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FOREWORD 

The need for locally written textbooks on agriculture has been felt for a long 
time. This is because agriculture is a highly site-specific field, and students 
find it difficult to relate what is stated in textbooks written abroad to the 
widely different physical and socio-economic environment of Pakistan. 

It became possible to meet this need with the obligation of USAID 
funds for this purpose under Project Implementation Letter No. 17 of 14 
February 1990, largely due to the interest of Cordell Hatch, MART Project 
and Harry Dickherber, then of USAID, Islamabad. Strong interest and 
support were provided by former TIPAN Team Leaders Dr. Raymond G. 
Cragle and Dr. Gilbert H. Kroening, and by Abdur Rehman Khan, the 
former Vice Chancellor of the NWFP Agriculture University. 

The project started with the constitution of a Task Force to plan the 
work. It comprised nominees of all the three agricultural universities, Paki
stan Agricultural Research Council, National Book Foundation, USAIO, and 
the TIPAN Project of the NWFP Agricultural University. 

The first meeting of the Task Force was held on 25 March 1990. It 
identified the following topics and pr:orities for the textbooks to be written: 

Textbook topic 

Crop Production 
Animal Production 
Soil Science 
Horticulture 
Plant Breeding and Genetics 
Extension Methods 
Farm Management 
Agricultural Entomology 
Plant Pathology 
Water Management 
Range Management 

Priority 

1 
1 
1 
1 
1 
1 
2 
2 
2 
3 
3 

It Jlso identified managing authors and several contributing authors for the 
books at priority 1. 

An authors' conference was held in Faisalabad on 6-8 May 1990, at 
which time panels of authors decided the contents of the books and named 
the most appropriate persons to write the various chapters. Dr. Everett 
Edington, Teaching Specialist, TIP AN Project, and Or. J. Cordell Hatch. 

XIII 



Consultant MART Project, facilitated the conference. A'1d thus the work got 
under way . 

. These textbooks have been written at the level of the beginning student 
of agriculture, and, as far as possible, cover indigenous research and experi
ence. 

The best part of the exercise has been the collaboration of over a hun
dred agricultural scientists from all over Pakistan. 

S. Basil Ali Shah 
Vice Chancellor 
NWFP Agricultural 
University 

Irshad Ali 
Vice Chancellor 
Sindh Agricultural 
University 

Oval Myers, Jr. 
Team Leader 
TIPAN 

xiv 

Muhammad Rafiq Khan 
Vice Chancellor 
Agri(.'Ulturc University 
Faisalabad 



EDITOR'S PREFACE 

Every effort has been made to present the ideas and interests of each of our 

authors as clearly and faithfully as possible, while at the same time adjusting 

the various formats of their separate articles into a consistent style suitable 

for a textbook. We have tried to keep the language as simple and straight

forward as possible, consistent with accurate representation of the content. 

We hope that this will make the content of the book more accessible and 

useful to students. 
Typographical conventions employed in this book are as follows. Ita'lic 

type is ,used: (1) for botanical names at the genus and species level; (2) for 

non-English words (e.g. Urdu, Russian, Latin, Pashto) which are not nor

mally used in ordinary English conversation or writing (e.g. in situ, or floris); 

(3) for the titles of books mentioned in the text; (4) to contrastively stress 

a particular word in a sentence (e.g. classified by shape, not function). Non

English words or botanical names which have become part of ordinary 

English usage in Pakistan or elsewhere are not italicized (e.g. berseem, dal, 

barani, rabi, kharif, chernozem, podzol, eucalyptus, delphinium, salvia). 

Boldface type is used to introduce an important new word or concept in the 

text. 
Spelling generally follows the British tradition rather than the American. 

Individual author preference is respected, however, in this regard. Biblio

graphical conventions and abbreviations for standard units of measure are 

those specified in the fifth edition (1983) of the CBE Style Manual, pub

lished by the Council of Biology Editors, 9650 Rockville Pike, Bethesda, MD 

20814, USA. 
The editors take this opportunity to express their appreciation to the 

authors for the spirit of cooperation and enthusiasm which they have shown 

at all stages of our endeavor to produce the best possible locally-oriented 

textbook. The illustrations in the book owe a tremendous amount to the 

invaluable help of Professor Habib-ul-Rahman Mian of the Department of 

Plant Breeding and Genetics, NWFP Agricultural University with the coordi

nation and execution of the artwork. 
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INTRODUCTION 

Horticulture is a fascinating subject. Since it deals with beautiful flowers and 
foliage and delicious and nutritious fruits and vegetables, it can be both a 
profitable business and a rewarding hobby. Also, it improves the human 
environment, both physically and aesthetically. All these, and many more 
benefits nf horticulture are covered by Tqrar Ahmad Khan in his Introduc
tion to this volume. He ranges widely over the subject, touching several 
facets which are covered in greater detail in the subsequent chap~ers. 

Altaf-ur-Rehman Rao has the difficult task of introducing the neophyte 
to the basic concepts and the vocabulary used in describing the structure of 
flowers, the processes of fertilization and seed formation, the development 
of fruit and their structure, and the several changes that occur during fruit 
development. Noor Badshah, in his concise chapter, briefly describes the 
processes of food manufacture, respiration, and carbon metabolism, and 
highlights their importance to plants as well as to humans and animals which 
feed on plants. 

Abdul Fatah Baloch, in his· chapter on phases of plant growth, describes 
the vegetative and floral growth and development of plants. His account of 
the effects of daylength, plant hormones, and temperature on plant grcwth 
and their applications in practical horticulture is especially interesting and 
instructive. 

Musahib-ud-Din Khan and Habib-ul-Rahman launch into the difficult 
but very important subjects of the genetic basis of variability in crop species, 
the various methods of breeding plants, the state-of-the-art work of bio
technology and genetic engineering, and the breeding methods for some 
important fruits, vegetables, and ornamental crops. 

Biological diversity has kept humans alive and well so far, and is hu
manity's insurance against starvation in the rapidly changing climatic condi
tions forecast for the future, which are caused and accelerated by environ
mental degradation. As the greenhouse effect takes hold, making earth's 
climate subject to violent tluctuations, biological diversity and the ability to 
makc use of it for breeding better and more adapted crops will become 
increasingly important for the survival of the human race. 

Saeed Ahmed's chapter on plant propagation takes us into the heart of 
horticulture, telling us how to propagate fruits, vegetables, and ornamentals 
by seed as well as by asexual methods. A short section deals with plant tissue 
culture, which is likely to attain considerable importance in plant propaga-
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tion. Environmental conditions have a profound influence on which species 
of plants can be grown where, and at what times of the year. Iqrar Ahmad 
Khan's chapter on plant environments therefore deals with the effects of 
light, temperature, water, and air on plant growth. 

In horticulture, we are mostly concerned with plants rooted in soil. 
Muhammad Ibrahim Chaudhary's chapter on soils and fertilizers is therefore 
a good introduction to the significance of soil factors in horticulture. After 
describing the important attributes of soils, Ibrahim also discusses organic 
matter and inorganic fertilizers which are so important in the sustainable 
development of horticulture. 

Mahmood Niaz Malik's two chapters on the establishment of gardens 
and management practices form the centrepiece of this text. Malik draws 
upon his life-long experience of teaching horticulture in telling us how to 
select a suitable site for an orchard, how to prepare it, how to select the 
planting stock, how to plant, and how to manage the nu~erous aspects of 
successful horticulture-soils and their cultivation, water and nutrients, 
weed and pest management, and pruning and training. Only scrupulous 
attention to these details can ensure success in horticulture. 

Insect pests and diseases are a bane of horticulture. Unless you can 
successfully manage these, you can forget about practicing horticulture. Ali 
A. Hashmi's chapter on insect pests and diseases is therefore crucial reading 
in this introductory volume on horticulture. Though you will have to take 
many more courses in both entomology and plant pathology to become 
adept in managing the pests and diseases of horticultural plants, it is well to 
get an early start in becoming familiar with the problems. Of particular 
interest in this discussion of diseases and insect pests are the various meth
ods of cultural and biological control, and the message that chemical control 
should be used as a last resort, and even then in moderation, using only 
those pesticides which are the safest and the least persistent. This is an 
essential requirement for practicing sustainable horticulture which will not 
endanger human health. 

As Wasim Farooqi points out in his chapter on post-harvest handling, 
20-40 percent of our fruit and vegetable harvest is lost annually due to 
improper attention to the numerous details between the ripening of the 
produce and its consumption. This is a tremendous recurring annual loss 
which we can ill afford. An possible measures must therefore be taken to 
reduce it. An important measure is to educate the student of agriculture. 
Wasim sets himself this task and takes us through the factors predisposing 
horticultural crops to these losses, the processes that cause them, and the 
steps which must be taken to counter them. 

The most important fruit crops of Pakistan arc citrus, mango, guava, 
date palm, and banana. Muhammad Ibrahim Chaudhary deals with them in 
detail in his chapter on fruit crops. Topics covered for each include botany, 
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soil and climate, propagation, and cultural practices. Short accounts are also 

given for several other fruits grown on a smaller scale-apple, pear, plum, 

and apricot. 
Abdul Fatah Baloch follows with his chapter on vegetable crops, extend

ing a similar treatment to the major vegetable crops of Pakistan. 

The most important chapter of this book is on floriculture and land

scape gardening by Daud Abmad Khan. This is because it deals with the 

most beautiful organism on earth-flowers, and because landscaping is a 

potent device for making our cities more habitable. It deals with garden 

designs, lawns, flowers, trees, shrubs, and house plants. 

The pprpose of this book is to whet your appetite for learning about 

horticulture. To do so, you will have to spend several years and study several 

courses. But this is a good start. 

Ghaus Mohammed Khattak 
Coordinator 

xix 

Mahmood Niaz Malik 
Managing Author 



TO THE STUDENT: 

This textbook has been written by a team of agricultural researchers and 
teachers from various parts of Pakistan, each with his own particular exper
tise and focus of interest. In order to make its contents maximally accessible 
to you, its users, we have provided the following features. 
• Chapter outlines. Each chapter is preceded by an outline of its main 

content areas. Read this first to get a broad idea of the structure of the 
chapter and the topics it covers. 

• Learning objectives. At the beginning of each chapter is a list of learn
ing objectives; that is, things which you should be able to do after study
ing the chapter. Read and think about these before you begin to study 
the chapter to clarify in your mind what you are going to learn about. 
Try to keep them in mind to guide and focus your reading of the 
chapter. 

• Study questions. At the end of each chapter there is a set of questions. 
These are intended to re-focus your attention on the most important 
content of the chapter. They can be used for self-study or assigned by 
your teachers. 

• References. A list of references follows each chapter. This list contains 
all works referred to in the text, as well as suggestions for further read
ing in some cases. This is a valuable tool for you to'use in.pursuing an 
idea beyond what is given in the textbook itself. 

• Abbreviations. Abbreviations and acronyms used specifically in this 
book as well as those for standard units of measurements are listed in 
a separate section at the end of the book. 

• Glossary. After the final chapter there is a glossary of important techni
cal terms and words which the authors have felt may need to be precise
ly defined. Use this like a mini-dictionary to find the meaning of an 
unfamiliar or difficult word quickly. 

• Index. At the end of the book there is a topic index. In it are listed 
words and phrases which refer to important concepts, institutions, or 
persons. If the topic or idea you are interested in is not listed in the 
table of contents, look for it in the index. 

xx 
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1. INTRODUCTION 

Iqrar Ahmad Khan l 

LEARNING OBJECfIVES 

After reading this chapter, a student should be able to: 

• Explain the place of horticulture as a branch of agriculture 

• Discuss the .importance of horticulture in our lives and economy 

• Summarize the history and development of horticulture 

• Talk about the present status and future potential of this branch of 

agriculture in Pakistan 

• Identify the factors affecting or limiting the growth of different branches 

of horticulture in Pakistan 

1.1 Definition of horticulture 

An important objective of this introductory chapter is to introduce the 

discipline of horticulture as it relates to agriculture in Pakistan. A brief 

history of the discipline, classification of horticultural plant& and discussion 

of their importance, and a description of the production systems of various 

divisions of horticulture are presented. 
The term horticulture is derived from two Latin words hortus 'garden' 

and colere 'to cultivate'. Halfacre and Barden (1979) state. that the first 

known use of the term horticulture was in 1631. Bailey (1939) "Observed that 

horticulture is concer~ed with production within an enc19sure. Gardens are 

distinguished from fields by the concept of enclosure.· Jamck (1986:1) defines 

horticulture as "that branch of agriculture concerned .with intensively cul

tured plants used for food, for medicinal purposes, or for ~thetic gratifi

cation." Therefore, if agriculture is defined as the tec.hnqlogy of raising 

plants and animals, then horticulture would be that part of plant agriculture 

which deals with garden crops (Fig. 1.1). Agronomy and forestry are the 

I Associate Professor, Department of Horticulture, University of Agriculture, Faisalabad. 



4 Iqrar Ahmad Khan 

bqmches of agriculture covering field crops and forest trees, respectively. 
Horticulture may be considered as a parallel discipline to agriculture, since 
the Latin word ager means 'field', and agriculture is defined as the cultiva
tion of field crops, whereas horticulture is the cultivation of garden crops. 
However, the concept of garden has evolved from that of an enclosed place 
to that of intensively cultivated land. 

The differences among horticulture, agronomy, and forestry are mainly 
defined by custom. Horticultural produce usually has a high water content, 
is highly perishable, and is usually utilized fresh; whereas agronomic and 
forestry products are often utilized in the non-living state and usually con
tain high percentages of dry matter. Crops like potatoes and sweet potatoes 
may be considered agronomic crops when they are used as staple foods. For 
us in Pakistan, potatoes and sweet potatoes are vegetable crops. Trees like 
walnut, mango, and pine are"forest crops when planted for wood, and horti
cultural crops when used as fruit and ornamental trees. 

Horticultural crops often have high cash value and are intensively culti
vated on relatively small areas. Thus m~lons can be either an agronomic or 
a horticultural crop, depending on whether they are grown extensively or 
intensively. The high cash value of horticultural crops justifies a large input 
of capital, labour, and technology per unit area of land. Sweet corn is differ
ent from maize only by a single gene, but this one gene increases its value 
enough to warrant the use of hybrid seed and intensive cultural methods. 
This, plus its use by humans, changes its category from an agronomic crop 
to a horticultural crop. 

P1pre 1.1. An aerial view of a young citrus grove lined with date palms. 



Customs change, and 
intensity of cultivation in 
small areas is not neces
sarily the defining charac
teristic of horticulture. The 
input per unit area for 
agronomic crops like cot
ton and sugarcane is also 
very high and may be 
more than for some horti
cultural crops. Thus we 
may need to identify other 
common characteristics 
among horticultural prod
ucts. One such character
istic is that horticultural 
products are sources of 
aesthetic pleasure, i.e . 
beauty and pleasant flavor. 
Some fruits and vegetables 
like cashews and garlic are 
highly nutritious but they 
are eaten primarily as a 
source of flavor and plea
sure. Thus horticultural 
foods may be distinguished 
from agronomic food 
products by their aesthetic 
as well as their food value. 

Horticulture deals 

INTRODUCTION 5 

t 'igurc 1.2. Roses are onc or t11C most common and 
beaut iful flowers. By- products like attar and gulkand are 
also made from them. 

with a large number of plant species. Traditionally, it includes fruits, vegeta
bles, and ornamental plants. Even medicinal plants, beverage plants (tea, 
coffee), and spices are considered horticultural crops. 

Horticulture is an art as well as a science. It deals with a combination 
of the botanical and agricultural aspects of plants. Thus, one may define 
horticulture as the culture and biology of garden crops, including both the 
aesthetic and the scientific dimensions. Basic principles of physics, chemistry, 
and biology are used by horticulturists to understand and manipulate plant 
life. Biotechnology is now finding direct applications in horticultu're. 



6 lqrar Ahmad Khan 

1.2 Divisions of horticulture 

There arc three basic divisions of horticulture: pomol'Jgy, or fruit produc
tion; olericulture, or vegetable production; and floriculture, or flower pro
duction. Landscape horticulture and designing have also emerged as distinct 
branches of horticulture. Floriculture and landscaping are treated together 
as one branch of horticulture, also known as ornamental horticulture. From 
thc commercial point of view. production of nursery plants or nursery cul
ture is also a viable branch of horticulture. There are other commercial 
branches like seed production and marketing, greenhouse crops. pharmaceu
tical crops. processing and storage. along with many support industries. 

1.2.1 Pomology 

The study of fruits l~ 
called pomology. Botani 
cally., a fruit is a ripenel 
ovary. The horticultura : 
definition of fruit include~ 
other floral parts as well. 
but here, fruit· is the edi
ble, tleshy or dry portion 
of a plant whose develop
ment is c10scly (lssocia'k, 
with the Bower (Figs. I.3 
and 1.4). 

The commercial pro
duction of fruits is known 
as orcharding. It is typi
cally based on long-lived 
perennials, many of which 
do not bear fruit until 
several years aftcr they an: 
planted (Figs. 1.5 and l .t». 
Grape plantations arc 
called vineyards, and the 
cultivation of grapes is 
called viticulture. Similar
ly. citrus orchards are 
typically called ci trus 
groves and the cultivation 
of citrus is known as dtn
culture. 

Fij(ure 1.3. A mango tree at the tlnwering stage. 
Mango squash and acchar arc common ways of preserving 
the fruit. 
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t'il:urc ..... A h~avily hearing dat~ palm a few weeks after pollinalion. The dioeci""s dale 

palm is grown in all provinces of Pakistan, wilh Balochistan lhe leading producer. 

Figure 1.5. A pcar plantation IIllcrcroppcd wllh mollll . PCins arc commercially gruwn in 

the Peshawar Valley of the NWFP Province. 

Orcharding and other types of fruit growing require high capital invest~ 

ment for years on a fIxed site, without ·immediate return. In Pakistan, most 

of these operations are carried out manually and year-round, and both 
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skilled and unskilled labour is required. Since it is costly to get into or out 
of the fruit growing business, selection of sites, species, and cultivars should 
be made very carefully. 

Figure 1.6. The papaya is an important fruit of Sindh. Two plants are seen standing side
by-side; only the female plant is bearing. 

All major fruits are clonally propagated. In most cases, the commercial 
varieties are used as scion, and the rootstock is of a different species or 
variety. Farm operations like pruning and training of trees and thinning of 
fruits are unique to pomology. With the exception of a few nuts, fruits are 
highly perishable. Post-harvest handling of fruits is itself a specialized disci
pline, dealing with grading, packing, storing, processing, and shipping oper
ations. Similarly, Olarketing of fruits requires special attention to take advan
tage of seasonal markets and to avoid losses due to petishability. 

World production (by weight) of fruits is close to that of staple food 
crops. The greatest production is of grapes, followed by citrus fruits, banan
as, and apples. In Pakistan, thanks to: climatic an~ soil diversity, about 30 
different fruits are grown. \ 

Among the fruits grown in Pakistan, citrus ranks fIrst, with 95 percent 
of its area and production concentrated in the plains of the Punjab. Mango 
is next to citrus, and is mostly grown in the southern districts of Punjab and 
Sindh. Banana, guava, date palm, and apple are next in rank. SignifIcant 
quantities of stone fruitS (drupes-peaches, plums, apricots, and almonds) 
are also produced. There are several other important fruits grown in differ
ent parts of this country (Ta1>le 1.1 and Fig. 1.7). 
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QaJat *io 
Area under cultIVatIOn (hectares [hall 

CITRUS < 5000 0 

BALOCHISTAN 
5000--15,000 ( 

> 15,000 ( 

MANGO < 3000 
3<100-9000 

"> 10,000 

DATE 1500-2000 

Mekran >2000 

to GUAVA 500--2000 
,2000 

BANANA 500-2000 
>2000 

APPlE 500-2000 
>2000 

ARABIAN .SEA STONE 5()O.-2ooo 

FAUmI > 2000 

Flpre 1.7 Fruit map of Pakistan (Drawn by Habib ul Rahman Mian) 
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1.2.2 Olericulture 

The study of vegetable production is called olericulture, derived from olens 
'an herb'. A vegetable may be defined as the edible portion of an herbaceous 
plant used fresh or processed. The edible portion may be the fruit, foliage, 
tuber, root, or any other plant part. The edible portion of the tomato is a 
fruit; the potato is a tuber (stem); the sweet potato is a root; peas are seeds; 
and lettuce is the leaf. Potatoes and other vegetables together produce more 
food (by weight) than any other food crop in the world. In Pakistan, about 
50 different vegetables are grown, in two growing seasons (Table 1.2). As 
compared to orcharding, the vegetable industry is characterized by its flexi
bility. Because most vegetables are grown as annuals, shifts in cultivars and 
crops can be readily made. There are three main categories of vegetable 
production: home gardening, market gardening, and truck gardening. In 
addition, there are several small, specialized production' types including 
vegetable forcing, production for processing, seed production, and mush
room culture. 

Home gardening. Home gardening is the growing of vegetables for 
home use. It is the oldest form of vegetable production, and is still the most 
important source of vegetables in our rural households. Besides being very 
economical, this is the only method of assuring fresh produce, and the 
choice of crops can be made according to the likings of the family members. 
If intensive methods are followed, from an area of 10-20 marlas sufficient 
vegetables and some fruits can be grown for an average family, and at times, 
additional income'can be earned by selling the excess. Unfortunately, home 
gardening is disappearing from our villages, and rural people are also be
coming dependent on market-supplied vegetables. This trend is unhealthy 
and must be reversed by popularizing home gardening through proper 
education and easy availability of supplies, especially seeds. . 

In the western world, organic farming-farming without the use of 
chemical fertilizers or pesticides- has emerged as an important form of 
home gardening. People have realized that the produce sold in the market 
carries a heavy load of chemicals which may be injurious to their health. The 
only way to get fresh and uncontaminated vegetables is through organic 
home gardening. 

Market gardening. Ne;,u large centers of population, many kinds of 
perishable vegetables are grown for sale. The produce from this kind of 
vegetable culture is sold in local markets which are usually within a few 
miles from cities. This type of market gardening has developed to meet the 
requirements of people with no land, time, or interest to grow their own 
vegetables. Improved roads and transport facilities have made it possible for 
market gardeners to serve distant areas. Because of the high value of land 
in the immediate vicinity of cities, and the availability of road transport, 
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market gardening is now also practiced at places far away from the centers 
of consumption. Because of intense competition among producers, special
ized production of particular crops has begun to be practiced, with emphasis 
on grading and preservation of freshness and appearance of produce. 

Market gardens in the immediate vicinity of big cities utilize city sewer 
water as a source of fertilizer and irrigation. Often, heavy use of chemicals 
is made to control the spread of insects and diseases carried in city refuse. 
Vegetables produced on land fertilized with sewage may have a heavy load 
of chemicals and amoebic organisms which are a health hazard to humans. 

Market gardeners typically face glut periods when there is surplus pro
duce, in the market with very little return to the growers. By choosing the 
time of sowing carefully, and selection of the right kind of varieties, it is 
possible for progressive growers to avoid glut seasons, and the wastage of 
produce and loss of income they entail. 

Truck gardening. Truck gardening or farming is the production of 
vegetables in relatively large quantities for distant markets. Special crops are 
selected and grown in different agro-ecological regions. The usual choices 
are the less perishable or non-perishable crops. Production of potatoes in 
Okara District, melons and peas in Gujranwala District, winter muskmelons 
in lower Sindh, and a late summer crop of onions in Balochistan and Swat 
are a few examples of truck farming. Truck farming is less intensive than 
market gardening. Also, the grower can usually wait from a few days to 
weeks between harvesting and marketing. The marketing is done in whole
sale markets. With i~provements in means of communication and trans
port-roads, trucks, and refrigerated transportation-and information on 
distant markets, the outlook of truck farming has changed. Now, most of 
those perishable vegetables which were formerly grown in market gardens 
can be grown on the truck farming-pattern. Tomatoes, even though highly 
perishable, are being cultivated in frost-free areas during winter and shipped 
to distant markets. 

Vegetable forcing. Production of vegetables out of their normal season 
of outdoor production is known as vegetable forcing. There is demand for 
out-of-season produce and the consumer is willing to pay extra. The most 
common form is the early or late production of summer vegetables. A usual 
limitation on the production of summer vegetables like tomatoes, cucum
bers, eggplant, bell peppers, melons, and gourds is frost. In developed 
countries, such crops are grown in greenhouses, making it the most intensive type of cultivation. Commercial production of greenhouse crops in our 
country is not feasible. Nature has blessed us with a wide range of agro
ecological climates. There are several frost-free pockets in Punjab and 
NWFP, and summer vegetables can be grown out-of-season in the entire lower Sindh. Parts of Malakand and the katcha area of Khushab District are big producers of tomatoes. Most summer vegetables are shipped from lower 
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Sindh to other parts of the country. Traditionally, market gardeners produce 
early vegetables on a small scale, providing protection from frost by covering 
the germinated seedlings, using sarkanda or branches of trees. The use of 
plastics has gained importance in recent years. Low plastic tunnels are 
erected on field beds for crops like vegetable marrow. High plastic tunnels 
are used for crops like cucumbers, tomatoes, bottle gourds, peppers, and 
eggplant. In the west, plastic tunnels are used as a low-cost alternative to 
the greenhouse. 

Vegetable production for processing. Processing refers to ways and 
means by which vegetables or their products are preserved for future use 
instead of fresh consumption. This sector of the vegetable industry has not 
developed properly in this country. In many parts of the world, this is an 
important area and vegetables are grown specifically for processing. Vegeta
ble processing can utilize the excess produce during the glut season, stabilize 
prices and availability of vegetables over prolonged periods, and fulfill 
emergency needs. Important types of vegetable processing include canning, 
freezing, deQydration, and making industrial products like tomato ketchup, 
potato chips, and juices. Peas, beans, and mushrooms can be canned. Vege
tables like spinach, okra, peas, and sweet corn can be frozen. Onions, garlic, 
and many root vegetables can be dehydrated and stored for future use. 

Vegetable seed production is a small component of the vegetable grow
ing industry but is considered as an important and highly specialized area. 
Similarly, mushroom culture is a branch of olericulture which has the poten
tial for expansion in some areas. 

1.2.3 Floriculture and ornamental horticulture 

This branch of horticulture deals with plants and their layout for beautifica
tion of the environment. A tremendous number of plants are classed as. 
ornamentals based on their decorative value and personal choices. There are 
seasonal flowering plants, foliage plants, lawn grasses, evergreens, and 
deciduous shrubs and trees. Fruit trees grown in home gardens can also be 
selected for ornamental purposes. Selection of piants according to the 
physical situation of a house, public or private building, road, public facility 
like an airport, or recreational place like a park is known as landscape 
d~signing .. 

Ornamental horticulture can play an important role in modification of 
domestic and urban environments and pollution control. Growing awareness 
of the importance of plants in the environment has increas~d the appre
ciation of the public and policy makers for ornamental horticulture. The 
nursery business has expanded in recent years to meet increasing demands 
for ornamental plants. Producers and wholesalers are located both in the 
vicinity of large cities and in more remote areas which supply plant materials 
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to retailers in the cities. Pattoki in District Kasur is a major center of the 
nursery business. A variety of plant materials are imported for ornamental 
purposes. Also, significant quantities of seeds of flowering plants are import
ed eve~' year. Ornamental plants are also grown for the extraction of by
products like essential oils and aromatic compounds, for sale as cut flowers, 
and for medicinal purposes. There is considerable scope for the export of 
cut flowers. To enhance the scope of ornamental horticulture, annual flower 
shows and design competitions are held in all the big cities. A selected list 
of common ornamental plants is found in Chapter 15. 

1.3 Classification 

1.3.1 Horticultural classHlcatlon 

Horticultural classification is a logically conceived system of description, 
nomenclature, and identification of plants. There can be several ways to 
classify plants, like growth habit, life span, temperature relations, uses, 
morphology, and cultural requirements. Ho,\\,ever, the botanical classification 
system remains the basis of plant nomenclature and identification. 

On the basis of growth habit and physiological characteristics, horticul
tural plants can be classed as succulent, herbaceous, or woody. In floricul
ture, the term succulents is usually used for foliage plants with extremely 
tender and watery stems and leaves (See Chapter 15). Herb is a term used 
for self-supporting succulents. Herbaceous plants usually have tender stems, 
either drooping or self-supporting. Most vegetables and many floral and 
ornamental plants are herbaceous in their growth habit. Self-supporting 
woody plants are known as shrubs or trees. The distinction between shrubs 
and trees is made arbitrarily on the basis of number of stems and plant 
height. Trees are characterized by a single central stem, and shrubs have 
more than one to many stems. Trees are usually taller than shrubs, but the 
distinction between trees and shrubs may be obscured by growth environ
ments and training practices. Plants with climbing or trailing stems can be 
woody or non-woody. A climbing plant with a non-woody stem is known as 
a vine, whereas a woody plant with a climl}ing growth habit is called a tiana 
(Janick 1986:29-30) .. 

Some plants shed their leaves during winter; these are referred to as 
deciduous. Plants with persistent leaves are called evergreen. Most deciduous 
plants are native to temperate climates, and, with the -exception of pines, 
evergreens are considered tropical in origin. 

Plants are annuals, biennials, and perennials, according to their life 
span. An annual plant completes its entire life cycle in a single growing 
season. Many vegetables and seasonal flowering herbs are annuals. The 
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biennial plant completes its life cycle in two growing seasons. The first 
season's growth is entirely vegetative, and is typically characterized by short, 
low internodes called rosettes. In the second season, it bolts, i.e. sends up 
a flowering stalk with extended internodes bearing flower and fruits. Root 
vegetables like carrots and beets; leafy vegetables like lettuce and cabbage; 
and others like onions are biennial in nature. Climate is the critical factor 
in determining the life span of plants. Annuals and biennials can vary in 
their life spans in different climates. Most of the above named biennial 
vegetables are harvested for consumption after the first season of growth 
and are thus treated as annuals for cuIt.ivation purposes. 

Perennial plants grow for years: and most of them are woody. Their 
growth can be divided into juvenile and mature phases. During the first 
phase, the plants grow vegetatively for . several years. In the second phase, 
reproduction starts, and vegetative and reproductive growth are concurrent. 
All of our fruit trees and ornamental shrubs and trees are perennial, and 
some herbaceous plants are also perennial. For example, asparagus, pota
toes, and many bulbs are perennial. The above-ground parts of such plants 

. are killed in winter while the underground storage structures, like the tubers 
of potatoes, survive. Some plants like tomato and eggplant are perennial in 
tropical climates and annual in temperate zones because of winter kill. 

The flowering habits of plants are very important in horticulture. Flow
ers can be described according to their functional parts as hermaphrodite, 
perfect, complete, or incomplete. Plants with fl0wers having both male and 
female sex organs in the same flower, like peas, are hermaphroditic. Plants 
with flowers of only one sex are dioecious (date palm, papaya, spinach, 
asparagus). Another category of plants bear two or three kinds of flowers, 
male, female, and sometimes hermaphroditic flowerc; as well. Plants with 
separate flowers of a single sex are called monoecious (e.g. cucurbits). 

Plants can also be classified according to their temperature relations, i.e 
temperature requirements for growth and tolerance to low temperature. 
Vegetables are grouped as summer (warm season) and winter (cool season) 
vegetables on the basis of their growing season temperatures. A winter 
vegetable in the plains of Punjab can be successfully grown during the 
summer at higher attitudes. Most summer vegetables are grown all year 
round in the frost-free areas of lower Sindh. Cool-season crops require that 
the maximum temperature not exceed 80-85°F and the minimum not fall 
below 35-40°F. The optimum for most such crops is 65°F. For warm season 
crops, the optimum is above 80°F. They are usually frost-sensitive and 
cannot grow if the minimum temperature falls below 50°F. Fruits are catego
rized as temperate, subtropical, and tropical. Temperate fruits are mostly 
deciduous and require a certain amount of chilling to flower. Apples, pears, 
Peaches, plums, almonds, an? apricots are important temperate fruits. 
Subtropical and tropical fruits are native to warm climates; they are frost-
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. sensitive and unless hardened properly in the late summer, the foliage can 
be destroyed by frost. Subtropical plants like citrus, guava, and grapes can 
tolerate frost. Tropical plants like banana, papaya, and mango are much 
more sensitive to low temperature exposures. Horticulturists speak of tender 
and hardy plants according to their ability to withstand low winter tempera
tures. Hardy plants are resistant to frost and tender ones are not. 

Fruits borne on low-growing plants like shrubs and vines, e.g. grapes, 
falsa, and strawberry, are known as small or soft fruits. Nuts are edible 
seeds like almonds, walnuts, pecans, etc. Fleshy fruits are those whose edible 
part is the soft flesh as opposed to the seed. Systematic pomology is a 
branch of pomology which describes fruits according to their structural 
development. Pomes (apple, pear, quince) are false fruits in which the edible 
part is the thalamus. Berries (grape, banana, citrus) are true fruits developed 
from the ovary walls. Stone fruits, also known as drupes, are also true fruits 
(peach, apricot, plum, cherry). An aggregate fruit is derived from a flower 
having many pistils on a common receptacle. The individual fruits of the 
aggregate may be drupes, as in blackberries, or achenes, as in strawberries. 
Multiple fruit is a name for fruits derived from many separate but closely 
clustered flowers. Common examples are pineapple, fig, and mUlberry. 

Vegetables may be grouped according to their edible portions and 
cultural requirements. Root crops are vegetables with underground edible 
parts like carrots, radishes, turnips, potatoes, and sweet potatoes. In a strict 
botanical sense, the potato is not a root, but all the above require similar 
methods of sowing and other cultural practices. Leafy vegetables like lettuce, 
cabbage, and spinach have edible leaves. Vine crops include most of the 
cucurbits. Other important groups are solanaceous fruits (tomatoes, pep
pers, eggplant) and flower crops like cauliflower and broccoli. 

Plants used as ornamen.tals are commonly separated into flowering or 
landscape plants. Flowering plants include seasonal annuals, perennials, and 
bulbs with underground storage organs. Landscape plants are usually foliage 
plants varying from ground covers or lawn grasses to hedges, and trees and 
shrubs. Indoor plants are ornamental plants with persistent evergreen foliage 
characters. 

Other horticultural plant categories which do not fit into the popular 
horticultural classification of fruits, vegetables, and ornamentals are beverage 
plants which are used for their flavours, and plants which produce aromatic 
or fragrant products. There are industrial crops like jojoba (an oilseed), 
rubber, resin crops, and many drug and medicinal plants. 

1.3.2 Botanical classification 

Scientific plant classification is based on the phylogenetic relationships of 
organisms. The science of classification is known as taxoD9my, derived from 
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the Greek word taxon, meaning group or category. All forms of life are 
related, with lower organisms the progenitors of higher organisms. The 
similarities and differences among the organisms form the basis for classifi
cation. In the mid-18th century Linnaeus recognized the value of using the 
morphology of the sexual or reproductive parts as a basis for taxonomy. 
These plant organs are less influenced by environmental conditions, and 
similarities and differences in floral organs have become basic to the classifi
cation of higher plants . 

. The plant kingdom consists of about a dozen major phyla or divisions. 
The most highly evolved or advanced division is known as Tracheophyta. A 
vascular or tracheary system is the common feature of all higher plants, 
hence the name Tracheophyta. Almost all horticultural plants excepting 
mushrooms belong to this division; The division Tracheophyta is divided into 
several classes. Horticulturally important ones are Filicinae (ferns), Gymno
spermae (cycads, conifers), and Angiospermae (flowering plants). Each class 
is subdivided into orders, and the orders are further divided into families. 
Each family comprises a number of genera (pI. of genus). Within each 
genus, there are various species. An identical group of individuals within a 
species is called a variety/strain. All categories need not be used, but the 
sequence is important. Sometimes intermediate subdivisions are named with 
the prefix sub-. The categories from kingdom to family are called the major 
taxa, and those below the level of family are called the minor taxa. The 
magnitude of genetic diversity decreases in order from genus to variety and 
to individual (Janick 1986:40-43). 

The gymnosperms are a small group of about 700 living species. Most 
of them are evergreen trees with needle-shaped leaves, belonging to the 
temperate zones. The name is derived from the characteristic of their seeds, 
which are borne 'naked', as opposed to angiosperms which bear enclosed 
seeds. Gymnosperms are sources of timber, wood pulp, turpentine, resin, 
edible seeds, and many highly valued ornamental plants (Janick 1986:43). 

The angiosperms are the largest group of higher plants, with more than 
2S0,000.species. Characteristically, their seeds are enclosed in the fruit, and 
the leaves are broad (not needles). They are the primary sources of food, 
fiber, and shelter. The class Angiospermae is divided into two subclasses, the 
Dicotyledonae (dicots) and the Monocotyledonae (monocots). The dicots 
have two cotyledons (seed leaves), flower parts in fours or fives or multiples 
of these numbers, reticulate leaf venation, and the presence of vascular 
cambium. The monocots have a single cotyledon, flower parts in threes or 
mUltiples thereof, parallel leaf venation, and lack of vascular cambium. 
There are about 200,000 dicotyledonous plant species, and approximately 
50,000 monocots. Within each class there are several orders and families 
(Janick 1986:43). 
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The identification and description of plant materials is based on two
part Latin names which refer to the genus and the species. The genus is 
named first, followed by the species. The genus begins with a capital letter 
and the species name with a small letter. When printed, both names are 
italicized. The name of the person who first named and described the spe
cies (or abbreviation of the name) follows the binomial designation. Botani
cal and English or common names of important fruits and vegetables are 
listed in Tables 1.1 and 1.2. Chapter 15 contains a l>imilar list of ornamental 
species. 

The genus is a group of species which have many common morphologi
cal, genetic, and cytological features. The members of a genus can some
times cross among themselves, but can never cross with the plants of any 
other genus. Thus, a species is made up of plants having morphological 
similaritics and producing like progeny. A species can be considered as ~ 
normally exclusive interbreeding population. 

A sub-classification of the traditional species is the variety. When a 
population of plants within a species differs in appearance from the original 
members of the species, it may be called a variety. A variety is named by 
adding a third name after the species name. It should not be confused with 
the cultivated variety, or cultivar. The term cultivar refers to a named group 
of plants within a cultivated species which maintain their identity when 
propagated either sexuaJly or asexually. In horticulture, clonal cultivars 
which are propagated vegetatively (asexuaJly) are very important. Variants 
among clones are called strains or sports. Sexually propagated cultivars fall 
into three groups: (1) pure-line or self-poJlinated cultivars, (2) open
pol\inated or cross-pollinated cultivars, and (3) hybrid cultivars. Hybrids are 
dcveloped by crossing divergent parents, and do not breed true by sexual 
propagatioh (Janick 1986:50). 

1.4 Significance of horticulture 

World production of fruits and vegetables is in millions of tonnes (Table 
1.3). The horticulture industry provides many essential components of our 
daily diet (Tables 1.4, 1.5, and 1.6), and meets the individual's aesthetic 
needs. It is a profession for many researchers and teachers and an occupa· 
tion or vocation for others working in the production phases. It is a business 
for merchants and a source of exercise and a small income for amateurs. 
Horticulture promotes the physical and mental health and economic pros
perity of individuals and nations. 
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1.4.1 Dietary Importance 

A complete food must contain carbohydrates, proteins, fats, vitamins, miner
als, and roughage or fiber. Horticultural foods are an excellent source of all 
the essential components of the human diet (Tables 1.4, 1.5, 1.6). Approxi
mately 30 percent of the food Consumed in the world is produced in the 
horticulture sector. All fruits and vegetables have some quantity of digestible 
carbohydrates and other food components in varying proportions. A survey 
of the composition of important fruits and vegetables is given in Tables 1.5 
and 1.6. Potatoes and sweet potatoes are especially high in starch, containing 
19 percent and 27 percent starch, respectively. These vegetables, and fruits 
like bananas, have the potential to supplement our future energy (calorie) 
requirements. On a per-acre basis, potatoes and bananas produce more f 

calorjes than wheat. Potatoes are the fourth ranking food crop in the world, 
and increased potato cultivation could reduce the pressure on grain produc
tion. Peaches, beans, sweet corn, and pecans are rich in protein. Avocados, 
olives, and most nuts contain a very high percentage of fat. Spices and 
beverages add pleasure to eating. Importantly, fruits and vegetables provide 
the vitamins and minerals which are lacking in the staple foods. 

Varied colours, texture, and flavours aeate interest in eating. Fiber or 
roughage is deficient in our diets, despite heavy intake of cereals. Meat and 
milk do not contribute fiber. Very high fiber content is found in vegetables 
and in some fruits. Leafy vegetables like celery, cabbage, lettuce, and others 
with high cellulose content add bulk to food. In the stomach, this roughage 
helps motility and neutralizes acidity created by the digestion of proteins. 
For a balanced diet, WHO recommends 450 grams of vegetables and fruits 
every day. In Pakistan, however, less than 200 grains per day is available. 

Deficiencies of vitamins and minerals cause chronic diseases. Vitamin 
A deficiency causes skin diseases, night blindness, and kidney stones. It is 
synthesized in animals and humans from its precursors or provitamins called 
carotenoids, which are richly provided by orange-coloured and dark-green 
fruits and vegetables. The red pigment in 'red-blood' oranges is an anthocy
anin, while the red pigment in some grapefruit is carotene. Shortage of 
ascorbic acid or vitamin C is responsible for hemorrhaging and swollen 
gums, and lowered body resistance against infection. Citrus, ber, guavas, 
tomatoes, and melons are rich in ascorbic acid. Vitamin E-deficient adults 
show symptoms of sterility. Onions, lettuce, oranges, bananas, and avocados 
are rich in vitamin E. The protective effects of three antioxidant vitamins, 
beta carotene (the plant provitamin A), ascorbic ~cid, and vitamin E are well 
known.. Low intake of these vitamins may lead to increased risk of coronary 
heart diseases and cancer of the lungs, breast, and prostate. 

Deficiencies of B-vitamins can cause beriberi, loss of sensation, and 
heart enlargement. Thiamine, riboflavin, and nicotinic acid are important B-
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vitamins present in appreciable quantities in many fruits and vegetables. 

Vitamin D helps the body t9 utilize calcium. Children whose bodies are defi

cient in vitamin D develop rickets, a softening and curvature of the bones. 

Vitamin D is synthesized by the body in the presence of sunlight, and is also 

available in green leafy vegetables. A blood-clotting factor known as Vita

min F is present in spinach and other leaves. People whose diet contains 

insufficient folic acid are more likely in old age to develop cataracts, a form 

of impaired vision in which the lens of the eye becomes opaque. Fresh 

cooked spinach, white beans, avocados, asparagus, a~d turnip greens are 

good sources of folic acid. 
Minerals play an important role in the development of the human body 

as constituent parts of tissue, and regulate metabolic activities as catalysts 

and co-factors. Important minerals provided by fruits and vegetables are Ca, 

Na, P, Co, Cu, Mg, Mn, Fe, and I. Deficiency of Ca affects the contractibili

ty of muscles, blood coagulation, the bones, and heartbeat. Phosphorus is an 

important component of nucleic acids and plays an integral role in energy 

transformation. Iron is the oxygen carrier, and its deficiency causes anemia. 

Iodine is needed for normal functioning of the thyroid gland. Fruit juices, 

seed pods, leafy vegetables, apples, apricots, plums, dates, olives, and peach

es are rich in minerals. Large amounts of sugar, organic acids, enzymes, and 

many pigments are important constituents of fruits. Because of its high 

pectin content, the albedo (white portion) of citrus peel is used for commer

cial pectin production and marmalades. Diced citrus peel is also used in 

cakes and cookies. 
The nutritional value of fruits and vegetables varies with their culture 

conditions, stage of consumption, and treatment in the field and after har

vesting. A high level of nitrogen in the soil lowers the Ca content of vegeta

bles and affects the composition of proteins. Boron deficiency reduces the 

carotene and riboflavin content of tomatoes. The amounts of rainfall and 

sunlight received by a crop influence its ascorbic acid content. The gap 

between supply and demand is further widened by high post-harvest losses 

due to the lack of a well-developed processing industry. Vitamin losses 

during shipping and storage are common. Storage of crates or bags at high 

temperatures, high respiration levels, and loss of water lead to loss cif vita

mins. Water loss by ruptures takes away the water-soluble vitamins. Oxida

tion affects thiamine content, but vitamin A, niacin, and riboflavin are stable. 

Cooking methods also play a role in the ultimate vitamin content of the 

food consumed. Loss of vitamins occurs due to heat and leaching. The best 

way to eat vegetables is fresh, or preferably raw. The quality of fruit is also 

subject to change during storage. Temperatures below 56°F cause brown 

color to develop on the skin of bananas. Citrus fruits need storage above 

refrigeration temperature. Chilling injury occurs in apples stored at low 

temperature. Dry fruits must be stored at room temperature (72°F). The 
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vitamin content of processed fruit.s and vegetables is invariably altered, and 
often manufacturers of processed food sell fortified products to raise the 
vitamin and mineral content. 

1.4.2 Economic position 

In Pakistan there is greater demand for fruits and vegetables than can be 
met by existing production. Formal data on the volume of business in the 
area of ornamental horticulture is not available. In general, however, our 
supply of all horticultural products falls short of the amounts needed to 
meet minimum requirements. In the USA, 40 percent of the food weight 
consumed consists of horticultural products, whereas the percentage of 
horticultural products consumed in Pakistan is negligible. It is clear that ' 
concerted efforts should be made in the country to increase production of 
horticultural products. Higher fruit and vegetable production would improve 
the nutritional status of the people of Pakistan. Also, more fruits and vegeta
bles could be exported to respond to the demand abroad. There is clear 
scope for the export of our produce (Table 1.8). 

Analysis of farmers' costs of production and returns (Table 1.7) shows 
that growers of fruits and vegetables regularly earn higher profits than 
growers of agronomic crops. High investment in the various phases of 
production, handling, processing, and marketing of these crops involves a 
higher flow of capital. Thus, cultivation of horticultural crops brings about 
accelerated economic activity in the agricultural sector. The expansion of the 
horticulture industry will create more infrastructure, more job opportunities, 
and better returns to farmers. Export of horticultural produce will bring 
foreign exchange into the country. Fruit and ornamental trees planted today 
are an investment in the future. They will be a source of timber and fire
wood. Raw materials are provided for many industries like paper, perfumes, 
feed, fertilizer, furniture, and various other articles of daily use. 

1.4.3 Aesthetic value 

The beauty of plants and the pleasure received are not tangible quantities 
that can be measured or weighed (Figs. 1.8 and 1.9). These are value judge
ments which vary with persons, places, traditions, and cultures. People of 
different heritages will have quite different opinions about what is beautiful 
and what is ugly. In horticulture, the elements of plant be'auty are combined 
to enhance their utility for human use. Whether horticultural plants are en
countered as foods, as desserts, or in a community park, their aesthetic value 
always takes precedence over economics. The aesthetic value of horticulture 
has been used to promote mental health and a mode of relaxation. Horti
cultural therapy is now a well-recognized field of medical science. 



1.4.4 Role in the envi
ronment 

Plants serve as lungs in 

cleaning our environment 

by regulating the CO2 
content of the air. Air 
pollution . and general 

degradaii~n of the envi
ronment tue to industrial
ization can best be con

trolled by the use of prop
er plant materials. Plants 

prevent soil erosion, and 

hardy trees like ber, guava, 

date palm, andpomegran
ate can be planted to 

reclaim waterlogged soils. 

Trees act as a barrier to 
reduce the velocity of 

winds. The presence of 

vegetation results in mild 

climates at both the micro 

and macro levels. 

1.4.5 Medicinal plants 

Many plants with medici
nal value arc cultivated in 

the horticulture sector. 
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figure 1.11. Bougainvill<;a. ;o common nee'pcr plan led 

along walls and pillars. 

Pharmacology, the science of drugs and medicines, is dependent on these 

plants. Thc cultivation and maintenance of such plants has its own aesthetic 

and economic importance. Falsa, sweet lime, and jaman are known for their 

cooling effects. Grapefruit is recommended for dieting patients. Bitter gourd 

and jaman are also considered to help diabetics. 

1.5 History and development of horticulture 

1.5.1 Overview 

Cultivated fruits, vegetahles, and many ornamental plants have been selected 

and domesticated hy man during the development of civilization. Agriculture 

and civilization have common roots. Based on anthropological, archeological. 
\, 
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Fil:llrc 1.9. Callna, a common flowering hlllh ill Pakistan . 

and paleo-botanical information, the history of civilization ami agriculturc 
can be divided into four periods: Paleolithic, Neolithic, historic,il, ami 
modern times. During the early stone age or the Palcolithic timc (morc than 
50,000 years ago), man lived in caves and ate from the wild. The earliest 
forms of food were perhaps fruits and herbs, which were the easiest to 
collect and eat. This was a period of great uncertainty, and man faced 
starvation due to scarcity of edible wild plants, lack of ability to preserve 
gathered food , and seasonal migrations. Lack of hunting activity due to 
unfavourable weather or shortage of game also endangered human t:xistence. 
In the later Paleolithic and the onset of the Neolithic period (around 11,000 
years ago), people knew how to make fire, and had learned to make better 
hunting implements by grinding stone. 

As human population increased and permanent settlements were estab
lished, a transition from hunting and gathering to village life and agriculture 
took place. Man started to collect and sow the seeds of edible plants. Well
watered and fertile land was required. There is evidence that the cultivation 
of plants started along the banks of the rivers Tigris and Euphrates about 
9000-11,000 years ago, during the Neolithic period. Cultivation along the 
Indus and Nile probably came later. Annual veget.ables and cercals must 
have been the first cultivated plants. Fruits were certainly not among the 
first to be cultivated because of the long time required by the fruit trees to 
reach bearing age. Peas, beans, and cucurbits were probably the earliest 
cultivated plants. 
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1.5.2 Domestication of plants 

Most cultivated plants were domesticated before the beginning of the histori
cal period (2500-3000 years ago), but the search for more edible plants 
continues. Sugar beets were domesticated in the 18th century, rubber and 
some oil palms in the 19th century, and modern strawberries and Maeada
mia nuts in the 20th century. The kiwi fruit of New Zealand is a newly 
domesticated fruit. 

At the beginning of civilization, man erected walls and constructed 
shelters. While learning to grow plants, he realized that some plants require 
more care t,han others. Cereal grains could be grown in the open without 
much protection, but many vegetables and herbs needed constant care. Thus 
he decided to cultivate vegetables and other precious plants in enclosures 
and within walls. 

During the process of domestication, cultivated plants underwent sub
stantial changes. Unconsciously, man selected among edible plants for better 
taste, colour, t1avour, and yield. This directed form of evolution induced 
recognizable differences between the cultivated plants and their wild n.:la
tives. Darwin in The Origin of Species by Means olNatural Selection present
I.:d explanations for evolution, and Menders laws of inheritance suggested 
the genetic basis for variation ,upon which natural selection acted. Modern 
plant breeders have combined the principles of evolution and domestication 
to evolve new and superior varieties of fruits, vegetables, and ornamentals. 

The history of plant domestication is closely associated with geography. 
Nine centres of origin or diversity of crops are recognized: Chinese, Indian 
and Indo-Malayan, Central Asiatic, Near Eastern, Mediterranean,Abyssini
an, South Mexican and Central American, South American, and Australian. 
Fig. 5.3 (Chapter 5) shows the origins of some important horticultural crops. 

The Fertile Crescent, which curves from the Nile Valley northeast into 
the Near East, Turkey and Central Asia, and southward through the valleys 
of the Tigris and Euphrates, is considered to be the oldest and the richest 
agricultural region. For centuries, there W<1S an exchange of domesticated 
plants between the Fertile Crescent and Indo-China in the east and Europe 
in the west through well-traveled trade routes. 

The introduction and adoption of plants from their places of origin to 
new environments has played a significant role in the success of many edible 
crops. Citrus. for example, has its origin in the Indo-Chinese regions. From 
India. the citron was carried to Europe by Alexander. In the Near East, it 
was an important part of the Jewish diet and was traded into the Roman 
Empire. When the Romans established sea routes to India with the coopera
tion of Arab merchants, lemons, limes, and oranges were important trade 
items. With the rise of Islam, citrus fruits were brought t.) North Africa and 
Spain. When the Portuguese rounded South Africa on the way to India,. 
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citrus also found its way into South Africa. From Europe, the seeds of citrus 
fruits were taken to the New World by Columbus. 

Persia (Iran) had a lasting impact on the art of gardening. The formal 
style of gardens, which has characterized the whole Islamic world for more 
than a thousand years, started in Persia. In ancient Persia, walls of gardens 
were hung with grapevines and climbers; fruit trees including peach, apple, 
cherry, banana, date, fig and olive, were cultivated. The Persians also grew 
flowers such as poppies, lilies, chrysanthemums, narcissus, and roses. They 
created canals in the gardens. The Persian ideas of formal gardens are found 
in Persian writings, paintings, and woven carpets. Alexander took the ideas 
of Persian garden design to Greece. Persian arts were also adopted by the 
neighbouring Indians. Water gardens were common :n ancient India in the 
form of water ponds developed in community parks at temples. The Indo
Persian art of water gardens was adopted in Moorish gardens with Muslim 
influence in North Africa and Spain. From there, the Spanish style was 
passed to South America. The Moorish tradition of water gardens is still 
very much alive in modern house design in the form of fountains, waterfalls, 
and swimming pools. 

Names of many fruits are mentioned in the holy books. In the Holy 
Quran, dates, grapes, figs, and olives are repeatedly named, reflecting a very 
ancient origin for these fruits. 

The great philosophers of Greece wrote extensively on edible plants 
around 300 B.c. Citron brought by Alexander from India was discussed in 
these writings. The Greeks made little advance in practical farming, but the. 
Romans were deeply interested in practical horticulture and agriculture. 
They liked flowers and ornamental plants, and refined the existing horticul
tural techniques. They grew vegetables in their country homes. Salad crops 
like cabbage were their favourite vegetables; lettuce, carrots, parsley, fennel, 
and melons were also cultivated. The Romans introduced many vegetables 
and fruits into Europe along with the knowledge of horticulture. Significant 
advances in the selection of edible plants and landscape architecture oc
curred again during the Renaissance and afterwards. 

Concurrent with the Roman and .Persian intluences was the impact of 
Islam. With the dawn of Islam, Muslim conquerors from the Arabian penin
sula went east, west, and north, accelerating the spread of many edible 
plants in different parts of the world. The Chinese also had a great impact 
on the early history and spread of edible plants; references on citrus fruits 
are found in ancient Chinese manuscripts. 

The discovery of the New World by Columbus in 1492 began a new era 
in the development of agriculture. Important plant introductions and ex
changes started between the new and the old world, which are still contin
uing. Important horticultural crops of the New World are maize, potato, 
tomato, sweet potato, squashes, pumpkins, beans, cranberry, avocado, 
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cashew, pecan, pineapple, chocolate, vanilla, chili, quinine, cocaine, and 
tobacco. Mutual exchange of many horticultural crops from the eastern to 
the western hemisphere included citrus fruits, apples, bananas, dates, coffee, 
figs, melons, carrots, pears, peas, asparagus, and strawberries. Plant intro- '\ 
duction remains an important tool of plant breeding and development of 
new crops and varieties of existing crops. Kinnow mandarin, the mainstay of 
our citrus industry, all cultivated potato and apple varieties, and many other 
fruits and vegetable cultivars grown in this country are foreign introductions 
(Fig. 1.10). 

1.5.3 The subcontinent 

As with the Romans, in the Indian subcontinent gardening was also a hobby 
for the rich and the feudal elite. Muslim conquerors from the Middle East 
and Central Asia influenced the development of horticulture in this region. 
The Persians remained central figures among the Muslim rulers of India, 
and Persian was the language of scholarship in India for centuries. Some of 
the best Persian-style water gardens were created in northern India. Babar 
directed the layout of the Bagh-i-Vafa under the supervision of Persian 
architects. In this garden, water channels were created in a symmetrical 
design, and natural beauty was enhanced by planting orange and pomegran
ate trees around the water reservoirs. Mughal rulers have left a lasting 
impression by creating formal gardens along with masterful structures like 
Hiran Minar, Jahangir's Tomb, and the Taj Mahal. Emperors patronized the 
art of horticulture through incentives for people with an interest in garden
ing. Akbar in his time planted a garden of one lakh mango trees at Darban
ga which is called Lakh-bagh. Mangoes were also planted in Shalimar Gar
den. The hobbyists and amateurs of this era did a remarkable job of select
ing varieties of mangoes, which have been perpetuated through clonal 
propagation. Some authors argue that the art of grafting was not very popu
lar until that time. The creative work in the design of gardens, selection of 
plant and non-plant materials during the time of the Mughals was far 
~uperior to developments in Europe during the post-Renaissance period. 
The work of the Mughals on the design and establishment of small gardens 
is scientificaIly recognized. 

During the British rule, a major development was the diversion of river 
water into a system of canals for irrigation. Gardening was encouraged by 
allowing extra irrigation water for this purpose. Trees and flowers were 
planted on the roadsides and along the railway tracks and canal banks. In 
almost all big cities, city parks by the name of Company Bagh ,,rere estab
lished. The British also initiated experimental agricultural education and 
research and development in the Indian subcontinent around 1910 when 
they established the Punjab Agriculture College and Research Institute, 
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Lyallpur (Faisalabad) and many regional agricultural experiment stations. An 
agricultural extension service was created to disseminate information on 
research and technology for agricultural development. Due to the influence 
of the British Empire, the exchange (introductions) of plant materials both 
into and out of India occur.red frequently. 

During the 20th century, the development of agriculture and horticul
ture has accelerated. The Royal Horticulture Society and American Society 
for Horticulture Science have influenced the development of horticulture 
during this century by providing a scientific forum for discussion and dissem
ination of experimental results. 

Production of fruits and vegetables at a subsistence level is centuries old 
in the subcontinent. However, large-scale commercial production emerged 
after the introduction of experimental agriculture. After the world wars, 
especially the economic depression after World War I, circumstances were 
conducive to change. Urbanization, industrialization, and increasing popUla
tion are other factors which have promoted the transition from pleasure 
gardening by the rich and subsistence production by village people on small 
farms to commercial fruit and vegetable production. 

There is a strong association between the development of agricultural 
information systems and the expansion of the horticultural industries. Table 
1.9 lists important events in tine development of horticulture in the region, 
and Table 1.10 presents a chronologicar record of the area under fruit and 
vegetable cultivation and production of fruits and vegetables. A major event 
occurred in 1925 when a Fruit Specialist was appointed. In the next 10-15 
years, horticulture became an important discipline of agriculture, with a 
significant impact on the development of commercial gardening in the 
country. Important developments took place in the year 1938. However, a 
serious blow occurred in 1947 with the destruction of many prized gardens 
and the loss of experienced people, and the pace of develoPlllent was slow 
for several years after 1947. 

Economic pressures are acute and farmers are very aware of the neces
sity for increasing production. Demands for more fruit and vegetables have 
been created by the increasing population and improvement in people's 
buying power. Significant expansion of the fruit industry took place with the 
introduction of the Kinnow mandarin in Punjab (Fig. 1.10), cultivation of 
bananas in Sindh, introduction of new apple varieties in the hilly areas of 
Punjab, NWFP, and Balochistan, and date palm cultivation in DJ. Khan 
division of NWFP and lower Balochistan. Similarly, the area under vegeta
bles expanded due to the introduction of Dutch potato varieties and hybrid 
seeds of many vegetables. The frost-free belt of lower Sindh is exploited to 
grow most summer vegetables during the winter months. Private-sector 
nurseries and seed merchants have played an important role by making 
plants and seed available for sale. 
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l'i~urc I.W. The Kinnow mandarin was inlroduced frolll Ihe USA in Ihl' 1(141),s. 

Fig. 1.1.1 shuws No. 70, a variety of potato tkvelopt:d at tht: University 

I'il(urc 1.1l. Numher 70, a white-skinned potalo variety developed al the University of 

Agriculture, Faisalabad. 

of Agriculture, Faisalabad. This is the highest-yielding potato available 
which can be stored on a small scale without cooling. The fact that cold 
storage is not needed for the seed potatoes makes No. 70 an attractive 
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choice for small farmers of Puniab and Sindh who are not now growing 
potatoes. 

Landscape gardening and floriculture have been patronized since the 
days of the Mughal emperors. But these subjects were not a part of our 
cducation and research system until the start of the B.Se. (Hons.) 
programme at West Pakistan Agricultural University (WPAU) in 1962, when 
all three disciplines of horticulture-fruit culture, vegetable growing, and 
tloriculture-were combined. Degree courses in ornamental horticulture 
were introduced. Many research topics were investigated and new plant 
materials brought from overseas. Today tloriculture and decorative horticul
ture are an important wing of horticulture with opportunities for employ
ment and husiness. Landscape horticulture is playing an important role in 
the improvement of the cnvironment in urban centres ana industrial areas. 

Two important historical mistakes need mention here. First was the 
separation of agricultural research and education in 1962, which diluted the 
impact of the scientific community on the development of agriculture in this 
country. This experiment was a failure and has alrcady bcen reversed in 
NWFP. The second important step hackward was taken hy the Punjab 
gowrnment a few years ago when they declared vegetables a non
horticulture discipline, which is against any standard international definition 
of horticulture. This has not only reduced the number of job opportunities 
for graduates iri horticulture hut has also slowed progress in research and 
teaching on vegetable crops. Because of the lack of opportunities, students 
and researchers in horticulture have given up work on vegetable crops. 

In summary, horticulture has a long history in Indo-Pakistan. The 
economic importance of fruits and vegetables, developments in research 
information, incentives like extra irrigation water, the introduction of new 
crops and varieties of fruits and vegetables, and growing concerns in recent 
years ahout the role of the environment in human life have contributed 
significantly to transforming horticulture from a pleasure or subsistence 
activity to a commercial enterprise. 11 is not inappropriate to say that the 
ancient horticulture of walled gardens has today hecome a modern industry, 
with an important role to play in feeding the world's growing population. 

1.6 Present status and future scope of horticulture 

Of the total eultivated area in this country, only about 6% is under horticul
tural crops. In the USA, the area under horticultural erops is more than 
20% of the total cultivated land. Estimates of area and production of differ
ent fruits and vegetables in Pakistan for 1990 are presented in Table 1.11. 
Of the total country-wide area planted to vegetables, 17% is under potatoes, 
I Ro/r.· under melons, IS 'Yr under chilies, 12% under onions, and the rest 
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under about 30 different vegetables. A regional distribution map of different 
fruits is presented in Fig 1.7. The province-wise distribution shown in Table 
1.12 indicates the fruit and vegetable contribution of each province. Citrus 
fruits, which rank in first position (38%), are primarily produced in Punjab 
(65%). Sindh province leads in mango production, closely followed by 
Punjab. Bananas and papayas are produced exclusively in Sindh. Grapes are 
produced mainly in Balochistan. Stone and po me fruits are grown at higher 
altitudes, especially in NWFP, Balochistan, and the Murree Hills. The 
Kashmir and FATA areas also have significant horticultural production. 
There are no statistics available on the area and monetary value of orna
mental horticulture. 

Except in the cases of potato production in Punjab, mango and banana 
production in Sindh, and melon growing both in Sindh and Punjab, most 
growers of horticultural crops are small farmers. There are 215,000 orchards 
in the country, 96% of which are between 0.5-5 ha in area and cover 66% 
of the total orchard area. Of the total area, 30% is under 5-20 ha holdings, 
and only 0.3% of the total orchards are more than 20 ha. 

Per capita consumptions of fruits and vegetables are 88 g and 90 g per 
day, respectively. The World Health Organization (WHO) recommends a 
minimum of 400 g of fruits and vegetables each day for a healthy human 
diet. This means a demand of 146 kg per head per year and 17.5 million 
tonnes for a population of 120 million. Comparing it with our present level 
of production (7.8 million tonnes), we are currently about 10 million tonnes 
short of fruits and vegetables just to provide a balanced diet to our own 
population. This estimate does not include post-harvest losses of fruits and 
vegetables, which usually run very high (25-50 percent). There are 3.7 mil
lion children added to our population every year, which is very close to the 
Malthusian theory..-Of geometric population growth. Will there be enough 
food in the next century when we reach a population of 200 million? The 
government has fixed a modest growth rate target of 6.8 percent for the 
horticulture sector by the end of this century. Imagine how many fruits and 
vegetables will be available for our people by that time! 

Fruits and vegetables are an important source of foreign exchange. We 
have been exporting potatoes, mangoes, onions, and other vegetables for a 
long time. There is now great demand for our Kinnow mandarin in the 
Middle East, Iran, and Pacific-rim countries. Recently, concentrated kinnow 
juice has become another exportable item. There has been a steady increase 
in the quantity and value of horticultural exports (Table 1.13). According to 
a report of the National Commission on Agriculture, we have a great poten
tial export market for our fruits and. vegetables (Table 1.8) in the Gulf 
alone. In most cases our exports are less than 10% of the potential market. 

The demand for horticultural products grows greater with prosperity. 
This is particularly seen in .the urban areas. In addition to their desire for 
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fresh vegetables and fruits to balance their diets, affluent people are spend
ing money on or:namental horticulture. 

The existing shortages, the losses between harvest and consumption, the 
growing population, the need for foreign exchange, and the prosperity in 
urban and industrial centres point to a very important role for horticulture 
in the future. Crops like potatoes will become an important supplement to 
our cereals as a source of carbohydrates. Nutrition consciousness and the 
desire for a balanced diet can only be met by significant increase in the 
production of fruits and vegetables. As shown in Table LlO, the annual 
growth of the industry has been very high since the 1960's. 

Bringing more area under fruits and vegetables would mean reduction 
in the area under major crops. It is not possible to go on increasingcultivat
ed acreage as has been done in the past. However, there is tremendous 
scope for increasing the productivity of our existing acreage. For example, 
the average yield of our citrus plantations is 9 t/ha as compared to 20-30 
t/ha in California, Florida, and Brazil. Similarly, our national average yield 
of potatoes is 10 t/ha against a potential of as much as 50 t/ha. The situation 
is similar tor many other horticultural crops. The overall average of vegeta
bles and fruits is 8.3 and IO t/ha, respectively. Realization of potential yields 
through short-term and long-term measures can not only fill the existing 
gap between supply and demand but also create a considerable surplus. 
There are, however, several factors which limit the productivity of horticul
tural crops. 

1.7 Factors limiting the growth of horticulture 

Chronological data on the area and production of fruits and vegetables 
(Table 1.10) show that the growt~ of horticulture has progressed very rapid
ly. Despite impressive growth, I!owever, we still remain short of the supply 

, needed to meet the minimum required standards of fruit and vegetable 
consumption. At present, yields are very low and prospects for bringing 
more area under fruits and vegetables are also not bright. There are several 
factors and constraints which can be considered both on a short-term and 
a long-term basis to improve yields and induce more farmers to grow fruits 
and vegetables. Some of them are discussed in the following paragraphs. 

1.7.1 Seed 

The cost of seed is a minor component in the total cost of production, with 
the exception of potatoes, ginger, and a few other crops. Yet the fate of all 
agricultural investments revolves around the quality and quantity of seed 
used. Unfortunately, the production, processing, storage, and distribution of 
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seed have been ignored. Most of the vegetahle and flower seed in this 

country either comes from unsalable poor-quality or perished produce, or 

is imported from abroad. There is very little indigenously produced vegeta

ble seed available. According to a reliable source, we need 2400 tonnes of 

vegetable seed annually (excluding potatoes), whereas only 83 tonnes of seed 

is produced in the country. Also. malpractices like fraudulent packaging, lack 

of guarantees, and adulteration arc prevalent in the seed business. These 

problems affect the returns of growers and sometimes force them to give up 

vegetable cultivation. Wc lack a system which can ensure the production and 

supply of good seed, a hadly needed component in the production chain. 

The most serious drawback is the failure to hreed our own varieties. 

Figure 1.12. Tissue ~ullurc, a branch uf hiotechnulugy, has become an important tool ill 

horticulture for rapid propagation and impruvement of horticultural crops. 

This is also a cause of expense in foreign currency to import seed from 

abroad. The situation is alarming for crops like potatoes, which are totally 

based on foreign introductions. The majority of commercial potato cultivars 

in use, e.g. Ultimus, Desiree, Multa, Cardinal, and Diamont, are being 

imported every year in the form of virus-free seed. The same seed could be 

produced in this country by tissue culture techniques (Fig. 1.12). We must 

solve the problem of seed by developing an indigenous technology of breed

ing, production, processing, and marketing of seeds. Provincial seed corpora

lions, Cargill and Pioneer Seeds of the USA, and a few other private sector 

companies are in the business. The results will not be significant unless 

enough research input is ensured to strengthen the seed business. 
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1.7.2 Nurseries 

Most of the plants supplied to the fruit growing industry and for ornamental 
purposes come from private sector· nurseries. There are no laws to regulate 
the nursery business in Pakistan, and any business-minded person can start 
a commercial nursery. Most such nurseries are located in big cities. For fruit 
trees, there is no system for the production and supply of rootstock seed. 
Most such nurseries lack their own supply of scion bud wood. There is no 
check on trueness-to-type (pedigree) or freedom from diseases and other 
health problems. As a result, thousands of hectares of fruit trees have been 
planted with inferior quality plants. The life span of such orchards is short 
and the yields are low. The average life of citrus groves in places like Cali
fornia is more than 50 years, whereas it is only 15-20 years in Pakistan; and 
average yields are three times higher than ours. The ultimate sufferer is the 
farmer; although the consumer also suffers from reduced supply. The poor 
returns from such plantatio~s lead the growers to uproot their orchards or 
intercrop their gardens with other crops and consider the fruit trees as a 
bonus or side business only. 

As a long-term strategy, laws must be enacted and enforced to ensure 
the supply of quality plant material. In all major citrus producing countries 
of the world, there are nursery laws. In such countries, certified bud wood 
is produced in the public sector and supplied to nurserymen. To qualify for 
business, a nurseryman is required to have a seed orchard_to ensure the 
supply of quality rootstock seed. There is a nursery wing of the agriculture 
department to enforce laws relating to fair business. Nurseries have to sell 
plants under warranty. 

1.7.3 Capital 

Horticulture is a capital-intensive industry. Highly priced inputs and invest
ments in the form of land preparation, purchase of plant materials, fertilizer, 
irrigation water, pest management, implements, skilled labour, and manage
ment costs, plus high risks make farmers hesitate to venture into horticultur
al enterprises. A fruit grower has to invest for several years before he gets 
any return. Vegetable growers face marketing uncertainties. In a small
farmer economy like ours, growers are subsistence-oriented, and food .for 
their families and fodder for their livestock are the first considerations. 
Horticulture, on the other hand, is a profit-oriented industry. One must 
invest before he expects a profit. The investment potential' of our small 
farms is neglIgible. To encourage the establishment of more farms arid to 
improve the productivity of existing small farmers in the horticultural busi
ness, capital investment must be institutionalized. Most of the successful 
horticultural entrepreneur's in the vicinity of big cities are actually investors. 
They offer good examples of return from capital investeq in horticulture. 
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Small farmers in the rural areas can also benefit if the necessary capital and 

infrastructure in the form of credit, roads, marketing facilities, etc. are 

provided to them along with technical know-how and capital incentives. 

1.7.4 Marketing system 

The marketing of horticultural produce has unique characteristics. Most 

fruits and vegetables are highly perishable, with a short post-harvest life 

measured in hours or days, and in few cases up to a few months. This forces 

thc producer or the contractor to sell the harvest as early as possible. Sea

sonal fluctuations in supply are common, with alternating shortages and 

gluts. Faced with these marketing risks, more than 97 percent of fruit grow

ers sell their standing crop to contractors. Many vegetable growers also 

engage contractors or share-croppers to market their crops. According to a 

survey of the marketing of major fruits and vegetables in Sindh and Punjab, 

the producer's share of the consumer-paid price in many cases is less than 

50 percent. Marketing intermediaries take away the rest of the return. There 

are heavy post-harvest and marketing losses, due to inadequate post-harvest 

handling and storage, and to malpractices (chungi). 

There is a need to develop the processing industry to consume the 

excess during glut periods. An excellent example is the kinnow juice con

centrate being produced by the Cargill Citrus Juices Company at Sargodha. 

Ordinarily, the kinnow is not suitable for juicing. Concentrated kinnow juice 

is now being exported and blended as an ingredient of mixed drinks. Cargill 

buys directly from the farmers, eliminating the intermediaries. This has 

stabilized the prices of kinnow in favour of the farmers. In developed coun

tries, fruit growers sell their produce through cooperatives. Farmers can be 

encouraged to undertake direct marketing if facilities like good roads, pre

chilling plants, grading and packing houses, cold storage, market intelligence 

(information on prices and fluctuations), and refrigerated transport are 

provided. With direct marketing, the benefits are shared by the producer 

and consumer only. 
A public sector organization, Agriculture Marketing and Storage Limit

ed (AMSL), has been in operation for several years with the fesponsibility 

of stabilizing the prices of perishable commodities like fruits, vegetables, and 

livestock products. AMSL has limited its activity to potatoes, onions, and 

mangoes, that too without mu~h success. The Agricultural Marketing De

partment and local market committees are responsible for safeguarding the 

interests of growers and consumers. Unfortunately, the whole system is not 

functioning properly. The consumer is paying a high price for produce, and 

the grower is not getting his due share: Market committees are supposed to 

be run by representatives of the farmers, consumers, and commission agents. 

In reality, they often belong to the influential people and city elite with 
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political clout and vested interests. As a result, the intermediaries continue to benefit. A fair return to the farmer will be available only if marketing channels arc regularized through genuine market committees. Alternatively, the farmers must create their own pressure group by marketing through their own cooperatives. 

1.7.5 Management problems 
As with any business, .management plays an important role in making farming profitable. One can make wise decisions by selecting the right kind of crop according to the soil and climatic suitCj.bility and demands, or he can waste his investment by choosing inappropriate crops. Similarly, the right time and method of sowing, proper irrigation, fertilization, pest and disease management, weed control, training and pruning of orchard trees, and intelligent harvesting and marketing decisions can all make significant differences in the profitability of farming. Most of our small farmers lack the skills and information necessary to make the best decisions. Mixed cropping is·a rule with the small farmer, making the adoption qf different management practices for each crop inefficient, since different crops will have different soil, water, climatic, and management requirements. The biggest drawback is the lack of research-based information on technology available to the farmers. There is a shortage of irrigation water, and in most cases excess water for orchards is denied. F$!rtilization has its own problems, which are discussed in a later chapter. Obnoxious weeds have limited the cultivation of melons in Gujranwala district and out-of-season tomatoes in Khushab district. Availability of virus-free seed of potatoes is dependent on import. There is no system for the production and supply of virus-free fruit plants, especially citrus and peaches. Mango malformation is a disease of unknown etiology with identification of its cause nowhere in sight. The banana crop in Sindh has been badly damaged due to diseases, the exact nature of which is still not confirmed. Both nematodes and viruses have been implicated in the serious recent attacks of banana diseases. The production of chilies and guava is also threatened by diseases. There is almost complete lack of a very efficient control system known as integrated pest management (IPM). The lack of know-how among farmers can also be attributed to an inefficient exten~ion service, which needs improvement by creating a separate setup for horticulture. 

Another serious problem is the lack of diversity in most horticultural crops. There are usually only a very limited number of eultivars or land races in use, severely limiting growers' choices. For exampll:. Kmnow mandarin is the only popular citrus variety, and it has· many drawbacks. Most eucurbits grown in this country are land races. Rootstocks used for fruit trees are also very limited in number and used without proper selection for 
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a particular environment. There is need for new crops to expand our pro

duction base. Nuts like pistachio and pecan can be grown in Balochistan. 

There are appropriate environments for cultivation of olives, strawberries, 

and kiwi fruit. Entire barani areas in the Pothwar Plateau are suitable for 

almonds. Tea, a very important import in this country, has a chance in the 

Mansehra area. Early-maturing grapes like Perlette can be grown in parts 

of Punjab. There is scope 'for vegetables like celery, asparagus, and leeks and 

for expansion of the area under sweet potatoes. 

1.7.6 Export production 

Export of fruits and vegetables can bring much-needed foreign exchange. 

The benefits of the higher prices realized by export are passed back to the 

growers. In the 1970's kinnow mandarin was exported in large quantities to 

Iran and the Middle East. The higher prices served as a catalyst for the 

rapid expansion of the area under kinnow. Similar situations ,can be created 

for many other fruits and vegetables which are in great demand in foreign 

markets. For an export-oriented production of horticultural crops, we must 

design a long-term strategy for export production. To remain in the market. 

we will have to ensure the constant supply and quality of the prod1,lce. 

In the past, our exporters have failed to establish their credibility. TheiI 

interest has been confined to earning high profit on the first consignment by 

sending poor-quality, cheap produce, and bad packaging. As a result, orders 

to such exporters were not repeated. This has not only reduced export 

possibilities, but also brought a bad name to the country. Agencies like the 

Export Promotion Bureau must be given the responsibility for quality con

trol. Farmers can be encouraged to specialize in the export production of 

specific high-quality crops and varieties of fruits, vegetables, and cut flowers 

by offering them premium prices on a contract basis. Exporters must be pro

vided special rebates, and refrigerated cargo and air-freight facilities. 

1.7.7 Public awareness 

Our people are not sufficiently aware of the importance of horticultural food 

and appreciative of its aesthetics. The human diet remains incomplete 

without the essential vitamins and minerals supplied by fruit~ and vegetables. 

An important aspect of vegetable consumption is the loss of vitamins during 

cooking, about which the general public should be educated. In recent years, 

the ornamental horticulture industry in Pakistan has expanded exponentially 

to serve the demand of urban horticulture. However, most houses still lack 

proper landscape design and environmental aspects. People are aware of 

good masonry and spend money on concrete, but are not willing to make 

provision for plants. In developed countries, urban horticulture is a well

recognized field. Increasing awareness and concern about the deteriorating 
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environment is bound to produce an appreciation for the role of plants in the maintenance of a good environment for human health. 

TABLES 

Table 1.1 Botanical and common names of varieties of some important fruits 

Botanical name 

Citrus sinensis Linn. 
Citrus paradisi Macf. 
Citrus grandis Linn. 
Citrus reticulata Blanco 
Citrus limon (L.) Burm. f. 
Citrus limetetioides Tan. 
Citrus aurantifo/ia Swingle 

Citrus limonia Osbeck 
Citrus Jambhiri Lush. 

Citrus Jambhiri Lush. 

Citrus limon Linn./C. 
limonw· Osbeck 
Citrus Jambhiri Lush. 

Citrus medica Linn. 
Citrus karna Raf. 
Citrus aurantium Linn. 
Citrus aurantium Linn. 
Citrus regu/osa Jan. 

English or 
local name 

EVERGREEN FRUITS 
Sweet orange 
Grapefruit 
Pummelo 
Mandarin/tangerine 
Lemon 
Sweet lime 
Sour lime or kaghzi 
nimboo 
Nasnaran 
Rough lemon or jatti 
khatti 
Rough lemon or jam
beri 
Sweet lemon or mithi 

Smooth lemon or 
ju/lundri khatti 
Citron or mokari 
khama khatta 
Sour orange or khatta 
Gada dehi 
Atoni 

Fortunel/a margarita Swingle 
Mangifera indica Linn. 
Anacardium occidentale Linn. 
Eugenia jambolana Lam. (Syzygium 
cumunii Skeels) 

Oval kumquat 
Mango 
Cashew nut 
Jaman 

Psidium gunjava Linn. 
Litchi chinensis Sonn. 
Phoenix dactylifera 
Cocos nucifera Linn. 

Guava 
Litchi 
Date palm 
Coconut 

Family 

Rutaceae 

Anacardiaceae 

Myrtaceae 

Myrtaceae 
Sapindaceae 
Palmaceae 



Botanical lUUIIe 

Olea europea Linn. 

Persea ameTicana Mill 

Zizyphus jujuba Lam. 

Musa sapientum Unn. 

Achras ZIlpota Linn. 

Mimusops hexendra 

Phyllanthus emblica Linn. 

Aver.rhoa carambola Linn. 

Eriobotrya japonica Lindi 

Ananas comosa Linn. 

Ficus cdriea Linn. 

Morus nigra Linn. 

Annona reticulata Linn. 

Annona cherimola Mill 

Annona muricata Unn. 

Carissa carandtzs Linn. 

Passiflora edulis Sims 

Durio zibethinus Unn. 

Carica papaya Linn. 
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Eaglish or 
local name 

Olive 

Guatemalan and 

Indian avocado 

Jujube (Chinese 

date), Ber 

Banana 

Chiku 
Khimi 

Amla 
Carambola or 

kamrakh 
Loquat 

Pineapple 

Fig 
Mulberry 

Bullock's heart or 

Ram Phol, shorifa 

Cherimoya or 

lAkshman PhaI 

Soursop or Mundla 

Kilranda 
Passion fruit 

Durian 

Papaya 

Family 

Oleaceae 

Lauraceae 

Rhamnaceae 

Musaceae 

Sapotaceae 

Euphorbtaceae 

Oxalidaceae 

Rosaceae 

Bromaliaceae 

Moraceae 

Annonaceae 

Apocynaceae 

Passiflorceae 

Bombacaceae 

Caricaceae 

DECIDUOUS FRUITS 

Pyrus malus Linn. (Ma/us sylvestris) 

Pyrus bacca/Q Linn. 

Pyrus communis Unn. 

Prunus ameTicana Marsh 

Prunus domuticll Unn. 

Prunus amygdalus Stockes 

Prunus armeniaca Unn. 

Prunus persica Sieb and Zuce 

Prunus avium Linn. 

Prunus cerasus Unn. 

Cydonia oblonga Mill 

Rubus spp. 

Rubus loganobaccus 

FragariD ananassa 

Apple Rosaceae 

Crab apple 

Pear (common) 

American plum 

Euro()(:an plum 

Almond 

Apricot 

Common peach 

Sweet cherry 

Sour cherry 

Quince 

Blackberry, Raspber- n 

ry, Dewberry 

Loganberry 

Strawberry (cultiv.) 
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Botanical name 
Fragaria virginiana Duchesne 
Vaccinium corymbosum Linn. 
Ribes hirtellum Micht 
Vitis vinifera Linn. 
Vitis labrusca Regel 
Castanea saliva 
Corylus avellana Unn. 
Corylus maxima Mill 
Carya illinoensis Kock 
Jug/ans regia Unn. 
Juglans nigra Sarg. 
Pistacia chinensis Bunge 
Pistacia vera ,Linn. 
Diospyros Kilki Linn. 
Diospyros lotus Unn. 
Punka granatum 
Grewia asiatica 

EagIish or 
IocaIlI8IIle FIUIliIy 
Strawberry (wild) '11 

'Blueberry Ericaceae 
American gooseberry Sexifragaceae European grape Vitaceae 
Eastern grape 
Mill Chestnut Fagaceae 
Hazemut Corylaceae 
Filbert Corylaceae 
Pecan Juglandaceae PeISian walnut 
Black walnut 
Chinese pistacJtio Anacardiaceae Pistachio 
Kaki persimmon Ebenaceae Amlok 
Pomegranate Punicaceae 
Fa/sa TiIiaceae 

Table 1.2 Botanical and common names of important vegetable crop!> Botanical name 
Co..oD aame(s) MONOC01'\'LEDdNEAk Gramineae (grass family) 

Zea mays var. praecox 
Zea mays var. rugosa 

Araeeae (arum family) 
Colocasia esculenta 

Liliaceae (lily family) 
Asparagus officinalis 

AmaryUidaeeae (amaryllis family) Allium ampeloprasum, Porrum Group Allium cepa 
Allium salivum 

Popcorn 
Sweet corn 

Taro or dasheen 

Asparagus 

Leek 
Onion 
Garlic 

DlCOTYLEDONEAE Polygonaeeae (buckwheat family) Rheum rhaponticum 
CbeDopodiaceae (goosefoot faaily) Beta vulgaris 

Spinacill oleracetl 
TetragoDiaeeae (c:arpet-weed 1UIiIy) Tetragonitz tetragonioides 

Rhubarb 

Beet 
Spinach 

New Zealand spinach 



Botanical name 

CruCiferae (mustard fBmiIY) 
Brassica juncea 

Brassica napus, Napobrassica Group 

Brassica napus, Pabularia Group 

Brassica oleracea, Acephala Group 

Brassica oleracea, A1boglabra Group 

Brassica oleracea, Botrytis Group 

Brassica oleracea, Capitata Group 

Brassica oleracea, Germmifera Group 

Brassica oieracea, Gongylodes Group 

Brassica rapa, Rapifera Group 

Amoracia rusticana 

Raphanus sativus 

Leguminosae (pea family) 
Pisum sativum 
Pisum sativum var. Arvense 

Vicia faba 
Phaseolus coccineus 

Phaseolus limensis 
Phaseolus lunatus 

Phaseolus vulgaris 

Vigna aconitifolia 
Vigna mungo 
Vigna radiata 
Glycine max 
Trigonella foenumgraecum 

Malvaceae (mallow family) 
Abelmoschus esculentus 

Umbelliferae (parsley family) 

Coriandrum sativum 

Daucus carota var. sativus 
Petroselinum crispum 

Apium graveolens var. dulceii 

Convolvulaceae (moruing-glory family) 

Ipomoea batatu5 

Solanaceae (nightshade family) 
Solanum melongena 
Solanum tuberosum 

Lycopersicon esculentum 

Physalis pruirlOsa 

Zingiberaceae 
Curouma longa 

Zingiber officina le 

Capsicum annum var. anllum 
Ccraslforme Group 
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Common name(s) 

Mustard (sarsQn) 

Rutabaga 
'Siberian kale 
Kale, collards 
Chinese kale 
Broccoli, cauliflower 
Cabbage 
Brussels sprouts 
Kohlrabi 
Turnip 
Horseradish 
Radish 

Garden pea 
Field pea 
Broad bean 
Scarlet runner bean 
Lima bean 
Butter bean 
Common or kidney bean 

Moth bean 
Urd 
Mung bean 
Soybean 
Fenugreek (methi) 

Okra 

Coriander 
Carrot 
Parsley 
Celery 

Sweet pota to 

Eggplant 
Potato 
Tomato 
Husk tomato 

Turmenc 
GlOger 

CherrY pepper 
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Botaniad name 
COnOldes Group 
Fasiculatum Group 
Grossum Group 
Longum Group 
Capsicum frutescens 

Cucurbitacea (gourd family) 
Cucurbita maxima 
Cucurbita pepo var. Pepo 
CitrulIus lanatus 
Cucumis anguria 
Cucumis me/o, Inodorus Group 
Cucumis me/o, Reticulatus Group 
Cucumis sativus 
Benincasa cerifera 
Luffa actangula 

Compositae (composite family) 
Cichorium endiva 
Lactuca saliva 
Helianthus tuberosus 

CommOR aame(s) 
Cone pepper 
Red cluster pepper 
Bell pepper 
Cayenne, chili pepper 
Tabasco pepper 

Winter squash 
Field pumpkin, acorn squash 
Watermelon 
West Indian gherkin 
Honeydew melon, casaba melon 
Muskmelon, Persian melon 
Cucumber 
Ash gourd (petha) 
Tori 

Endive 
Lettuce 
Jerusalem artichoke 

Table 1.3 Production of fruits and vegetables during 1990 (1000 tonnes) 
Latin North Paki-Crop World Europe America America Africa Asia stan 

Fruits 341,888 68,045 73,843 24,627 34,608 112,246 3,914 
Grapes 59,943 30,875 5,727 5,099 761 8,972 34 
Citrus fruits 73,195 8,882 27,597 9,888 2,699 689 1,593 
Bananas 45,845 442 18,945 5 5,576 1,506 217 
Apples 40,263 13,284 2,789 4,802 408 11,960 2,017 
Total nuts 4,461 963 280 890 249 1,908 58 
Root crops 597,071 100,092 48,273 21,388 116,997 
Potatoes 269,561 100,004 11,695 20,794 4,743 64,973 670 
Vegetables 441,778 71,321 21,937 33,708 18,612 249,099 3,617 and melons 

Coffee, green 5,964 3,700 1,204 992 
Tea 2,522 60 310 2,015 
Tobacco 6,634 672 737 795 332 3,847 63 

Source: 'Data from FAO Production Yearbook for 1990, 
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Table 1.4 Percentage of food nutrients contributed by five categories of horticultural foods (1957-59 averages) 

Carbo- Phos- Ribo- Ascorbic 

Food energy Protein Fat hydrate Calcium phorus Iron Vitamin A navin Niacin acid Thiamin 

8.7 7.4 .9 17.1 9.3 11.2 20.5 50.8 18.5 17.5 93.6 18.5 

'Total of citrus fruits, other fruits, potatoes and sweet potatoes, dark-green and deep-yellow vegetables and other vegetables including tomatoes. 

Source: Halfacre and Barden (1979) from C. W. Basham, Laboratory Activities in Horticulture, KendalllHunt, Dubuque, Iowa, 1976. 

Table 1.5 Composition of edible portion of selected fruits 1 

Average of all varieties in percent 
Acid1 as: 

Sugar as malic (m) Fuel valuellb 

Water Protein Fat Ash Fiber invert citric (c) (cal) 

Apples 84.1 .3 .4 .29 1.0 11.1 .47 m 290 

Apricots 85.4 1.0 0.1 .59 .6 10.4 1.19 m 255 

Avocados 65.4 1.7 26.4 1.42 1.8 0.6- 1200 

Bananas 74.R 1.2 .2 .84 .6 19.2 .39 m 445 

Blueberries 83.4 .6 .6 .28 1.2 9.7 .67 v 310 

Cherries (sour) 84.4 1.3 .5 .51 9.5 t.38 m 285 

Cherries (sweet) 80.0 1.1 .5 .60 .4 11.6 .68 m 365 

Figs 78.0 1.4 .4 .64 1.7 16.2 .17 c 395 

Grapefruit 88.8 .5 .2 .42 .3 6.5 1.16 c 175 

Grapes (European) 81.6 .8 .4 .46 .5 14.9 .47 m 335 
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Average of all varieties In percent 

Acid2 as: 
Sugar as malic (m) Fuel value/lb Water Protein Fat Ash Fiber invert citric (c) (cal) Lemons 89.3 .9 .Q .54 .9 2.2 5.07 c 200 Limes 86.0 .8 .1 .80 .5 5.90 c 240 Mulberries 82.8 1.2 .6 .84 2.0 9.4 .95 m 310 

Nectarine 82.9 .5 .1 .50 .4 11.8 1.15 m 305 Oranges 87.2 .9 .2 .47 .6 8.8 .68 c 230 Peaches 86.9 .5 .1 .47 .6 8.78 .64 m 230 Pears 82.7 .7 .4 .39 1.4 8.90 .29 c 315 
Persimmons 64.4 .8 .4 .90 1.5 18.90 .19 c 640 
Pineapples 85.3 .4 .2 .42 .4 11.90 .72 c 265 Plums 85.7 .7 .2 .51 .5 8.30 1.60 ID 255 Strawberries 90.0 .8 .6 .50 1.2 5.27 1.09 c 185 Almonds 4.8 21.0 54.9 2.00 2.0 

2940 Pecans 2.7 9.6 70.5 1.90 
3330 

Dates (cured) 23.0 2.0 3.0 1.00 72.0 Guava 
1.3 0.5 0.60 4.8 7.5 Mango 82.0 0.5 0.49 11.4 0.42 c 1. Adapted from USDA Circ. 50, Proximate Composition of Fresh Fruits and Food Products. 

., 
Expressed as malic or citric according to which was considered to predominate . 
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Table 1.6 Nutritive value of 1 pound of selected vegetable foods, as purchased, with a few other foods for comparison 

Food Phos- Vitamin WOO-

Kind of Refuse energy Protein Fat CarOOhy- Calcium phorus .7">D A. (Int'l. Thiamin flavin Niacin Ascorbic 

product (%) (cal) (g) (g) drates (g) (mg) (mg) (mg) units) (mg) (mg) (mg) acid (mg) 

Asparagus 25 90 7.5 0.7 13.3 71 211 3.1 3,430 0.54 0.59 3.9 113 

Beans, snap 10 172 9.8 0.8 31.5 '266 180 4.5 2,560 0.32 0.41 2.5 79 

Beets 25 155 5.4 0.3 32.6 92 146 3.4 80 0.11 0.17 1.4 34 

Broccoli 39 103 9.1 0.6 15.2 360 211 3.6 9,700 0.26 0.59 2.5 327 

Cabbage 27 95 4.6 0.7 17.5 152 103 1.7 270 0.23 0.21 0.9 173 

Carrots 12 179 4.8 1.2 37.2 156 148 3.2 48,000 0.27 0.26 2.0 24 

Cauliflower 55 63 4.9 0.4 10.0 45 147 2.2 200 0.21 0.22 1.2 141 

Celery 37 63 3.7 0.6 10.6 143 114 1.4 0 0.09 0.12 0.9 20 

Chard 14 98 5.5 0.8 17.2 410· 140 15.6 10,920 0.22 0.51 0.9 148 

Cucumbers 30 46 2.2 0.3 8.6 32 67 1.0 0 0.12 0.28 0.5 27 

Kale 36 144 11.3 1.7 21.0 655 180 6.4 21,950 0.35 1.01 (2.4) 335 

Lettuce, head 31 57 3.8 0.6 9.1 69 78 1.6 1,710 0.20 0.21 0.5 24 

Lettuce, all 31 57 3.8 0.6 9.1 194 63 3.4 5,060 0.20 0.21 0.5 51 

other 

Onions, ma- 6 208 6.0 0.9 44.0 137 188 2.1 210 0.15 0.10 0.6 38 

ture 

Peas, green 55 206 13.7 0.8 36.1 45 249 3.9 1,390 0.72 0.37 4.2 54 

Peppers, 16 112 4.6 0.8 21.7 42 95 1.5 2,410 0.27 0.17 1.4 457 

green 

Potatoes 16 325 7.6 0.4 72.8 42 213 2.7 70 0.40 0.15 4.4 64 
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Food Phos· Vitamin Ribo· Kind of Refuse energy Protein Fat Carbohy· Calcium pborus Iron A. (lnt'l. Thiamin navin Niacin Ascorbic product (%) (cal) (g) (g) drates (g) (mg) (mg) (mg) units) (mg) (mg) (mg) acid (mg) Spinach 18 92 8.6 1.1 11.9 301* 205 11.2 35,040 0.44 0.90 2.6 219 Squash, sum· 3 83 2.6 0.4 17.2 66 66 1.8 1,140 0.18 0.23 5.0 75 mer 
Squash, win· 26 147 5.0 1.0 29.6 64 94 2.0 16,640 0.16 0.26 1.9 28 ter 
Sweet pota· 14 488 7.0 2.7 108.8 117 191 2.7 30,030 0.37 0.23 2.8 86 toes" 
Tomatoes 12 91 4.0 1.2 16.0 44 108 2.4 4,380 0.24 0.16 2.5 93 Turnip greens 16 140 11.0 1.5 20.6 987 190 9.1 36,370 0.37 2.15 2.9 518 Turnips 18 136 4.8 0.8 28.0 158 .134 2.0 20 0.26 0.24 1.8 113 

For comparison: 
Whole-wheat 0 1,187 43.1 15.9 217.9 (272) 1,680 11.8 (0) 1.28 0.70 16.1 0 bread 
Milk, whole 0 312 15.9 17.7 22.2 536 422 0.3 (720) 0.16 0.78 0.5 6 Eggs 11 636 51.7 46.5 2.8 218 848 10.9 4,590 0.47 1.35 0.3 (0) Round steak 11 789 78.0 53.0 0.0 44 840 11.7 (0) 0.48 0.61 21.0 0 Apples 12 258 1.2 1.6 59.6 24 40 1.2 360 0.15 0.08 1.0 18 Oranges 28 164 2.9 0.7 36.6 108 75 1.3 (620) 0.25 0.08 0.8 162 "Based on yellow corn. 
"" If only pale varieties were used, the Vitamin A value would be lower. 
Source: Adapted from USDA Miscellaneous Publication, No. 572. 



Table 1.7 Average net return per acre for sample grower-marketers (Rs.) 
Insectlcides/ 

Crop Cost of seed Fertilizer Pesticides Packing Transport 
Apples 16 50 1,067 780 Plums 

5,357 2,260 Apricots 266 107 3,303 1,119 Pears 
4,049 1,832 Tomatoes 139 106 111 2,230 697 Okra (lady fingers) 173 115 58 404 115 Peas 259 103 207 362 414 Potatoes 1,778 227 64 424 1,482 Watermelons 79 151 1,131 Muskmelons 147 221 

Source: Integrated Development of Horticulture of NWFP for Export, January 1986. 
1,147 

Table 1.7(b) Net returns per acre and per 40 kg of wheat and rice 
Wheat 

Item 
Vleld per acre (kg) 
Price per 40 kg (Rs.) 
Gross returns/acre (Rs.) 
Net returns/acre (Rs.) 
Gross returns/40 kg (Rs.) 
Cost/40 kg (Rs.} 
Net returns/40 kg (Rs.) 

Sample 
1,018.80 

56.30 
1,433.96 
-177.52 

56.30 
-63.27 
-6.97 

Normal 
1,111.09 

56.30 
1,563.86 

-47.62 
56.30 
58.01 
-1.71 

Source: Department of Farm Management, University of Agnculture, Faisalabad. 

Marketing Total 
977 280 

4,520 12,137 
2,077 6,872 
2,506 8,387 
1,472 4,755 

519 1,384 
103 1,448 

1,138 5,113 
528 1,889 
618 2,133 

Sample 
994.00 
80.81 

2,008.13 
192.11 
80.81 
73.08 
7.73 
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Gross receipt 
10,214 
22,741 
20,640 
12,960 
12,710 
7,612 

10,963 
17,955 
7,966 

20,618 

Rice 

Net return 
7,m 

10,604 
13,768 
4,573 
7,955 
6,228 
9,515 

12,842 
6,077 

18,485 

NOfDlal 
909.61 
80.81 

1,837.64 
21.62 
80.81 
79.86 
0.95 
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Table 1.8 Pakistan's production and exports of fruits and vegetables 
compared to Gulf imports 

Pakistan Gulf ,Pakistan Gulf Pakistan 
Pak, prod. exports imports exports imports exports 

Products 1987-88 1984-85 1992 1992 2000 2000 
Processed 624· 30 1150 115 

Vegetables 631 30 1300 130 
($ million) 
Fruit juices 631 30 1300 130 
($ million) 

Fresh vege- 3650 81 1230 147 1840 220 
tables 
(000 MT) 
Chi lies 97 10 80 20 100 25 
Onions 515 66 255 85 275 95 
Potatoes 543 188 20 240 24 

Peas 68 7 10 2 
Others 2427 5 700 21 1215 74 

Fresh fruits 3500 59 1529 260 2000 525 
(000 MT) 

Citrus 1373 29 471 160 700 200 
Mangoes 692 8 60 30 200 140 

Dates 235 12 50 20 70 35 

Others 1200 10 948 50 1030 150 

Source: Report of the National Commission on Agriculture, 1988. 

Table 1.9 Important events in the history of horticulture in Indo-Pakistan 
Year 

1905 

1909 

1925 

1927 

1928 

1931 -35 

Event 

The Royal Commission on Agnculture In IndIa recommends development of 
frUIt industry on SCIentific lines. 

Agnculture College and Research Institute along with network of stations 
established. 

First fruit specialist appointed, and research on vegetables under professor of 
botany started. 

A 25 acre experimental frUIt garden established. 

Area under fnllts in United Punjab 12,800 acres. 

Regional expenmental fruit gardens; establishme~t of canning hall and Juice 
plant. 



Year 

1938 

1940 

1947 

1948 

1962 

1977 

1978 

1979 

1981 

Present 

Table 1.10 

Fruits 
Citrus frUIts 
Mango 
Guava 
Date palm 
Apple 
Banana 
All frUIts 
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Event 

Establishment of fruit plant nurseries; initiation of annual fruit show; initia
tion of a vernacular training class in horticulture (mali class) to produce 
skilled labour and a tralDing course ID fruIt preservation, installation of a 
cold storage for research, horticulture as a major subject offered to B.Sc. 
(Agri.), establishment of a rootstock experiment station at Sahiwal, a proge
ny garden at Resalewala, manuring experimental at Atari (India), a new 
substation for hilly fruIts at Palampur (India), which is now an agriculture 
umversity. 

Post graduate tralDing in horticulture started. Punjab 
cooperative Fruit Development Board started to function. 

Area under fruits ID United Punjab 103,983 acres, partition of India, 58,000 
acres to the share of East Punjab. Area in Pakistan (West 120,000 acres 
about 6,000 acres destroyed due to disturbances). 

Establishment of agriculture colleges on the pattern of Lyallpur at Peshawar 
and Tandojam. 

Establishment of West Pakistan Agriculture Umversity, Lyallpur, separation 
of research from education. 

Estabhshment of Agriculture Umverslty at Tandojam. 

Agncultural College at Bahauddin Zakariya Umverslty, Multan 

PARC/NARC. Agnculture College at Gomal University. 

Upgrading of Peshawar University'S College of Agriculture to NWFP Agri
cultural UniverSIty at Peshawar. 

Punjab: Director of Horticulture, DIrector of Vegetable Crops, DIrector of 
Floriculture, and several regional offices and stations both in research and 
extension. 

Sindh: Important statIOns at Tandojam and Mirpur Khas. 

NWFP: Tarnab (Peshawar), Swat, Abbottabad, and D.I. Khan. 

Balochistan: Sari ab -developments takmg place under FAO Programs. 

Horticulture wlDgs in most government and autonomous bodies like PIA, 
State Bank, ADA, CDA, LDA, KDA, and many other civic bodies. 

Area and production of major fruits and vegetables in Pakistan, 
1960-1990 (area '000' ha, production '000' tonnes) 

1960 1970 1980 1990 

Area Prod. Area Prod. Area Prod. Area Prod. 
14.3 88.0 44.5 487.1 94.5 926.2 171.1 1576.3 
20.6 130.0 57.1 543.5 57.2 546.6 82.7 766 

3.2 18.9 14.7 89.5 173 123.6 46.2 347.~ 

21.4 194.5 24.2 194.1 41.8 284.1 
0.8 9.4 5.1 33.7 11.4 107.4 22.4 232.4 
1.2 2.C 10.7 101.1 14.2 130.8 23.5 209.8 

305.8 2532.0 449.8 3881.8 
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1960 1970 1980 1990 
Fruits Area Prod. Area Prod. Area Prod. Area Prod. 
Vegetables 
Onion 25 80 17.5 186.6 43.2 447.6 58.6 712.9 
Garlic 3 8 1.9 24.2 4.9 36.9 5.7 48.3 
Chilies 71 26 36.2 56.8 64.0 106.2 71.0 125.5 
Coriander 2.8 11.0 4.9 2.0 7.2 3.3 
Turmeric 0.8 7.4 4.2 31.2 3.3 26.9 
Potato 31 99 23.4 241.3 38.0 394.3 80.0 830.9 
Tomato 11.6 92.1 19.3 193.8 
Sugar beet 12.6 259.9 15.7" 452.5 11.0 342.8 
Other vege- 239 643 126.9 1660.9 123.4 1549.4 206.3 2750.8 tables 

Source: 1980 and 1990 data from Agricultural Statistics of Pakistan, 1989-90:86,102. 

Table 1.11 Area, production, yield per hectare, and percentage share of 
major fruits and vegetables in Pakistan (1989-90) 

Percentage share of Fruits and Area Production Yield total fruit and vege-
vegetables (1000 ha) (1000 tonnes) (tonnes/ha) table area 

Fruits 
Citrus fruits 171.1 1576.3 9.2 38.0 
Mango 82.7 766.0 9.3 18.4 
Guava 46.2 347.3 7.5 10.3 
Dates 41.8 284.1 6.8 9.3 
Banana 23.5 209.8 8.9 5.2 
Apple 22.4 232.4 10.4 5.0 
Other 62.1 455.9 13.8 
All Fruits 449.8 3881.8 100.0 

Vegetables 
Onion 58.6 712.9 12.2 12.7 
Garlic 5.7 48.3 8.4 1.2 
Chilies 71.0 125.5 1.8 15.4 
Coriander 7.2 3.3 0.5 1.6 
Turmeric 3.3 26.9 8.3 0.7 
Potato 80.0 830.9 10.4 17.3 
Tomato 19.3 193.7 10.0 4.2 
Sugar beets 11.0 342.8 31.3 2.4 
Other vegetables 206.3 2750.8 44.6 
Total 462.4 5035.1 100.0 
Source: Agricultural Statistics of Pakistan (1989-90). 
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Table 1.12 Province-wise distribution of area and production of fruit and 
vegetables in Pakistan (1989-90) 

Area % of total Production % oflotal Yield 
Province (1000 ha) area (1000 tonnes) production (tonnes/ha) 

Fruits 
Punjab 293.5 65.25 2550.8 65.71 8.69 
Sindh 83.3 18.52 617.8 15.92 7.41 
NWFP 26.4 5.87 293.5 7.56 11.11 
Balochistan 46.6 10.36 419.7 10.81 9.00 
PakIstan 449.8 100 3881.8 100 8.63 

Vegetables (plus potato and sugar beet) 
Punjab 177.1 59.57 2383.7 60.74 13.46 
Sindh 32.2 10.83 191.2 4.87 5.94 
NWFP 51.5 17.32 ~16.3 20.80 15.85 
Balochistan 36.5 12.28 533.3 13.59 14.61 
Pakistan 297.3 100 3924.5 100 13.20 
Source: Agricultural Statistics of Pakistan, 1989-90, p. 45, 84, 86, 102. 

Table 1.13 Quantity and value of fruit export from Pakistan 

Year Quantity (1000 tonnes) Value (million Rs.) 
1984-85 66.1 243.2 
1985-86 96.4 483.7 
1986-87 103.9 542.1 
1987-88 104.4 644.4 
1988-89 96.0 681.9 
1989-90 101.4 785.3 
Source: Agricultural Statistics of Pakistan (1989-90), p. 239. 

Table 1.14 

Commodity 
Mango 
CItrus 
Potato 
Carrot 
Cauliflower 
Onion 
B.mjal 
Okra 

Marketing losses of produce and producers' share in consumer 
paid price of major fruits and vegetables 

Marketing losses (%) Producers' share (%) Marketing margin· (%) 
13.74 52.44 47.56 
20.77 43.48 56.5~ 

42.00 58.00 
47.00 53.00 
58.00 
59.00 
55.00 
62.00 

42.00 
41.00 
45.00 
38.00 

• Marketing margins are earned by intermediaries like contractor, commission agent, phoria, and retailer. 
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STUDY QUESTIONS 

1. What is horticulture? Discuss both in the light of classical views and the 

modern outlook. 

2. Differentiate between a fruit and vegetable. Name some important 

fruits and vegetables, and specify their original distribution in Pakistan. 

3. List up to ten each of fruits, vegetables, and ornamental plants, sub

categorized as deciduous and evergreens. 

4. What is the role of foreign introductions in the history and development 

of horticulture? Discuss specific examples for Pakistan. 

5. Name and discuss some fruits and vegetables which have a totally 

indigenous origin. 

6. Work out cost of production and returns for different horticultural 

crops according to Table 1.7. 

7. What is a balanced diet? Explain the role of fruits and vegetables in our 

daily diet. 

8. How can awareness and appreciation of different branches of horti

culture improve our lives? 

9. Discuss the significance of post-harvest and marketing losses. 

PRACTICAL EXERCISE 

Practice identifying and giving both the common and botanical names 

of important horticultural plants. 
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2. MORPHOLOGY AND ANATOMY OF FLOWER 
AND FRUIT 

Altaf-ur-Rehman Rao 1 

LEARNING OBJECTIVES 

After studying this chapter, the student should be able to: 

• Name the parts of a typical flower and discuss their functions 

• Discuss the stages of embryo development 

• Outline the stages of seed formation 

• Explain the processes of fertilization and fruit formation 

• Explain how fruits are classified 

Morphology is the study of the form' and external structure of organisms, 
both plants and animals. Other related fields of study are: 

Anatomy: the area of morphology which deals with the internal structure 
of root, stem, leaf, ovary, ovule, fruit, and seed. 

Ontogeny: study of the life cycle of a plant including developmental stages 
of plant organs. 

Histology: study that deals with the microscopic structure -of tissues. 

Phylogeny: study of a race or plant type or species in relation to its evolu
tionary history. 

2.1 Flower morphology 

2.1.1 Vegetative and protective parts 

Angiosperms, flower-bearing plants with enclosed seed, are the largest, most 
widely spread, and most advanced group of plants. They originated nearly 
120 million years ago and came to dominate most parts of the world. During 

IDr. Rao is Professor, Department of Botany, University of Agriculture, Faisalabad. 



54 Altaf-ur-Rehman Rao 

this period, along with the plants, the flower itself has undergone gradual 
evolutionaryehanges. As a result of this, the shape, size, and structure of the 
flower has become highly variable. Wolffia (duckweed) produces the smallest 
flower (0.1 mm in diameter) while Rafflesia, a root parasite of Java/Malaya, 
has a flower more than a metre in diameter. 

The word 'flower' suggests variable curolla colour patterns, fragrance, 
scent, beauty, charm, and honey-laden nectaries. However, these are the 
characteristic features only of showy entomophilous flowers which have to 
attract insects as their pollinating agents. On the other hand, a large number 
of anemophilous and hydrophilous flowers, whose pollinators are wind and 
water, respectively, have neither scent, honey, or coloured corollas, but are 
green, because they do not need to attract insects. 

The flower, a modified vegetative shoot, has become highly specialized 
over th(( ages. It still compares closely with an ordinary vegetative shoot in 
its morphology. Like an ordinary shoot, the flower also arises in the axil of 
a leaf (bract). Its thalamus is a branch with shortened internode, as a result 
of which floral leaves get crowded on it. Floral buds may sometimes be 
replaced by vegetative buds or vice versa. The calyx and corolla sometimes 
remain green and resemble foliage leaves, as in the green rose. In certain 
plants, stamens get transformed into petals and vice versa. In some Astera
ceae and Rosaceae, the carpels may be modified into leafy structures or 
stamens, respectively and vice versa. Thus there are inseparable relationships 
between floral elements and foliage leaves. 

Calyx, corolla, androecium, and gynoecium are the four floral whorls of 
a typical flower. Non-floral parts like nectaries close to the corolla and 
bractslbracteoles may be present on the thalamus. The number of floral 
parts in monocotyledons and dicotyledons is generally a whole number 
multiple of three or five, respectively. The flower is classified as complete 
when calyx and corolla are present; when either one or both of them are 
missing, it is incomplete. The calyx and corolla together are called the 
perianth. When calyx, corolla, and androecium are inserteq below the carpel 
(gynoecium), the flower is called hypogynous, or having a superior ovary. 
When the floral parts are inserted above the ovary, the latter is called 
epigynous, i.e. having an inferior ovary. 

The flower is bisexual (hermaphrodite or perfect) when both the repro
ductive parts, i.e. stamen and carpel, are present. It is unisexual when only 
one sex is present: staminate when only stamens are present and pistillate 
when only the carpel is there, as in cucumbers and gourds. When the stamen 
is non-functional the flower is called staminode; when both sexes of the 
flower are non-functional it is called neuter. When male and female flowers 
are present on separate branches of the same plant it is known as monoe· 
cious, e.g. cucurbits, pinus; when male and female flowers are borne on 
separate plants the species is called dioecious, e.g. date palm, papaya. 
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Some specialized forms of corolla characterize certain families. 

1. Cruciform. The corolla has four clawed petals inserted at right angles 

to each other, e.g. radishes, Brassicas. 

2. Rosaceous. The corolla has five petals (sometimes more in cultivated 

roses). The claw of the petal may be small or absent, e.g. rose, apple. 

3. Tubular. When the united corolla forms a tube-like structure, e.g. disc 

floret of sunflower. 

4. Rotate or wheel-shaped. The corolla tube is short, and its limbs are at 

right angles to the tube below and appear wheel-shaped, e.g. Cestrum 

noctumum (night jasmine or raat Id rani), Solanum nigrum (mako). 

5. Papilionaceous. Butterfly-shaped corolla where three' sizes and shapes 

of petals are present in a single flower, e.g. pea family (Papilionaceae). 

6. Bilabiate or two-lipped. The united corolla appears to be divided into 

two lips, e.g. Ocimum basilicum (niazboo). 

7. Personate. A united corolla, the two lips of which are close to each 

other towards the mouth of its tube, e.g. Antirrhinum (kutta phool). 

2.1.2 Reproductive mechanism 

In addition to two vegetative and protective parts, the calyx and corolla, the 

flower has two reproductive parts. They are the stamens (male.= androe

cium) and carpel or pistil (female = gynoecium). Stamens usually consist of 

a long filament and an anther. The anther has two lobes, each containing 

two chambers (anther sacs). It produces a large number of pollen grains with 

a haploid number of chromosomes. The carpel consists of the stigma, style, 

and ovary, an enlarged basal part having one or more ovules attached to the 

placentae in its cavity. 
Gametogenesis. The stamen consists of one filament, two anther lobes 

containing two pollen sacs each (four total), and a connective tissue. The 

pollen sacs may be one-chambered (monothecous), two-chambered (bithe

cous) or, rarely, four-chambered (te tra thecous). Mter meiotic division of the 

pollen mother cells, a large number of pollen grains are produced. On 

maturity, the anther lobes burst open, forming a pore through which the pol

len grains are released. 
Pollination. The transfer of the pollen grains to the stigma is known as 

pollination. Insects, animals, wind, and water are the main agents of pollina

tion. Pollination is of two types. 1) Self-pollination or autogamy is transfer 

of the pollen grains of a flower to the stigma of the same flower or flowers 

of the same plant. 2) Cross-pollination or allogamy is transfer of pollen 

grains to the stigma of flowers of another plant. In nature, cross-pollination 
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is very important and prevalent. Self-pollination also occurs in nature, but 
usually in cultivated plants like wheat, rice, and cotton most of the progeni
tors are cross-fertilized. Many plants have evolved special devices adapting 
them to cross-pollination. On the other hand, the small flowers of the pea, 
peanut (groundnut or moongpha/i) and pxalis do not open up at all (c1eisto
gamy), thus ensuring self-pollination. 

Embryo sac. One or more ovules develop on the placentae inside the 
ovary. A cell from the nucellus enlarges itself and undergoes meiosis to form 
four megaspores with a haploid number of chromosomes. Three of these 
degenerate, and the nucleus of the survivor divides mitotically into two parts, 
one of which moves to the upper and the other to the lower pole. Each 
nucleus divides twice more, increasing the number of nuclei to eight, four 
in each of two groups. One nucleus from each group 'moves towards the 
centre, and both fuse to form one nucleus with a diploid number of chromo
somes (n+n = 2n). This is called the definitive nucleus. The three nuclei at 
the micropylar end enclose themselves with a thin wall, forming the egg 
apparatus; while the other three at the chalazar end form the antipodal cells. 
Thc'egg apparatus is the ovum or oosphere, the female gamete. The remain
ing two cells are called synergids or helping cells. On fertilization, the egg 
cell givcs rise to the embryo, and the synergids disintegrate. Similarly, the 
antipodal cell~ have no function and disintegrate. On fertilization, the defini
tive or secondary nucleus forms the endospermic nucleus, developing into 
the endosperm of the seed with a triploid (=3n) number of chromosomes. 

Types of ovule. The following four types of ovule are found (Fig. 2.1). 
1. Orthotropous (straight): The ovule is erect or straight, and its funicle, 

chalaza, and micropyle lie in one vertical line, e.g. Polygonum (hazar
dani), walnut, pepper, and spinach. 

2. Anatropous (inverted): The ovule bends back along the side of the 
funicle so that the micropyle comes close to the hilum, micropyle, and 
chalaza, but not the funicle, which lies in the same straight line; this is 
the commonest form of ovule. 

3. Amphitropous (transverse): The ovule is placed transversely, at right 
angles to its funicle, as in Chenopodium (bathu). 

4. Campylotropous (curved): The ovule is transversed and bent like a 
horseshoe. The micropyle and chalaza are not in a straight line, e.g. 
peas, beans, and radishes. 

Placenta. The placenta is a parenchymatous outgrowth in the inner wall 
of the ovary, to which the ovules are attached. Placentae may develop along 
with the marginal suture at the base or apex of a carpel. The arrangement 
of placentae inside the cavity of the ovary is called placentation. The origin 
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Orthotropous Amphitropous 

Anatropous Campylotropous 

Figure 2.1 Types of ovules 

of one or more ovules inside the ovary determines this phenomenon. Ac
cordingly, eight major types of placentation are found (Fig. 2.2). 

1. Marginal: A simple and common type of placentation. The ovary is 
single-chambered, and placentae develop along the ventral suture, e.g. 
peas, gram, pulses, and buttercup. 

2. Axile: The ovary is multilocular, and the number of loculi corresponds 
to the number of carpels. Placentae develop from the central axis, 
hence the name axile. This structure is found in citrus, tomato, and 
shoeflower. In tomato, false partition of the ovary doubles the number 
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o o 
Basal Marginal Parietal 

Free-central Axile Superficial 

Pendulous Central 

Figure 2.2 Types of placentation 
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of loculi to four. 

3. Parietal: The ovary is single-chambered and placentae develop on its 

inner wall corresponding to the number of united carpels, e.g. in poppy 

and Brassica. In Brassica a unilocular ovary becomes bilocular because 

of the development of a false septum, called the replum. 

4. Central: The partitioning walls of a young multilocular ovary break 

down, giving rise to a unilocular ovary. The placentae bearing ovules 

remain attached to the central axis, as in Seponaria and Stetlaria. 

5. Free central: Numerous ovules develop on an enlarged central axis 

bearing ovules all around its surface; the placentae develop from the 

base of the ovary, e.g. Primula, Anagallis (billi booti), and Silene (takla). 

6. Basal: The ovary is unilocular, and a single ovule develops at its base, 

e.g. in wheat, rice, and sunflowers. 

7. Superficial: The ovary is compound and multilocular; ovules develop 

all around the inner surface of the partitioning walls, e.g. water lily. 

8. Pendulous: A single ovule is attached to the top of a single-<hambered 

ovary like a pendulum, e.g. coriander and carrot. 

2.1.3 Fertilization and formation of seed 

Fertilization is the fusion of male and female gametes. In flowering plants, 

a pollen grain, a product of meiosis with haploid (halved = n) number of 

chromosomes, is enclosed by two protective layers. The outer rough layer is 

called the exosporium (extine) and inner thin layer the endosporium (in

tine). The pollen grain may start germination before or soon after it is 

transferred to the stigma of the ovary. On germination, the nucleus of the 

pollen grain divides into two unequal nuclei. The smaller nucleus further 

divides into two male gametes; after this, the pollen tube has three nuclei. 

These nuclei are naked and non-motile. The pollen tube, while germinating, 

penetrates inside the canal of the style and, through the micropyle, into the 

ovule located inside the cavity of the ovary. The tip of the pollen tube, after 

coming in contact with the embryo lIac, swells and bursts open, releasing the 

two male gametes. One of them fuses with the female gamete (oosphere) to 

form the zygote (oospore), while the other male gamete fuses with the 

secondary nucleus to form the endosperm. This phenomenon, in which one 

male gamete fuses with the oosphere and the other with the secondary 

nucleus, is known as double fertilization. 
Development of embryo. After fertilization, the zygote (oospore) divides 

into two cells, and subsequently both divide again and again pruducing a 

tissue known as the proembryo. The upper terminal cell of the oroembryo 
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is called the embryonal cell, while the remaining portion forms the suspen
sor. The embryonal cell develops into an embryo by dividing itself at right 
angles after producing eight cells (octants). Four of them stay close to the 
suspensor, and the other four move away from it. All of them enlarge and 
undergo repeated divisions. The four lower cells lying close to the suspensor 
give rise to the plumule and two cotyledons, while the distant cells give rise 
to the hypocotyl. The uppermost cell of the suspensor, called the hypophy
sis, develops into the apical growing point of the radicle. 

Development of endosperm. The secondary nucleus, a product of three 
nuclei, with a triploid number of chromosomes (=3n), produces a large 
.number of small nuclei after repeated divisions through a process of free cell 
formation, giving rise to endosperm or albumen. The nucellus supplies food 
to the endosperm which then enlarges. After enlargement, the endosperm 
crushes the nucellus, reducing it to a very thin layer called perisperm. 

Formation of seed. Endospermic seeds store their food material in the 
albumen or endosperm, while their cotyledons remain thin, e.g. wheat and 
maize. In non-endospermic seeds, storage of food material takes place in 
the cotyledons, which become heavily ttickened (e.g. soybean), while the 
endosperm may be reduced or disappear. The outer integument of the ovule 
shrinks and forms the seed coat, called the testa, whereas the inner integu
ment remains thin and develops into the tegmen. The micropyle of the ovule 
persists, and an outgrowth of the funicle forms the aril. A scar left by the 
funicle is called the hilum. 

2.2 Fruit development and morphology 

2.2.1 Definition of fruit 

The definition of 'fruit' presents certain difficulties. In simple botanical 
terms it is customary to say that a fruit is the product of the matured or 
ripened ovary (gynoecium). However, both stigma and style may also play 
a part in fruit formation. There are also many instances where other floral 
parts- the floral receptacle, calyx, even the axis of inflorescence-may also 
contribute towards fruit formation. These organs may develop simultaneous
ly with the development of the gynoecium and become an integral part of 
the ripened fruit. When distinguished botanically, such structures are known 
as false or spurious fruits. The func ion of a fruit is to develop, protect, 
nourish, and ultimately disperse the seeds contained in it. 

The horticultural consumer's definition of fruit is a plant product with 
aromatic flavour which is either naturally sweet or normally sweetened 
before eating. 
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2.2.2 Changes during fruit development 

Physical changes. Soon after fertilization, shedding of some floral parts 
takes place. Among them, the corolla and androecium are the first to fall. 
In certain cases the calyx may persist with the fruit until its maturity, e.g. in 
tomato, apple, citrus, and guava. In rare cases, the stigma and style may also 
become persistent, e.g. clematis. During the development of the embryo, the 
number of cells increases tremendously. Consequently, this triggers further 
changes in the size, shape, and physical appearance of the fruit. 

The ovary wall develops into the pericarp (pen 'around', carp 'fruit'). 
While in flower, the ovary wall consists of little-differentiated parenchyma 
cells, vascular tissues, and outer and inner epidermal layers. During matura
tion, the pericarp frequently shows an enormous increase in the number of 
cells; its tissue may either remain relatively homogeneous or differentiate 
into parenchyma and sclerenchyma. The pericarp of succulent fruits when 
developed may become differentiated into three parts, more or less distinct 
morphologically: (1) epicarp or exocarp, (2) mesocarp, and (3) endocarp, 
which are the outer, median, and inner layers of the fruit wall, respectively. 
However, not all these layers occur in all dry fruits. Sometimes only two 
layers, i.e. epicarp and endocarp, may be distinguishable. In citrus fruits, the 
epicarp (ftavedo) and mesocarp (albedo) differentiate into distinct layers, but 
the endocarp forms separate chambers in which placental hairs store food 
material and become succulent. These distinctions are useful for the classifi
cation of succulent fruits. 

Chemical changes. Towards maturity the chemical changes that take 
place in the fruit involve pericarp colour, carbohydrates, organic acids, 
nitrogenous compounds, aroma (volatile chemicals), and vitamins. During 
ripening, in addition to an increase in water content, chlorophyll is destroyed 
and anthocyanin and carotenoid pigments develop. Chlorophyllases brings 
about certain changes which induce different colours such as bright-green, 
olive-green, brown, and variedly coloured, or even colourless. In tomato, on 
the destruction of chlorophyll, synthesis of carotenoids occurs; a similar 
change is noticeable in banana. In response to light, anthocyanins and 
carotenes in apple skin develop red or purple colours. Anthocyanins are 
generally water soluble and accumulate in the vacuoles of cells. 

Carbohydrates present as starches change into different types of sugars, 
altering the taste and texture of the fruit. This is one fundamental change 
that makes the edible parts of the fruit sweet. The majority of fruits have 
fructose, but sucrose is found in dates. Pectin, protopectin, and hemicellu
loses break down and weaken the cell walls, as a result of which fruit tissues 
are softened. 

The level of organic acids (e.g. ascorbic acid, malic acid in apple, and 
citric acid in mango) declines during ripening, and these substanc:es arc 
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converted into sugars. Banana and pineapple have lower acid levels than 
other fruits. Nitrogenous compounds also show conspicuous changes. Amino 
acid level also decreases as they get incorporated into protein synthesis, 
however, the level of free amino acids rises at the verge of senescence. The 
aroma developed by volatile organic compounds tremendously improves the 
eating quality of fruits. 

On maturity, several vitamins develop, prominently ascorbic acid (vita
min C), thiamine (B}), and riboflavin (B2). Their peak level, however, de
clines quantitatively during storage, the level of thiamin and riboflavin 
changing least. 

2.3 Classification and morphology of fruits 

2.3.1 Descriptive classification of fruits 

Figures 2.3-2.8 diagram the fruit types described in section 2.3.1. 

I. Simple fruit. Fruit or fruitlet develop from one or more syncarpous 
carpels of a single flower; other floral part(s) may also be incorporated. 
It may be dry or succulent. 
A. Dry fruit. Gynoecium is composed of one or more united carpels, 

but pericarp remains dry at maturity. Dry fruits are of two types: 
(1) dehiscent, anp (2) indehiscent. 
1. Dehiscent fruits. Pericarp splits open at maturity to release 

the seeds. Following are the important types (Fig. 2.3). 
a. Follicle. Dehisces longitudinally along with the dorsal 

suture only, many-seeded; fruit develops from only one 
carpel. e.g. Delphinium (larkspur). Phylogenetically, a 
follicle is considered the most primitive type of fruit. 

b. Legume. (Pod) Generally dehisces longitudinally along 
with both the sutures (ventral and dorsal) into two halves 
e.g. pea, bean, gram. 

c. Capsule. Develops from two or more united carpels, 
many-seeded and dehisces in several ways, e.g. cotton, 
poppy. 

d. SUique. Along, many-seeded fruit developing from two 
united superior carpels with parietal placentation. Splits 
open longitudinally. Unilocular ovary becomes bilocular 
due to development of a false septum called replum, e.g. 
radish, mustard. 

e. Silicula. A flattened and much shorter silique, nearly as 
broad as long, and contaiping only a few seeds, e.g. 
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Legume 

Silique 

Follicle 

SilicuJa 

Capsule 

Figure 2.3 Simple dry dehiscent fruits 
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Caryopsis Achene Cypsela 

Nut Samara 

Figure 2.4 Simple dry indehiscent fruits 
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Coronopus didymus (jangli halon). 
2. Indehiscent fruits. Pericarp does not split open at maturity 

(Fig. 2.4). 
a. Achene. Pericarp is thin, dry, hard, and free from its sin

gle seed. Achenes may form an aggregate of fruitlets when 
developing from an apocarpous ovary, e.g. buttercup, 
clematis (persistent hairy style). 

b. Cypsela. A dry single-seeded fruit developing from a 
single-chambered bicarpellary inferior ovary surrounded 
by other flor~l tissues, e.g. sunflower (Asteraceae). 

c. Caryopsis. One-seeded seed-like fruit where testa is 
fused firmly to thin pericacp, e.g. wheat, maize, and rice. 

d. Nut. Structure resembles an achene, but is much larger; 
dry pericarp becomes thick and hard, e.g. chestnut, oak. 

e. Samara. One or two-seeded fruit developing from a 
superior bi- or tricarpellary ovary with the pericarp form
ing the wings .. 

3. Schizocarpic fruit. Developing from two or more united car
pels each splitting into indehiscent one-seeded parts called 
mericarps. The mericarp may be attached to the prolonged 
end known as carpophore. These are of four types (Fig. 2.5): 
a. Loment. A legume in which single-seeded parts are con

strkted or partitioned, e.g. Acacia (kikar), Albizzia (sins). 
b. Cremocarp. A two-chambered fruit developing from a 

bicarpellary inferior ovary where each chamber splits 
apart on ripening, e.g. carrot, coriander. 

c. Regma. Trilocular ovary when ripe splits into three sin
gle-seeded parts, e.g. castor. 

d. Carcerullus. Develops from a poly-carpellary superior 
ovary which separates into many single-seeded parts. Al
thaea rosea (gul-e-khaira). 

e. Double samara. Develops from a bicarpellary syncarpous 
ovary where two winged single-seeded parts separate on 
maturity, e.g. Acer (maple). 

B. Fleshy or succulent fruit. Develops from a simple or compound 
superior or inferior uni- or multilocular. ovary, with one or more 
seeds. The pericarp is pulpy or fleshy due to the storage of food 
material (Fig. 2.6). 

C. Drupe or stone fruit. Pericarp distinctly three-layered; epicarp 
thin, forming the skin; mesocarp fleshy, usually the main edible 
portion; endocarp (pip or stone) is hard and stony enclosing single 
seed; e.g. mango, sweet cherry, apricot, peach, and almond. 
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Loment Cremocarp Regma 

Carcerullus 
Double Samara 

Figure 1.5 Simple schizocarpic fruit 
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Drupe Berry 
Pepa 

Pome Hesperidium 

Figure 2.6 Succulent fruit 
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1. Pome. Two or more chambered false fruit developi~g from a 
syncarpous inferior gynoecium. Fleshy and edible thalamus. 
surrounds the fruit. Four or five carpels are intimately united 
to a fleshy receptacle forming the biggest portion of this false 
fruit. One, two, or more seeds per carpel borne within the 
papery and leathery eruiocarp, e.g. apple, pear. 

2. Berry or baeea. Pericarp is usually thick and juicy, distinguish
able as three layers. The outermost skin layer is exocarp con
taining pigment of the fruit. The relatively thicker middle is 
mesocarp, which is pulpy and fleshy. The endocarp is soft and 
papery. This fleshy pericarp may enclose one or many seeds, 
e.g. date palm, avocado, tomato. Coffee, cucumis, and banana 
are berries. They are false fruits; they differ from typical false 
fruits, though, in that extra carpellary parts contribute very 
little toward the actual fruit. In banana, the skin is' composed 
of tissue through which transverse vascular bundles supply 
ma!erials to the perianth, stamens, and carpels. 
a. True (unmodified) berry. Tomato, papaya, avocado, and 

date palm exemplify a true and simple berry as defined 
above. 

b. Hesperidium. A modified true berry with a leathery and 
glandular pericarp; locules contain juicy sacs arising frOni 
placental hairs of the endocarp, e.g. orange, mandarin. 

c. Pepo. A modified berry developing from an inferior ovary 
where epicarp alone becomes hard and tough, or brittle, 
at maturity. Seeds remain attached to the placental wall 
embedded in the pulp, e.g. cucurbits-cucumber, melon. 

d. Special berry. A thick-skinned or leathery berry crowned 
by the sepals, containing numerous seeds covered with 
juicy pulp forming the edible part which is derived from 
the seed coat, e.g. pomegranate. . 

11. Aggregate fruit. An aggregate fruit develops from a single flower with 
an apocarpous pistil. Being free, each carpel develops into a simple fruit 
or fruitiet, and their aggregate is known as an etaerio (Fig. 2.7). 
A. Etaerio of follicles. Each etaerio consists of two or more follicles, 

e.g. calotropis Ak. and latkspur. 
B. Etaerio of achenes. Many achenes have persistent feathery stYles 

occurring in groups, e.g. clematis. 
C. Etaerio of drupes. A fleshy thalamus that has the aggregation of 

several small drupes or drupelets developing from each separate 
carpel, e.g. raspberry. 
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Etaerio of Follicles Etaerio of Achenes 

Etaerio of Drupes 
Etaerio of Artabotrys 

Figure 2.7 Etaeno/aggregate fruits 

Ill. Multiple or composite fruit. Develops collectively from numerous 
flowers where the whole of the inflorescence is involved. Also known as 
infructescence. It is of two types (Fig. 2.8). 

Syconus 
Sorosis 

Figure 2.8 Multiple fruit 
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A. Sorosis. Develops from a spike or spadix; small fruits fuse by their 
succulent calyx, and the mother axis becomes fleshy. Consequently, 
the whole inflorescence forms one fruit, e.g. pineapple, jackfruit, 
and mulberry. 

B. Syconus. Develops from a hollow fleshy and enlarged receptacle 
enclosing numerous tiny male and female flowers. The receptacle 
becomes fleshy and edible, e.g. banyan, fig. 

Table 2.1 Edible parts of some common fruits: classification and 
morphology 

Fruit 
Apple 
Almond 
Apricot 
Banana 
Cashew nut 

Class 
Pome 
Drupe 
Drupe 
Berry 
Drupe 

Coconut Drupe 
Custard apple Etaerio 
Date Berry 
Fig Syconus 
Grapefruit, orange, man- Hesperidium 
darin (berry) 
Jackfruit 
Guava 
Grapes 
Litchi 
Loquat 
Mango 
Mulberry 
Olive 
Papaya 
Papaw 
Palmyra palm 
Pummelo or shaddock 
Pear 
Peach 
Plum 
Persimmon 
Pineapple 

Quince 

Sorosis 
Berry 
Berry 
One-seeded nut 
Po me 
Drupe 
Sorosis 
Drupe 
Berry 
Berry 
Drupe (fibrous) 
Hesperidium (juicy) 
Pome 
Drupe 
Drupe 
Berry 
Sorosis 

Pome 

Edible part 
Fleshy thalamus 
Seed (enclosed in endocarp) 
Mesocarp 
Mesocarp 
Peduncle, cotyledons, and oily 
seed 
Endosperm 
Fleshy pericarp of berries 
Epicarp-mesocarp 
Fleshy receptacle 
Juicy sacs or placental hairs of 
the endocarp 
Bracts, perianth and seeds 
Thalamus and pericarp 
Pericarp and placentae 
F1eshyaril 
Fleshy thalamus 
Mesocarp 
Fleshy sepals 
Epicarp and mesocarp 
Mesocarp 
Mesocarp 
Mesocarp 
Placental hairs 
Thalamus 
Mesocarp 
Mesocarp 
Pericarp 
Entire inflorescence, outer 
portion of receptacle, bracts, 
and perianth 
Thalamus 
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Fruit 
Walnut 
Strawberry 
Raspberry 
Sweet cherry 
Mangosteen 
Maize, rice, wheat oats 
Pomegranate 

Class 
Drupe 
Etaerio 0; achenes 
Etaerio of drupelets 
Drupe 

Caryopsis 
Special berry 

Edible part 
Seed' 
Fleshy thalamus (receptacle) 
Pericarp 
Mesocarp 
Aril (Garcinia mangostana) 
Starchy endosperm 
Juicy outer coat of seed (aril, 
outer layer, and testa) 

Some fruits eaten as vegetables are artichoke (flower bud), broccoli 
(inflorescence), and cucumber (mesocarp, endocarp, and placenta). 

2.3.2 Flowe,r and fruit morphology of some common species 

The flowers and fruits described in this section are diagrammed in Figures 
2.9-2.26. The abbreviations used in these figures are listed here. 

A: androecium ep: epicarp P: perianth 
ar: aril f: funiculus pc: pericarp 
b: bract fr: fruit r: radicle 
c: corolla G: gynoecium s; seed 
d: disc K: calyx st: staminodes 
e: embryo m: mesocarp t: thalamus 
en: endocarp 

Mangifera indica (mango) 
FAMILY: Anacardiaceae 

st 

r 

C 
ep' 

~n 
d f 

s 
K m 

Figure 2.9 Mango flower Figure 2.10 V.S; of mango fruit 
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, MORPHOLOGY: Terminal panicles, erect or pendulous raceme arising vigor
ously with heavy lateral branching. Flowers small and polygamous, generally 
unisexual or bisexual (Fig. 2.9). Sepals 4-5, deciduous and pubescent. Petals 
4-5, disc fleshy and ridged, imbricate, alternating with sepals. Stamens as 
many as petals (4-5), but only one longer stamen functional. Pistil monocar
pellary, ovary unilocular and superior with one pendulous ovule. Fruit an 
oblong or ovoid drupe (Fig. 2.10). 

Psidium guajava (amrud) 
FAMILY: Myrtaceae 
MORPHOLOGY: Flowers solitary in the leaf axil or cymose, bisexual epi
gynous or perigynous (Fig. 2.11). Sepals 4-5, persistent. Petals 4-5, white, 
valvate. Stamens numerous, free with bilobate anthers. Gynoecium 2-5, 
syncarpous, ovary multilocular with many seeds in each chamber. Ovary may 
show incomplete union with the receptacle. Fruit is a berry, round to oblong, 
white to green on the outside. 

II----G 

A 
C 

1./1lnlll~r---- K 

Figure 2.11 V.S. of guava flower 

Mura paradisiaca (banana) 
FAMILY: Musaceae 

fh------G 

I'f+-'+------ P 

Figure 2.12 Banana floret 

MORPHOLOGY: Inflorescence terminal, erect or drooping with clustered 
nowers, spike approximately 1 m long, peduncle thick, bracts ovate, concave, 
t1eshy and dark red, opening in succession. Perianth leaves ovate, acute, 
fleshy or pinkish (Fig. 2.12). Stamens 5, anthers 2-lobed and linear with one 
staminode. Pistil tricarpellary syncarpous; ovary inferior and trilocular with 
axile placentation; stigmas 3. Fruit elongated, oblong berry. Fruits are gener
ally seedless; when seeded the seeds may be embedded in the perisperm. 
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Citrus aurantium (orange) 
FAMILY: Rutaceae 
MORPHOLOGY: The flower of the orange (Citrus aurantium) is an example 
of a flower which is complete, bisexual, hypogynous, and regular. The calyx 
consists of 5 united, greenish, and gland-dotted sepals. The corolla is made 
up of 5 free, gland-dotted white petl),ls. The androecium comprises polyan
drous stamens (filaments are united at the base in groups), and free and 
dorsifixed anthers. The pistil or gynoecium is polycarpellary, syncarpous and 
superior, situated on a large, nectar-secreting disc. The ovary has a capitate 
stigma, short style, and about 5 locules, each containing a few ovules (Fig: 
2.13). The fruit is a berry (hesperidium) (Fig. 2.14). 

Figure 2.13 V.S. of citrus flower 

Malus sylvestris, syn. Pyrus malus (apple) 
FAMILY: Rosaceae 

Figure 2.14 T.s. of citrus fruit 

MORPHOLOGY: Inflorescence simple umbel or grouped, cyme (Fig. 2.15). 
Flower: bisexual and epigynous. Sepals 4-5, united, broad-lobed, campanu
late, reflexed and persistent. Petals 5, polypetalous, shortly clawed rosaceous, 
imbricate. Stamens 20 or more; filaments 2-5, free; stigma truncate; anthers 
in-curved. Carpels 4-5; ovary polycarpellary, syncarpous, epigynous; styles 
4-5, multilocular with two ovules in each loculus at basal placentation. Fruit 
a pome (Fig. 2.16). 

Prunus persica (peach aroo) 
FAMILY: Rosaceae 
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Figure 2.15 V.S. of apple flo'Wcr 
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Figure 2.17 V.S. of peach flower 
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Figure 2.16 V.S. of apple fruit 
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Figure 2.18 V.S. of pear fruit 

MORPHOLOGY: Flowers pedicellate, ebracteate, complete, hermaphrodite, 
regular, perigynous, pink red (Fig. 2.17). Calyx 5, gamosepalous, imbricate. 
Corolla 5, polypetalous, imbricate. Androecium 15-60, polyandrous, anthers 
bithecous. Gynoecium polycarpellary, apocarpous ovary superior, unilocular 
with two pendulous ovules. Fruit a drupe enclosing a hard furrowed one
seeded seed (stone). 

Pyrus communis (pear) 
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FAMILY: Rosaceae 
MORPHOLOGY: Lower flowers bracteate and upper ones ebracteate, pedi
cellate, bracteoles on the pedicels, complete, hermaphrodite, actinomorphic, 
epigynous. Calyx 5, green, gamosepalous, persistent. Corolla 5, white, imbri
cate. Stamens numerous, polyandrous in three whorls, filaments of variable 
lengths. Pistils 5, syncarpous; ovary inferior, multilocular, two ovules in each 
loculus; placentation axile; styles 5, free; stigma terminal and glandular. 
Fruit a pome (Fig. 2.18). 

Phoenix dactylifera (date) 
FAMILY: Palmae 
MORPHOLOGY: Male and female inflorescences 
covered by a hard, boat-like membranous bract 
sheathing the branches. Female inflorescence: 
large, main stalk flat, glabrous, spikelets numer
ous. Flowers rounded, green, distant; perianth 
lobes 6, united at the base. Inner whorl (petal) 
large. Male inflorescence: small, flat, glabrous. 
Flowers sessile, white, sweet-scented, much 
larger than female flowers. Stamens 6 (3+3), 
anthers erect, filament short, subulate, pistil
lodes three, mil)ute and scale-like. Fruit a cylin
drical berry, seeds stony, acute at the apex, 
longitudinally grooved from one side (Fig. 2.19). 

Diospyros leaki (Persimmon, 'Japani fruit') 
FAMILY: Ebenaceae 
MORPHOLOGY: Inflorescence cauliflorous, 

f'o.:.-+---en 
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Figure 2.19 V.S. of date fruit 

dioecious, rarely bisexual or polygamous. Flowers highly variable 3-
7-merous. Male cymes 3-flowered; female flowers solitary and large (Fig. 
2.20). Sepal segments oval or broadly lanceolate, pubescent. Petals yellow
white, lobes rounded. Stamens numerous 16-24, hairy, staminodes 8-10 in 
female flower. Carpels 8-10; ovary multilocular; style 4-partite hairy. Fruit 
a globose, glossy and fleshy berry (Fig. 2.21). 

Punica granatum (Pomegranate) 
FAMILY: Punicaceae 
MORPHOLOGY: Flowers scarlet red or white (Fig. 2.22). Sepals 5, reddish, 
somewhat succulent, triangular. Petals 5, broadly ovate, wrinkled, alternate 
with sepal lobes. Stamens, numerous filaments, multiseriate, persistent. Pistil 
is polycarpellary, syncarpous; ovary subglobose; style thick, reddish; stigma 
3imple, slightly bilobate; ovules many. Fruit a berry, globose pale-red to 
scarlet, partitioned by thin leathery yellow septa. Seeds red to pink, angular; 
testa thick, fleshy, and juicy (Fig. 2.23). 
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Figure 2.20 V.S. of persimmon flower 
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Figure 2.22 V.s. of pomegranate flower 

Litchi chinensis (litchi) 
FAMILY: Sapindaceae 

.,..'---- K 

Figure 2.21 Persimmon frUIt 

Figure 2.23 V.S. of pomegranate frUIt 

MORPHOLOGY: Flowers small, unisexual, actinomorphic. Sepals 3-5 un

eq ual. Petal 3-5 or absent, equal or unequal often with scales. Stamens 5-10 

wIth few staminodes. Pistils 3 or more, syncarpous, trilocular; 1-2 ascending 
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Figure 2.24 V.S. of htchl frUit Figure 2.25 V.S. of potato flower 

ovules in each loculus; style terminal. Fruit a I-seeded nut with fleshy edible 
aril and leathery pericarp (Fig. 2.24). 

I 

Solanum tuberosum (p~tato) 
FAMILY: Solanaceae 
MORPHOLOGY: Flowers ebracteate, pedicellate, complete, hermaphrodite, 
actinomorphic, hypogynous (Fig. 2.25). Calyx 5, gamosepalous, persistent. 
Corolla 5, gamopetalous, rotate. Androecium 5, polyandrous, cpipetalous, 
alternating with petals; anthers coherent, dehiscing by apical pores. Gynoe~ 
cium bicarpellary syncarpous, ovary obliquely placed, superior; several ovules 
in each loculus; placentation axile. Fruit a berry with many seeds. 
Lycopersicon esculentum (tomato) 
FAMILY: Solan'aceae 
INFLORESCENCE: A few-flowered cyme. Calyx 5-partite, size enlarging in 
fruit, triangular, acuminate. Corolla 5, rotate, yellow, triangular-acute, 
minutely ciliate. Androecium 5, attached near the corolla throat; anth{rs 
elongated, adnate, dehiscing longitudinally. Filaments shorter than the 
anthers. Gynoecium is bicarpellary, syncarpous with superior ovary, bilocu
lar, placentation axile, style single with two-lobed stigma. Fruit a berry, 
globose and depressed with many seeds. 

Brassica rapa (turnip, shalgam) 
FAMILY: Cruciferae 
MORPHOLOGY: 30-40 flowered corymbose raceme; flowers dull to golden 
yellow. Calyx 4, 'sub-equal, outer oblong obtuse. Corolla 4, alternating with 
sepals, free, crueiform. Androecium 6, tetradynamous, outer pair short and 
inner 4 stamens long, filament linear. Nectar glands often green. Ovary 
cylindrical. Fruit a silique, linear, beaked, septum (n;plum) membranous and 
veinless. Seeds 8-12 in each locule. • .. 
Abelmoschas escuientus, Syn. Hibiscus esculentus (okra, 'lady's finger') 
FAMILY: Malvaceae 



78 Altaf-ur-Rehman Rao 

MORPHOLOGY: Flowers axillary solitary, pedicellate. Epicalyx segments 7-

12, linear to lanceolate, caducous. Sepals 5, adnate. Petals 5 spathaceous, 

caducous, yellow or yellowish-white with purple spot at the base. Androe~ 

cium 5, or staminal column antheriferous all over the style. Gynoecium 5, 

stigma 5, ovary pubescent, 5-loculed. Capsule cylindrical, 5-angled, acumi

nate, densely hairy, usually hispid. Seeds ovoid to reniform, glabrous, black 

to dark brown coloured. 

Allium cepa (onion) 
FAMILY: Alliaceae 

i------A 
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Figure 2.26 Onion flower 

MORPHOLOGY: Cymosc head (umbel). Umbels spherical, de~sely flowered. 

Flowers stellate, pedicellate, bracteate, regular, complete, bisexual, hypo

gynous, white, perianth 6, 3 in each whorl, gamophyllous (Fig. 2.26). And

roecium 6 (3 + 3) in two whorls, polyandrous; anthers long, 2-celled, dorsi

fixed. Gynoecium tricarpeUary, syncarpous. Ovary trilocular, placentation 

axile with 2 ovules in each loculus, style short, stigma minute. Fruit a mem

branous capsule. Seeds small, endospermic. 

STUDY QUESTIONS 

1. What is morphology? Describe other fields of study related to it. 

2. Define flower. Name the smallest and largest flowers among the angio

sperms. 
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3. Specify the distinguishing features of floral and vegetative shoots. 

4. Name the parts of a typical flower and briefly discuss their functions. 

5. Give an account of the different modes of arrangement of floral leaves 
on the thalamus. What are the principal forms of corolla? 

6. Write a note on gametogenesis. 

7. Describe various types of ovules giving examples in each case. 

8. What is placentation? Describe its various forms. 

9. Describe the process of double fertilization in seed plants. 

10. Name the parts of a pollen grain. How does a pollen grain germinate? 

11. How does an embryo develop after fertilization? 

12. List the developmental stages of an embryo. 

13. Describe the stages of seed and fruit formation. 

14. Distinguish between dry and succulent fruits. 

15. What are the differences among simple, aggregate, and multiple fruits. 

16. Classify the edible portions of common fruits. 

17. Name some fruits eaten as vegetables, and classify their edible parts. 

18. Describe the fruits 'of strawberry, cashew nut, walnut, pineapple, mul
berry, fig, mango, citrus, date palm, guava, and pomegranate, giving the 
fruit class, and the part of the flower that develops into the fruit. 

19. Describe the physical changes that take place during fruit development. 

20. What chemical changes occur during fruit development? 
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3. PLANT METABOLISM 

Noor Badshahl 

LEARNING OBJECIIVES 

Photosynthesis and respiration are among the most important biological phe

nomena on earth. Photosynthesis is the process through which green plants 

fix CO2 in the presence of light into useful organic compounds which are 

available for their growth, development, and maintenance. Respiration is the 

oxidative degradation of organic compounds which yields usable energy. 

Oxygen is essential for respiration since it is the terminal electron acceptor. 

During respiration, glucose is oxidized ,to form pyruvate (glycolysis), which 

through a series of reactions, is oxidized to CO2 and water within the mito

chondria. 
After studying this chapter a student should be able to: 

• Summarize the biochemical processes involved in photosynthesis and 

respiration 

• Outline the steps in the metabolism of carbohydrates 

• Discuss the photochemical aspects of photosynthesis and respiration of 

plants 

• Explain the biololPcal significance of photosynthesis and carbohydrate 

metabolism 

3.1 Photosynthesis 

3.1.1 Definition of photosynthesis 

Photosynthesis is the process which converts light energy into useful chemi

cal energy. It includes a series of reactions in which electromagnetic energy 

is converted into chemical free energy that can be used for biosynthesis 

(Kamen 1963). 
Radiant energy is trapped by pigments of green plants and utilized to 

reduce atmospheric CO2 to sugars, which in turn can be oxidized, releasing 

energy for growth, development, and maintenance of living organisms (Ting 

1982). The overall reaction of photosynthesis is represented as follows: 

1 Associate Professor of Horticulture, NWFP Agricultural University, Peshawar, Pakistan. 
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light 

chlorophyll 
The oxygen produced in photosynthesis and the electrons from hydrogen which are used to reduce CO2 to sugar (C6CH120 6) both come from water. Thus, 12 molecules of water, each with an oxygen atom, participate to yield six diatomic 02 molecules. It is estimated that about 1.55 x 1011 tons of dry matter are produced annually, by photosynthetic plants. 

3.1.2 History of study of photosynthesis 
Although organized agriculture existed in ancient times, the process of photosynthesis was not recognized until the 16th century. Early Greek farmers thought that plant material came from the soil, and the practice of adding plant and animal debris to soil was common. The first important plant physiologist was Stephen fiales, who in 1727 studied the effects of air and light on plant growth. He suggested that plants derived some useful substance from the air and that light wa~ necessary for growth. I!11771, Joseph Priestley implicated 02 when he found that green plants could renew air made stale by the breathing of animals. Hovyever, he was unaware of the role of CO2 or the importance of light. Antoine Lavoisier's studies of combustion showed that 02 is taken up and COz evolved. On the basis of the discoveries of Lavoisier, a Dutch scientist, Jan Ingen-Housz suggested that CO2 in the' air was the source of carbon for organic matter. Then in 1779, he recognized that light was necessary for the purification of air. In 1782, Jean Senebier demonstrated that CO2 produced by animals and plants in darkness stimulated production of purified air (02) by plants in the light. N. T. de Saussure (in 1804) demonstrated the simultaneous uptake of CO2 and evolution of 02 by plants in the light. He found that plants gained in dry weight during photosynthesis. He also made the first quantitative measurement of photosynthesis and noted that approximately equal volumes of CO2 and 02 were exchanged during photosynthesis. The development of the Law of Conservation of Energy by Robert Mayer in 1884 showed that the sun was the source of energy for plants and animals, and the energy converted to chemical energy by green plants was light energy. In the 20th century, Blackman discovered that photosynthesis consists of two reactions: a fast light-dependent reaction, and a slower process that occurs in the dark. In 1937, Robin Hill demonstrated that in the presence of light, water, and an artificial electron acceptor (potassium ferricyanide) chloroplasts evolve 02' This reaction is called the Hill Reaction . in honor of his discovery. The process is schematized as follows. 

2H20 • 02 + 4H+ + 4e-
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3.1.3 The primary processes of photosynthesis 

The frimary reactions of photosynthesis occur during a period of 

10-1 -10-9 seconds. A photon is absorbed by the chlorophyll pigment, 

resulting in an excited pigment molecule. 'The excitation usually lasts for 

about 10-9_10-5 seconds. 

CHL + light ---...... CHI.: 

Energy in excited electrons of various pigments is transferred to an energy

collecting pigment, a reaction center. 

The next reaction involves the conservation and stabilization of the 

energy of the excited chlorophyll molecule. 

CHL* + X • CHL + X* 

X* is a compound which can reduce NADP. 

NADP + X· • X + NADPH 

The whole series of reactions can be summarized as follows: 

NADP + Hp + light (chloroplast) -+ NADPH + H+ + 1/2 02 

The reducing agent (NADPH) formed during the reaction is used to reduce 

CO2 to glucose. All the above reactions take electrons (H+) from water. 

The overall reaction is given as, under: 

6C02 + 12NADPH + 12H+ - C6H120 6 + 12NADP + 6H20 

The organic compounds in the above reactions are converted into cellular 

constituents, i.e. cellulose, hemicellulose, starches, membrane, and other 

cytoplasmic substances. 
Photosystem I, Photosystem 11, and the Z-Scheme. The two light

gathering photo centers (at 680 and 700 nm) are integral parts of two sys

tems that are referred to as photosystem I (PS-I) and photosystem II (PS-

11). The absorption maximum for chlorophyll a in PS-I is about 700 nm and 

for PS-II about 680 nm. 
Both systems have chlorophyll a and accessory pigments, including 

chlorophyll b, carotenoids, and some other pigments. Chlorophyll a absorbs 

farther into the red end of the spectrum than chlorophyll b (Fig. 3.1). 

PS-I is more sensitive to far-red light than to red light and absorbs light 

at 700 nm as well as shorter wavelengths. The light-absorption center at 

700 nm is called P700 (Fig. 3.2). It reduces NADP to NADPH and hence 

forms a strong reductant (Ting 1982). The light gathering center of PS-I 

(P700) has a special type of chlorophyll molecule, chlorophyll a, which has 

an absorption maximum at 700 nm. The center has about 200 chlorophyll 

molecules of which one (or two) is of the P700 type. PS-II also has 200 
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Figure 3.1 Absorption spectra for chlorophyll a and chlorophyll h. Redrawn from Zschiele and Comar (1941). 

chlorophyll molecules. Transfer of energy in PS-II is by molecular collision. 
The strong reductant produced in PS-I reduces NADP to NADPH. The 
electron is transferred from water at PS-I!. 

PS-I1 has the light-gathering center that functions in the Hill reaction. 
The center contains chlorophyll a that absorbs light at 680 nm (P680). The 
center also has chlorophyll b, but chlorophyll a is the primary trap while 
chlorophyll b works as an accessory pigment. Here water is oxidized to form 
molecular oxygen as electrons are removed. PS-II forms a very strong 
oxidant and is more sensitive to red light than to far-red light (fig 3.2). 
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Figure 3.2 The Z-scheme for the photochemistry of photosynthesis, showing the two photo
systems acting together to produce ATP and reduce NADP to NADPH. Drawing by Habib-ul
Rahman. 

Electron-transport system in photosystems J and 11. The two photo
systems are coupled by a series of electron-transport components similar to 
those of the electron-transport system of mitochondria (Anderson 1982). 
Within the electron-transport system of the mitochondria there are flavopro
tein, a quinone, and cytochromes of the a, b, and c types similar to those of 
chloroplast membranes. Also present are copper-containing proteins, plasto
cyanin, and non he me iron protein such as ferredoxin. Ferredoxin or another 
iron-sulfur protein is believed to be the primary electron acceptor of PS-I. 

Plastocyanin serves as an electron carrier and is loosely bound to the 
inside of thylakoid membranes (Salisbury and Ross 1985). When its copper 
becomes reduced from Cu + + to Cu + by PS-I, it can move along the 
membranes carrying an electron to PS-I1 where it is reoxidized to Cu++ 
form. The PS-U center also has about 50 carotenoid molecules, about four 
plastoquinones, two cytochrome b, and six manganese. In addition to the 
known components, the center has an unidentified electron donor caIJed Z 
(strong oxidant) and an unidentified electron acceptor caIJed Q (the weak 
reductant). Q may be plastoquinone. FinaIJy, PS-II contains one or more 
proteins, caIJed the manganese protein. According to Ting (1982), chlorides 
also have an essential role in PS-II. 

The electron-transport system that couples photosystems I and 11 can 
be diagrammed as below. There is a redox potential decrease from PS-I1 to 
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PS-I of about 0.43 volts, sufficient to produce ATP. This drop in potential 
as electrons flow from PS-I! to PS-I brings about photophosphorylation. 

H20 ~ (P680) ~ Plastoquinone ~ Cytochrome f +/
Plastocyanin ~ (P700) ~ NADP 

3.1.4 The photochemistry of photosynthesis 

One of the most important features of the photochemistry of photosynthesis 
is the ultimate trapping of usable energy in the form of NADPH. 

The overall process of photosynthesis when summarized is as follows: 

1. CHL + Light + NADP + ADP + Pi ----+ ATP + NADPH + CHL 

n. CO2 + H20 + NADPH + ATP ----+ CH20 + NADP + ADP + Pi 

In the first reaction light is trapped, and in the presence of ADP and 
NADP the rich component ATP is produced. In the second reaction carbo
hydrate is produced. Incorporation of carbon into organic acids and sugars 
is discussed under the separate section on carbon metabolism. 

The Emerson enhancement effect. The rate of photosynthesis decreases 
rapidly at wavelengths over 700 nm and increases at shorter wavelengths. 
However, if short wavelength light is provided at the same time as the 
longer red wavelengths, photosynthesis increases faster than could be expect
ed when either wavelength is provided alone. This enhancement is named 
after Robert Emerson (1950's), who noticed that the quantum requirement 
for photosynthesis remained reasonably low below 680 nm but increased 
greatly above 680 nm. The fact that light of less than 680 nm and greater 
than 680 nm when given together result in synergism led to the suggestion 
that photosynthesis must include at least two light systems working together: 
one sensitive to red light, and the other to far-red light (Ting 1982). 

Photophosphorylation. Photophosphorylation involves a series of 
electron-transport coupling factors (proteins) which transfer electrons along 
an electrochemical gradient, yielding ATP in the presence of light. In the 
presence of light, chloroplast membranes pump protons to the inside rather 
than to the outside. In this reaction the pH of the medium tends to increase 
and becomes alkaline as is the case with mitochondria during respiration. 
The pH gradient across the membranes of the chloroplast provides a power
ful form of chemical potential energy responsible for driving photophos
phorylation. 

3.1.5 Chloroplasts 

Photosynthetic cells have 15-20 or even more chloroplasts. Chloropiasts are 
plant organelles surrounded by two bilayered. membranes. They arise from 
tiny proplastids, which divide actively as the embryo develops. When the 
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chloroplasts are exposed to light, the enclosed membranes of the basic unit 
structure, the thylakoids, are stacked into arrays collectively called grana. 
When thylakoids extend from stack to stack to form intergranallamella, they 
are called frets. The material surrounding the thylakoids and within which 
the grana and fretwork are imbedded is called stroma. It mostly consists of 
soluble protein, lipid drops, starch grains, amino acids, sugars, RNA, and 
DNA. Chloroplasts als() have the capacity for protein synthesis. 

3.1.6 Photosynthetic pigments 

Photosynthetic pigments are some of the most important chemicals of the 
photosynthetic apparatus. A pigment is a molecule that absorbs light; the 
light absorbing portion of a pigment is called the chromophore. The pig
ments involved in photosynthesis are chlorophyll and other accessory pig
ments such as carotenoids. Other pigments such as flavoproteins, plasto
cyanin, the cytochromes, ferredoxin, and the quinones, which are also found 
in chloroplasts, are probably not directly involved in light gathering but 
rather in the electron-transport system. The pigments involved in the photo
chemical reactions are discussed below. 

Chlorophyll. Chlorophyll is the green pigment present in thylakoid 
membranes. It consists largely of two kinds of green chlorophylls-a and b. 
The chlorophyll a molecule is the primary absorbing pigment of green 
plants, although chlorophyll b frequently occurs with chlorophyll a. The 
absorption spectra of chlorophyll a and b are shown in Fig. 3.l. 

Chlorophylls are magnesium porphyrins. Because of the presence of the 
phytol chain (C2oH390H), they are hydrophobic molecules. As stated above 
with regard to the primary processes of photosynthesis, the primary light 
traps of photosynthesis have absorption spectra in the red (PS-I at about 
700 nm and PS-II at about 680 nm). Because of the nature of the protein 
complexed with chlorophyll a molecules within the photosynthetic unit, 
chlorophyll a molecules may have absorption spectra shifted toward the 
blue, that is, have maxima at shorter wavelengths. These accessory chloro
phylls absorb radiant energy and transfer it by excitational energy transfer 
to the chlorophylls that absorb at longer wavelengths. Ultimately, the energy 
is transferred to, the primary trap, either P680 of PS-II or P700 of PS-I. 

Carotenoids. Carotenoids are yellow to orange pigments which contain 
linear tetrapyroles and are found in the photosynthetic unit. They exist in 
the chloroplast envelope, giving it a yellow color. There are two kinds of 

. carotenoids: the pure hydrocarbon carotenes and the oxygen-containing 
xanthophylls. Certain carotenoids (especially violaxanthin, a xanthophyll) 
also exist in the chloroplast envelope. Because of their association with 
chlorophyll in chloroplasts, they are assumed to be accessory pigments in the 
process of gathering light and transferring energy to chlorophyll. They are 
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also important in protecting against photo-oxidation, as has been observed 
in mutants that lack carotenoids, where there is severe light-induced injury. 

3.2 Respiration 

Respiration is the controlled oxidation process by which all organisms 
ultimately obtain the energy stored in organic compounds. The energy is 
conserved in the form of A TP or other compounds which are used in 
growth, reproduction, and maintenance. Respiration is an active process of 
all living organisms absorbing 02 and releasing CO2, It is the oxidative 
degradation of organic compounds (carbohydrates, fats, organic acids, and 
proteins) to yield usable energy. Malic acid and citric acid are the predomi
nant organic acids found in fruits and vegetables. They are metabolized later 
on to form other products during respiration. Oxygen is the terminal elec
tron acceptor for the oxidation process. Glucose is oxidized to pyruvate in 
a series of reactions called glycolysis. Pyruvate is decarboxylated to form 
acetate, which is oxidized to CO2, water, and energy within the mitochon
dria. The common respiration of glucose can be written as follows. 

The complete combustion of glucose to CO2 and water yields about 
2900 kilojoules mole -1 of hexose. Much of the energy released during respi
ration is heat, which may stimulate metabolism and benefit growth of certain 
species, but usually is trap.sferred to the atmosphere or soil with little conse
quence to the plant. Most importantly, energy is trapped in ATP and used 
later for many essential biochemical processes of growth, reproduction, and 
maintenance. As tpe breakdown of glucose proceeds, carbon-skeleton inter
mediates are provided for a large number of other essential plant products, 
such as amino acids for proteins, nucleotides for nucleic acids, and carbon 
precursors for porphyrin pigments (chlorophyll and -cytochromes), fats, 
sterols, carotenoids, anthocyanins, and certain other aromatic compounds 
(Salisbury and Ross 1985). 

3.2.1 The respiratory quotient 

The ratio of CO2 released from the living cells to 02 uptake during respira
tion is called the respiratory quotient or RQ. It is an indication of the 
substrate being oxidized. The RQ's for different organic compounds ob
tained from their complete oxidation are given below. 
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1. Carbohydrates (hexose) 

C6H 120 6 + 602 • 6H20 + 6C02 

RQ of CO2/02 = 6/6 = 1.0 

2. Fatty acid (oleic acid) 

ClgH3402 + 25.502 ----+. 18C02 + 17H20 

The RQ for this reaction is 18(25.5 = 0.71 

3. Organic acid 

2C4H60 4 + 702 • 8C02 + 6H20 (succinate) 

RQ = 8n = 1.14 

C6Hg0 7 .+ 4.502 • 6C02 + 4H20 (citrate) 

RQ = 6/4.5 = 1.33 

The RQ is often very close to unity, which is an indication of carbohydrate 
respiration. 

3.2.2 Reserve carbohydrates 

Starch is the main reserve carbohydrate in tubers, seeds, and leaves of most 
plant species. Starch is stored as water-insoluble granules (grains) that 
consist of amylopectin (branched molecules) and amylose (unbranched 
molecules). Sucrose and other non-reducing sugars are converted after 
translocation into starches in different organs of plants. These starches are 
also the principal respiratory substrates for plant organs at certain stages of 
development. The potato tuber is an example where during sprouting starch 
is converted into hexose sugars which are then oxidized releasing energy for 
sprout growth. Parenchyma cells in stems, roots, and tubers commonly store 
starch: in perennial species, the starch stored during the growing season is 
kept as reserve during the winter months and then used in new growth the 
following spring. Starch is also present in the endosperm or cotyledon 
storage tissues of many seeds; most of this reserve starch is used in respira
tion during the germination of seeds. During respiration, glucose molecules 
derived from starch are oxidized to CO2 and H20. The remaining glucose 
is converted into sucrose molecules and moved from the endosperm (scutel
lum) into the growing root and shoot, where some are totally oxidized and 
others are converted into cell-wall materials, proteins, and other substances 
needed for growth of the seedling. 
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3.2.3 The metabolism ot starch 

Starch is a glucose polymer, and on breakdown it forms glucose molecules. 
The metabolism of starch can be separated into hydrolysis and biosynthesis, 
which are catalyzed by different enzymes. Most steps in the degradation of 
starch to glucose can be catalyzed by three different enzymes, although stilI 
others are needed to complete the process. These three enzymes are alpha
amylase (a-amylase), beta-amylase (B-amylase), and starch phosphorylase. 

The amylases occur in reserve and storage tissues and function largely 
in starch degradation for sugar mobilization during growth. Phosphorylases 
are more closely associated with respiratory processes; they hydrolyze starch 
to form the highly active phosphorylated sugars that act as substrates for 
respiration. The breakdown of starch is not by incorporating water into the 
products as amylases do, but incorporating phosphate as shown below. 

Starch + H2P04 - ~ Glucose-I-P 

The amylases hydrolyze starch to maltose. 

Starch + nH20 -------+. n Maltose 

Maltose is then further hydrolyzed to glucose units by the action of maltase. 

Maltose + H20 -----+. 2 Glucose 

Sucrose, which is the main carbohydrate of transport to various receiv
ing (sink) cells, must also be degraded to glucose and fructose before respi
ratory breakdown can continue. The major reaction of sucrose degradation 
is irreversible hydrolysis to free glucose and fructose by invertases. 

Sucrose + H20 -------+. Glucose + Fructose 

The ADP-glucose substrate can be formed from sucrose by two means, 
either directly by catalysis with sucrose synthetase or by glucose inversion by 
the enzyme invertase to form glucose and fructose followed by phosphoryla
tion and ADP-glucose synthesis. 

ATP 
Glucose • Glucose-6-P 

Hexokinase 
Glucose-6-P • Glucose-I-P 

Glucose-I-P+ ATP • ADP-g1ucose+PjPj 

The conversion of glucose, g1ucose-I-P, g1ucose-6-P or fructose to 
pyruvic acid during respiration is called glycolysis. Glycolysis is the first of 
three closely related phases of respiration and is followed by the Krebs cycle. 
The complete reactions of glycolysis are discussed in the subsequent section. 
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Glycolysis. Glycolysis is the formation of hexose sugars from reserve 
carbohydrates. The glycolytic process occurring within the cytosol, the liquid 
phase of the cell, begins with phosphorylated glucose, glucose-6-P. Stored 
starch and sucrose are hydrolyzed to glucose, which is the immediate precur
sor for respiration. Starches found in the amyloplasts of storage organs after 
translocation of sucrose or other non-reducing sugars are the principal 
substrates for respiration. The oxidation of glucose to form pyruvate (glycol
ysis) is illustrated in Fig. 3.3. 

In the first series of reactions, glucose is phosphorylated to glucose-6-P, 
which is cleaved into two 3-carbon sugars: glyceraldehyde-3-P and dihy
droxyacetone-P. All reactions are catalyzed by specific enzymes. In the 
subsequent steps, the 3-carbon sugars are converted into pyruvate. The 
overall reaction sequence (glucose-pyruvate) for the production of pyruvate 
from glucose is as follows. 

Glucose + 2ADP + 2H2P04 + 2NAD+ -2pyruvate + 2ATP + 2NADH + 2H+ + 2H20 

In the above reaction, 2 net moles of NADH and 2 moles of ATP are pro
duced. When sugars are oxidized by respiratory processes, they are activated 
by phosphorylation. Phosphorylation of glucose to form glucost:-6-P is cat a
lyzed by the enzyme hexokinase (Fig. 3.3). The conversion of glucose-6-P 
into fructose-6-P requires the enzyme phosphoglucoisomerase, while phos
phofructokinase is needed for the next reaction (fructose-6-P --fructose-
1,6 bisphosphate). Phosphofructokinase is an important regulatory enzyme 
of respiration. 

In the subsequent reaction, fructose-1,6-bisphosphate is cleared by the 
enzyme aldolase into two triose-P compounds. The two compounds glyceral
dehyde-3-P and dihydroxyacetone-P are in equilibrium through the enzyme 
phosphotriose isomerase, with about 97% dihydroxyacetone-P (Fig. 3.3). 
Oxidation of glyceraldehyde-3-P to l,3-bisphosphate is catalyzed by the 
enzyme glyceraldehyde-3-P dehydrogenase. During the reaction NAD is 
reduced to NADH 

The next step in glycolysis is the phosphorylation of ADP. The 1,3-
bisphosphoglycerate provides a substrate for the phosphorylation, while 
enzyme phosphoglycerate kinase catalyzes the reaction to produce 3-phos
phoglycerate and ATP. The 3-phosphoglycerate is converted to 2-phospho
glycerate, catalyzed by phosphoglyceromutase. 

Next, 2-phosphoglycerate is changed into phosphoenolpyruvate by 
dehydration. Phosphoenolpyruvate has a high standard energy change which 
yields ATP on phosphate hydrolysis. Pyruvate kinase is the enzyme which 
catalyzes the reaction. The complete reaction sequence of glycolysis is given 
in Fig. 3.3. 

Functions of glycolysis. Glycolysis has several functions related to many 
basic life processes. These functions are as follows: 
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Figure 3.3 Glycolysis, the anaerobic oxidation of glucose to form pyruvate. DIagram by Habibul-Rahman. 
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1. Yielding of NADH: NADH molecules drive various anabolic and 
n:ductive processes. NADH is formed at only one step in glycolysis, 
during the oxidation of 3-phosphoglyceraldehyde to 1,3-bisphosphogly
ccrate. 

2. ATP Formation: There is a total production of four ATP per hexose 
molecule, and a net production of two ATP per hexose. ATP is an 
energy-rich source necessary to drive several reactions. 

3. Glycolysis provides several intermediate compounds from its pathway 
which are used to synthesize several other constituents for plant growth. 

3.2.4 Fermentation. 

Oxygen is the terminal electron acceptor in aerobic respiration, but in 
fermentation oxidized organic compounds function as terminal electron 
acceptors. When 02 is limited, NADH and pyruvate begin to accumulate. 
Anaerobic organisms or aerobic organisms under anaerobic conditions 
accumulate either lactate or ethanol. The process is called fermentation. 
There are two separate reactions involved in fermentation. In the first, there 
is decarboxylation of pyruvate to form acetaldehyde, then rapid reduction of 
acetaldehyde by NADH to form ethanol. In the second, pyruvate is reduced 
to lactate. The reaction is catalyzed by alcohol dehydrogenase, which uses 
NADH to reduce pyruvate to lactate. Alternatively, pyruvate can be reduced 
directly to lactate by lactate dehydrogenase. The products of fermentation 
are ethanol and lactate (Salisbury and Ross 1985). The reactions are sche
matized as follows. 

Pyruvate --+ Acetaldehyde - Ethanol 

Pyruvate - Lactate 

3.2.5 The pentose phosphate pathway (PPP) 

In many cellular biosyntheses, such as biosynthesis of fatty acids, NADPH 
is the reducing agent and not NADH. This alternate route for the oxidation 
of glucose to triose, pentose, ribulose, erythrose, and xylulose sugars is 
important for biosynthesis of other organic compounds and NADPH for 
cellular biosynthesis. Thus the pentose phosphate pathway (PPP) may also 
play a role in the production of reducing po'Ver for biosynthesis. Several 
compounds of the PPP are also members of the Calvin cycle, in which sugar 
phosphates are synthesized in the chloroplasts. Reactions of the PPP are 
outlined in Fig. 3.4. 

The first reaction (Fig. 3.4) takes glucose--6-P as a substrate, forming 
phosphogJuconate. Phosphogluconate is further oxidized to form ribulose 5-
P. Oxidation of gIucose--6-P also yields CO2 and NADPH. Subsequently, 
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Figure"J,4 The pentose phosphate pathway. Diagrain by Habib-ul-Rahman. 

ribulose-5-P is isomerized by phosphoriboisomerase to ribose-5-P and then 
to xylulose-5-P. Next, two xylulose-5-P donate C2 fragments to two ribose-
5-P acceptors to form two moles of glyceraldehyde-3-P and two moles of 
sedoheptulose-7-P. Glyceraldehyde-3-Pis also an intermediate of glycolysis. 

Next the two sepoheptulose-7-P react with the two glyceraldehyde-3-P 
to form two moles of erythrose-4-P and two moles of fructose-6-P. As a 
result, the PPP can be considered an alternate route to compounds subse
quently degraded by glycolysis. The two moles of erythrose-4-P then react 
with two additional xylulose-5-P formed from ribulose-5-P and two moles 
of fructose-6-P. The production of ribose-5-P is important, as it is the pre
cursor of the ribose and deoxyribose units in nucleotides, including those in 
RNA and DNA. 
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Although the PPP could conserve energy in the form of ATP, an addi
tional important metabolic role would be the production of NADPH for 
cellular biosynthesis. NADPH is the red\lcing agent which works in the 
biosynthesis of fatty acids. Clearly, the PPP is just as essential to plants as 
glycolysis and the Krebs cycle. 

3.2.6 Mitochondria 

It is helpful to understand some of the properties of mitochondria before we 
discuss how pyruvate and NADH are oxidized by mitochondria. Mitochon
dria, like chloroplasts, are double-membrane-bounded organelles found in 
plant cells (Fig. 3.5). The drawing in Figure 3.5 is a conceptual model of a 
mitochondrion showing the arrangement of the double membrane to form 
the outer-membrane and the inner-membrane. cristae. The outer membrane, 
which is slightly thicker than the inner membrane, has pores. The inner 
membrane is frequently highly folded to form sheet-like or tube-like exten
sions called cristae (singular = crista). Cristae contain most of the enzymes 
that are associated with the electron transport system and oxidative phos
phorylation. The protein-rich matrix within the mitochondria is the site 
where Krebs cycle reactions occur. Thus the mitochondrion is the subcellular 

Matrix 

Inner 
membrane 

Outer 
membrane 

Inter-
membrane space 

Figure 3.5 Structure of a plant-cell mitochondrion. 
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organelle where the aerobic respiratory process occurs that oxidizes acetate, 
generating the energy for ATP production. 

3.2.7 The tricarboxylic acid (TeA) cycle-Krebs cycle 

The complex type of enzymes (pyruvate dehydrogenase complex) catalyzes 
the decarboxylation of pyruvate to form acetate. It is acetate that is oxidized 
to CO2 and water within the mitochondria. The decarboxylation of pyruvate 
to form acetyl CoA releases energy 
which is conserved in NADH. The 
oxidation of acetate to CO2 and water 
through the reactions of the TCA cycle 
was first described by Han~ Krebs in 
1937. He called this series of reactions 
the citric acid cycle, because' citric acid 
is an important intermediate. The TCA 
cycle is also called the Krebs cyclc, 
after Hans Krebs. 

The TCA cycle yields reduced 
NAD and FAD. These two compounds, 
in the form of NADH and FADH2, 

ultimately transfer electrons to oxygen 
through the electron transport chain, 
conserving energy in the form of 
NADH or FADH2. The total energy 
produced from one mole of glucose 
equals 36 ATP (Figs. 3.6 and 3.7). 

In the frrst step of the TCA cycle, 
active acetate (acetyl CoA) is con
densed with oxalacetate to form citrate 
through catalysis by the enzyme citrate 
synthetase. Citrate is metabolized to 

<OP ATP 

Figure 3.6 Tricarboxylic aCid (TCA) cycle 
[Krebs cycle], which OXidizes acetate to 
CO2 and water. 

isocitrate by tl1e enzyme aconitase. The reaction is readily reversible. Isocit
rate is then decarboxylated to a-ketoglutarate in a complex two-step reac
tion that generates reduced NAD (Fig. 3.6). Each step in this set of reac
tions requires specific enzymes. This is the first oxidation st~p that conserves' 
energy in the form of NADH. 

Next, a-ketoglutarate is decarboxylated to form succinyl CoA and CO2, 

Succinyl CoA is converted to succinate; succinate is oxidized to fumarate by 
the enzyme succinate dehydrogenase; fumarate to malate by fumarase; and 
next malate is oxidized to oxalacetate (OAA) by the enzyme malate dehy
drogenase. Oxalacetate again enters into the cycle shown in Fig. 3.6. Oxal
acetate, the acceptor of acetate, initially formed citrate. The whole series of 
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Figure 3.7 Tncarboxyhc awl (TC A) or Krebs cycle, ,howmg action of enzymes and co
enzymes. Adapted and re-drawn by Habib-ul-Rahman following Salisbury and Ross (1985). 

reactions (four oxidation-reduction reactions) generates three moles of 
NADH, one mole of FADH2, one mole of AlP, two moles of CO2, and two 
moles of water (Figs. 3.6, 3.7). The release of CO2 in the Krebs cycle ac
counts for the product CO2, but no 02 is absorbed during any Krebs cycle 
reaction. 

Primary functions ofTCA (Krebs) cycle. The important primary func
tions of the TCA cycle are: 
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1. Reduction of NAD+ and FAD to NADH and FADH2, which are subse
quently oxidized to yield A TP. 

2. Formation of carbon skeletons that can be used to synthesize certain 
amino acids which in turn are converted into large molecules (Fig. 3.7). 

Thus a-ketoglutarate is converted into glutamic acid and other amino 
acids in the Krebs cycle. Other amino acids such as glutamine and aspartic 
acid are subsequently formed. Amino acids are the basic building blocks for 
protein synthesis. Thus the Krebs cycle is essential for growth processes, 
because it replenishes organic acids converted into large molecules and 
allows the cycle to continue (Salisbury and Ross 1985). 

Factors affecting respiration. Several environmental factors influence • 
the-efficiency of respiration. 

1. SUBSTRATE. Plants respire at the cost of substrate availability. Plants with 
more carbohydrate reserve will respire more than plants with less reserve, 
depending upon other environmental factors. Monosaccharides are the 
primary substrates for respiration. 

2. OXYGEN. Oxygen is important for the' electron transport system and the 
TCA cycle during respiration; without oxygen they cannot function. Further
more, products of fermentation, anaerobic respiration which occurs in the 
absence of oxygen, accumulate and may become toxic. 

3. TEMPERATURE. Respiration increases with increase in temperature. 010 
is a term used to denote the rate of respiration. This is the rate of increase 
in respiration with every increase of 10° in temperature. 

4. AGE AND SPECIES. The respiration rates of different species of plants vary 
differently with age. There is also large variation in -rates of respiration 
among different plant tissues or organs. Root tips and other regions having 
meristematic tissues have higher rates of respiration than other organs. 
Respiration remains high during the period of most rapid vegetative growth. 

3.3 Carbon metabolism 

Fixation of CO2 by green plants and its incorporation into organic com
pounds was explained by Calvin in the 1950's. Calvin and his colleagues 
demonstrated how CO2 is reduced to form sugar and other organic com
pounds. They showed that ribulose bisphosphate (RuBP) was the acceptor 
molecule for CO2 that produced phosphoglycerate (PGA), and that after a 
series of reactions the ribulose bisphosphate was again regenerated and net 
phosphoglycerate was produced. The enzyme which catalyzes the reaction 
is ribulose biphosphate carboxylase. 
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Figure 3.8 Glya»lysis and TeA cycle schematized together to show their role in formation 
of essential compounds. Adapted by Habib-ul-Rahm3l) from Salisbury and Ross (1985). 
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3.3.1 The first product of CO2 fixation 

Ribulose bisphosphate, which is a five-carbon compound, serves as an 
acceptor for CO2, which yields two molecules of phosphoglycerate (a three
carb(m cOIljlpound) as illustrated below. 

OH20P03-

r 
C=O + CO2 

1 

CO -
1 2 

CO -
1 2 

CHOH CHOH+ CHOH 
1 1 1 
CH20P03- CH20P03 CH20P03 

Ribulose-1,5-bisphosphate Phosphoglycerate 

Next, phosphoglycerate is reduced to glyceraldehyde phosphate, the first 
sugar of photosynthesis. Glyceraldehyde-3-P dehydrogenase is the enzyme 
that catalyzes the reduction of the first product, phosphoglycerate, to the 
first sugar of photosynthesis, glyceraldehyde phosphate (Ting 1982). The 
reaction follows. 

CO -
1 2 

CHOH + ATP ---~ 
1 
CH20P03 

° 
11 
C-O-P03= 

1 
CHOH+ ADP 
1 
CH20P03-

The basic reactions have been discussed under glycolysis, where glyceral
dehyde phosphate is oxidized to phosphoglyc~ate. Ribulose bisphosphate 
is regenerated through a series of reactions for further CO2 fIXation. The 
important enzymes involved in all these reaction are RuBP carboxylase, 
glyceraldehyde-3-phosphate dehydrogenase, and RuBP kinase. The enzyme 
ribulose-5-P kinase catalyzes the biosynthesis of ribulose bisphosphate from 
ribulose-5-P and ATP, regenerating the five-carbon acceptor for photosyn
thetic carboxylations. 
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CH20H 
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CH20P03= 
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I I 
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I I 
CHOH CHOH 
I I 
CH20P03= CH20POJ-
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This step is the second phosphorylation of the carbon assimilation 
reactions. OveraIl, the primary reactions of photosynthetic carbon metabo
lism are: 

1. generation of ribulose bisphosphate, CO2 acceptor, 
2. carboxylation reactions, and 
3. reduction of phosphoglycerate to glyceraldehyde phosphate (Ting 1982). 

These reactions are summarized as foIlows: 

1. Ribulose-5-P + ATP --)0 Ribulose Bis-P + ADP 
2. Ribulose Bis-P + CO2 --)0 2 Phosphoglycerate 
3. 2 Phosphoglycerate + 2 ATP + 2 NADPH--)o 

2 Glyceraldehyde-P + 2 NADP + 2 Pi 

Three moles of A TP are required for the uptake of each mole of CO2, 

Two moles of NADPH are also needed. OveraIl, the production of one net 
glyceraldehyde phosphate requires three moles of CO2, nine moles of ATP, 
and six moles Qf NADPH (Ting 1982; Salisbury and Ross 1985). These 
reactions were discovered to work in a cyclical pathway that uses 3-PGA to 
form other sugar phosphates and that also converts some of its carbon back 
to RuBP. The recycling of glyceraldehyde-P back to ribulose through a 
series of reactiom is known as the Calvin-Benson cycle or Calvin cycle. 
Calvin was awarded a Nobel Prize in 1961 for his work. The Calvin cycle 
occurs in the stroma of chloroplasts and has three main parts: carboxyl
ation, reductiom, and regeneration, as explained above. 

3.3.2 The Calvin cycle and the reductive pentose cycle 

Calvin cycle, reductive pentose cycle, or photosynthetic carbon-reduction 
cycle are terms used to refer to all the reactions involved in CO2 fixation 
and sugar-compound formation. After the reduction of PGA, several sugar 
phosphates containing four, five, six and seven carbon atoms are formed. 
These include tetrose (4 carbon) phosphate, erythrose-4-phosphate, pentose 
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phosphate, ribose-5-phos
phate, ribulose-5-phosphate, 
xylulose-5-phosphate, fruc
tose-6-phosphate, fructose-I, 
6-bisphate, glucose-6-phos

-phate, and sedoheptulose-7-
phQsphate. The whole series of 
reactions has been discussed in 
the preceding section. The 
reduction cycle is diagrammed 
in Fig. 3.9. 

STUDY EXERCISES 

BATP 
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Figure 3.9 The reductive pentose cycle, as outlined 
by Melvin Calvin and his associates. 

1. Explain the initial reactions involved in photosynthesis. 

2. What are the important factors influencing photosynthesis? 

3. How does photosynthesis differ from respiration in regard to sugar 
metabolism? 

4. Identify the organic compounds that fix CO2 and predict the first 
formed sugars. 

5. Explain the relationship of respiration to photosynthesis. 

6. Which organic acids are formed during respiration? Explain the process 
of their formation. 

7. What is the overall significance of respiration? 

8. How are different amino acids formed during the metabolic processes? 
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4. PHASES OF PLANT GROWfH 

Abdul Fatah Baloch1 

LEARNING OBJECTIVES 

After studying this chapter, the student should be able to: 

• Name the different ontogenetic stages of plant life 

• Understand the process of gametogenesis 

• Explain the process of fertilization and development'of the plant 
embryo 

• Recount the growth cycle of a fruit ~md assess its importance to 
horticulture 

• Evaluate the natural and synthetic growth inhibitors and their mode of 
action on growth 

• Understand the kinds of pollination and their importance in 
horticulture 

• Assess growth b~havior of plants and factors affecting them 

• Differentiate between annual, biennial, and perennial plants 

• Differentiate between the vegetative and reproductive phases of plants 

• Discuss the concepts of maturity, ripening, and senescence 

4.1 Vegetative growth and development 

Growth is an obvious phenomenon of life. In spite of this it is not easy to 
give a specific definition of it. After sowing, a kernel of wheat becomes a 
plant within a few weeks, and the seed of the gum yielding tree babul (Aca
cia nilotica) becomes a big tree after a few years. In both cases growth has 
taken place and there is increase in size. Increase in size, however, does not 
always imply growth. You must have observed that after rain the wooden 
doors and windows of ~he house absorb water and increase in size. It then 
becomes difficult to close them, but when the weather becomes dry the 

1 Associate Professor of Horticulture, Sindh Agricultural University, Tandojam, Sindh. 
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water absorbed by the wood evaporates and the doors again become normal 
in size. There was increase in size, but it was not permanent. 

Growth is the product of metabolic processes that take place in the 
plant. When conditions are favourable, anabolic (constructive) processes are 
dominant over catabolic (destructive) ones, with the result that there is an 
overall increase in size. The growth of living plants is actually the permanent 
deposition of material which is utilized by the plant to construct new tissues. 
When conditions are unfavourable, and the rate of catabolic processes is 
greater than that of anabolic ones, then growth will cease and the plant will 
ultimately die. 

In short, growth is a vital process that brings about permanent and 
irreversible increase in size and weight. Some plants exhibit growth which is 
rapid but restricted to certain parts of the plant only, e.g. the tendrils and 
some fruits of some members of the Cucurbitaceae family and certain fruits 
such as okra or lady's finger (Abelmoschus esculentus), a member of the 
Malvaceae family. 

4.1.1 Factors affectIng growth 

Adequate water is essential to maintain the turgidity of growing cells, which 
is basic to growth. Protoplasm is able to work properly only when it is 
saturated with water. Water is absorbed by the plant roots from the soil and 
supplied to the leaves through the xylem for the process of photosynthesis. 
A small amount is utilized by the plants for different processes including. 
growth, and the rest is lost during transpiration. 

Oxygen is indispensable for the process of respiration of all living plant 
tissues, particularly the growing parts. Respiration is a process of oxidation 
that releases energy which is utilized for the many activities carried out by 
living tissues. Growth takes place only when the tissues of growing parts are 
supplied with nutrients such as carbohydrates, proteins, vitamins, hormones, 
mineral salts, and micronutrients. 

During the initial stages of growth, light is not very essential. Actually, 
the process of growth takes place more rapidly at night or during darkness 
than in light. In fact, in some cases light has an inhibiting effect on growth, 
for example the germination of seeds. Plants require a certain rate of light 
intensity and wavelength to remain healthy and develop normal sturdy stems 
and green leaves. The proces~of photosynthesis takes place during the light, 
and continuous absence of light is harmful to plants. Plants grown in dark
ness or in dim light become weak, with yellow or pale green leaves, tall 
lanky stems, and a sickly appearance; they rarely produce flowers and fruits. 
Plants showing the above symptoms are said to be etiolated. 

For optimum growth, plants require soil suited to their individual 
characteristics. The texture of the soil is one of its most essential pnperties. 
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Loam consists of about 40% silt, 40% sand, and 20% clay. The capacity of 
soil to retain and distribute water"depends upon the arrangement of various 
soil particles. Well-aerated soil is suitable for plant growth because the roots 
of the plant get sufficient oxygen for respiration. Soils having a low rate of 
gaseous diffusion hamper the respiration of roots, which has an adverse 
affect on plant growth. Loam is considered to be the ideal for the growth of 
beneficial microbes and plants. It has the capacity to retain enough water, 
and permits free movement of water without preventing aeration. 

4.1.2 The seed 

The seed is one of the most important products of the plant; it maintains the 
continuity of the species. The seed performs the essential functions of: 

• REPRODUCTION. Normally, most flowering plants reproduce through 
seeds, except those that are vegetatively propagated. 

• CONTAINER OF EMBRYO. The seed is a container in which tre embryo 
develops and reaches maturity. 

• PROTECTION OF EMBRYO. The embryo remains within the seed and is 
protected from excess CGlld, rain, heat, and other natural calamities .. 

• STORAGE OF FOOD. The food material for the growing embryo is stored 
in the cotyledons or in the endosperm, especially in monocotyledonous 
plants. 

Seeds are the most essential source of food for human beings, animals, 
and birds. The members of the family Gramineae (Poaceae) provide cereals 
such as wheat, rice, maize or corn, sorghum, oats, and barley. The second 
most important family in this regard is the Leguminosae. (Fabaceae). Its 
members provide protein-containing pulse seeds such as gram, beans, lentils, 
peas, pigeon peas, mung, and mash. Industrial oil is obtained mostly from 
castor and linseed. Cotton seed provides oil as well as livestock feed. 

The seed of almond (Prunus dulcis) is ovate-shaped and is enveloped 
by a brown-coloured seed coat and hard endocarp. The seed coat consists 
of two layers fused together. The brown, comparatively thick, outer layer is 
called the testa, and the thin, whitish, inner one the tegmen. On removing 
the seed coat from the soaked seed, the white fleshy embryo is exposed. It 
is made up of two fleshy cotyledons and the shoot-root aXis, to which the 
two cotyledons are attached. The part of the axis directed towards the 
pointed end is the radicle (young root), and the portion lying within the two 
cotyledons is the plumule (young shoot) (Fig. 4.1). 
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Hard seed coat (testa) Almond seed 

Embryo 

Figure 4.1 Parts of almond seed 

4.1.3 Germination 

When a seed is provided with moisture, proper temperature, and air (oxy
gen), the dormant embryo· (young plant) starts growing. This process is 
called germination. There are several types of germination, but here we are 
considering only epigeal and hypogeal germination. 

Epigeal germination. The embryo of the sown seed, for instance a 
melon (Cucumis melo), absorbs moisture and swells. Pressure develops from 
inside, due to which the seed coat ruptures and the radicle (young root) first 
emerges out of the seed coat through the micropyle and goes down into the 
soil. It becomes the primary root and soon gives out lateral roots and fixes 
the young seedling in the soil. The portion of the axis below the cotyledons 
is known as the hypocotyl; this grows relatively fast and pushes the cotyle
dons above the surface of the soil, hence the term epigeal germination. 
Sometimes the ruptured seed coat is also carried along with the cotyledons. 
When the cotyledons are exposed to sunlight or artificial light, they become 
green and through photosynthesis manufacture food material for the young 
seedling. Meanwhile, the plumule elongates and gives out lateral leaves. This 
type of germination is observed in muskmelons, gourds, luffa, beans, and 
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Hypogeal germination. A fairly fresh mango seed (Mangifera indica), 
presoaked over night, is sown in the soil. The huge embryo imbibes mois
ture, and the cells of the embryo become turgid. The pressure exerted by 
this turgidity splits the hard endocarp, which opens at the pointed end. First 
the radicle comes.out and goes towards the force of gravity in the soil. It 
establishes itself in the soil by sending out small hairs and lateral roots to 
absorb water and dissolved mineral salts. The epicotyl, the part of the axis 
situated above the cotyledons, grows rapidly and carries the pIu mule above 
the surface of the soil. The large cotyledons which contain the reserve food 
material do not come above'the surface of the soil; they remain underground 
(hence the term hypogea/ germination), providing nutrition to the growing 
tissue, and ultimately disintegrate. The plumule (young shoot) first gives out 
brownish leaves which turn green when they are exposed to sunlight and 
start manufacturing food material like ordinary green leaves. In this way the 
young seedling is established. Hypogeal germination is also found in litchi, 
groundnut, peas, gram, and jackfruit (Fig. 4.3). 

To observe the stages of germination of seeds, they can be covered with 
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Figure 4.3 Hypogeal germination 

a 2-3 cm thick layer of moist sand, sawdust, or loamy soil. The thickness of 
the layer depends upon the size of the seeds; small seeds need a thinner 
layer than large opes. Presoaking seeds overnight helps germination. 

4.1.4 Vegetative growth patterns· 

Herbaceous plants are small plants with soft stems. Generally, they are 
classified according to their life span as: (1) annuals, (2) biennials, and 
(3) perennials. 

Annuals are those plants which germinate, attain their vegetative growth 
in one season or survive for a few months or a year, giving out flowers and 
bearing fruits and seeds within that period. Almost all seasonal flowers, 
cereals, and most vegetable and edible oil seed plants are annuals. 

Biennials are also herbaceous plants; they complete their vegetative 
growth in the first year. In temperate climates they produce flowers, fruits, 
and seeds in the second year, but in tropical climates they complete their life 
cycle in one year like annuals. Carrot, radish, turnip, cabbage, and beet are 
common biennials of Pakistan. 
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Perennials survive for many years. They can be classified into two 

categories: (1) herbaceous perennials, and (2) woody perennials. Under 

favourable conditions, herbaceous perennials give out aerial shoots from 

dormant underground stems like rhizomes, corms, bulbs, and tubers. The 

aerial shoots, like annual plants, bear flowers and fruits containing seeds. 

During unfavourable seasons, the aerial parts die but underground parts 

persist and remain alive. When the season again becomes favourable, they 

will repeat the same pattern of growth. Ginger, turmeric, arrowroot, crocus, 

and saffron tulip are examples of such perennials. 

Woody perennials may be shrubs or trees. Shrubs are woody, smaller 

than trees, and bushy in habit. They give out several equally strong branches 

without a definite single trunk. They survive for many years. Usually they are 

grown as hedges, climbers, and ornamental plants, e.g. rose, shoe flower, 

night jasmine, crotons, duranta, and lantana. 

Perennial trees are bigger than shrubs and most have a single trunk 

which bears lateral branches in various patterns. Perennial species, therefore, 

adopt different shapes. Some grow tall and become cone shaped like casua

rina, pinus, cedar, and eucalyptus. Others form a canopy-like crown, like 

mango, banyan, and peepal. 

4.2 Reproductive phase 

4.2.1 floral development 

The reproductive phase usually starts when the plant reaches maturity. Most 

of the apical meristems on the branches cease to initiate leaves and start 

producing floral parts in accordance with the traits of the species. The 

formation of flowers is usually the final event during the activity of the 

apical meristem. In annual plants, the beginning of the reproductive phase 

is an indication of the completion of the life cycle. In perennial plants, flow

ering is repeated each season. Flowers may occur at the apex of the main 

central shoot, at the lateral branches, or on both in the form of solitary 

blooms or an inflorescence. Flowering does not continue indefinitely, howev

er; the plant gradually, season by season, flowers, produces fruit, and ulti

mately reaches senescence; Senescence varies in different plants and depends 

upon environmental factors and the longevity of particular species. 

Initiation of Dower buds in temperate-region species. The beginning 

of flower buds in temperate-region fruit species such as apples, peaches, 

pears, cherries, or plums starts between late spring and late summer during 

the year preceding the bloom. Flowering starts after the new shoots have 

reached a certain diameter and a good number of their leaves have matured. 

The fruit yield depends on the number of buds modified from vegetative to 
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reproductive forms. This state depends on the health of the plant and the 
nutrition provided it. Plants that are pruned, supplied with nitrogen fertiliz
ers, and heavily watered will generally produce long, tleshy vegetative shoots. 
Buds appearing on the shoots do not form tlower buds for the foIiowing 
year. On the other hand, weak thin shoots, especially on older trees that 
have low vigour, produce few flower buds, particularly when the number of 
leaves is reduced by insects or diseases. Serious and lingering drought during 
the optimum period of bud initiation in the beginning of summer can pro
duce water shortage in the trees, which hampers flower bud formation. A 
small water deficiency is not harmful; rather, it enhances flower initiation, 
decreases shoot elongation, and causes carbohydrate storage. It is quite clear 
that the care fruit plants receive greatly affects their yield. 

Once the flower I..arts are fully formed in the buds of deciduous fruit 
trees, the buds enter a physiological rest period. During that period they will 
not open even if the plants are provided with favourable temperature, mois
ture, and light conditions. The same is true for vegetative buds on the same 
tree which do not differentiate into flower buds. .-

The initiation of this rest period varies with species and depends upon 
the health of the plant. The beginning of the rest period ranges from mid
summer to late autumn. The physiological rest condition probably begins 
due to the storage of natural growth retardants like abscisic acid and the loss 
of growth-stimulating agents like gibberellin. Chilling of vegetative and 
flower buds by freezing temperatures in winter is required for the reversion 
of the rest effect. When the chilling period is prolonged, bud formation 
ceases. The advent of warm spring temperatures, and sufficient soil moisture 
stimulate the vegetative and flower buds, which grow with vigour. 

Initiation of Dower buds in subtropical species. In some subtropical 
fruits like citrus species and olives, tlower bud induction and development 
are quite different. 

The olive tree (Olea europaea) survives in parts of the world where 
there is a lingering growing season and minimum winter temperatures higher 
than -9°C. Olive varieties generally thrive well where there are chilling 
temperatures in winter, and produce a good number of flowers and fruits. 
Some freezing days during late winter directly influence the vegetative 
growing points so that they are modified into flower buds. Without freezing 
temperatures, almost all the buds remain vegetative. Because of this plant 
habit, olive trees are not grown in warm parts of the world. 

In the citrus species grown in subtropical environments, flower bud 
initiation starts in mid-winter and clear evidence of flower parts appears 
about one month later. In regions where there is a cool summer and mod
erate winter, some varieties of citrus bear flowers throughout the year, but 
the most prolific blooming is in spring. In tropical regions close to the 
equator, citrus flower buds initiate and bloom throughout the year. This 
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applies to citrus fruit such as oranges, lemons, and pomelos. For these fruits, 

freezing temperature during winter is not required to break bud dormancy. 

Initiation of flower buds in some tropical fruit species. The beginning 

of flowering in mango (Mangifera indica) appears to depend on-environmen

tal factors that retard growth, like a lengthy dry or cool period. Hormones 

produced in the leaves are transported to the shoot to initiate flowering in 

the buds. This begins in late winter or earlY,spring. The initiation of flowers 

in pineapple plants (Ananas comosa) can be brought about by applying 

Ethephon to the growing points, which liberates ethylene. In this case, induc

tion of flowering is stimulated by the hormone. The initiation of flowering 

in coffee trees (Coffea arabica) begins with the appearance of the flower pri

mordia. The Howers bloom almost one mqnth later. The period of t10wering 

depends upon the environmental conditions prevailing at that time. After a 

long dry period, Howering begins within one month after the start of the 

rains. With sufficient soil moisture and favourable growing temperatures, 

Howering and fruiting take place intermittently throughout the year. 

Flower morphology. The Hower is the reproductive phase of the plant 

which is responsible for the production of fruit and seeds. Parts of the 

tlower generally include calyx (sepals), corolla (petals), androecium (sta

mens), and gynoecium or pistil (carpels). The morphology of several Howers 

is presented in Chapter 2. 

Gametogenesis. Gametogenesis;s the formation of male and female ga

metes in the Hower. The process of gametogenesis varies significantly among 

major classes of plants. It comprises two processes: (a) microsporogenesis, 

and (b) megasporogenesis. 

In angiosperms, microsporogenesis takes place in the anthers of flowers. 

In the beginning some central cells of the pollen chamber or pollen sac are 

activated; these cells are called microsporocytes or pollen grain mother cells 

and are diploid (2n). The nucleus of each microsporocyte enlarges, and 

meiosis or reduction division takes place. Two nuclei are formed, each of 

which has half the number of chromosomes of the original cell [haploid (n)]_ 

Immediately after this the two newly-formed nuclei divide mitotically and 

form four nuclei, but this time the number of chromosomes is not reduced; 

each has a haploid (n) number of chromosomes. A cleavage of the cyto

plasm develops separating the four nuclei into four clear compartments or 

pollen cells. The original wan of the pollen mother cell degenerates. Each 

pollen cell gets nourishment from surrounding tapetum cells and develops 

a tnick outer wall called the exine, and thin inner wall known as the intine. 

Meanwhile, the nucleus of each pollen grain again divides mitotically and 

two nuclei are formed. One of these is called the vegetative nucleus or tube 

nucleus, and other is known as the generative nucleus. In this form, the 

mature polkn grains are released from the anther when dehiscence takes 
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place. The formation of pollen grains or microspores in the above manner is caIled microsporogenesis (Fig. 4.4). The type of development which takes place in the female part of the ovule (ovary) to give rise to female reproductive cells within the ovule is known as megasporogenesis. Inside the ovule at the early phase of the development of the nucleus, one of the cells of the nuceIlus becomes active and larger than the other cells. It is called the megasporocyte or embryo sac mother cell, and is diploid (2n). Meiosis takes place and it divides into two cells each containing a haploid number of chromosomes (n). The two newlyformed cells now divide mitotically, i.e. their chromosome number remains haploid (n). In this way a vertical row of four haploid cells called megaspores is formed. After this, the upper three disintegrate, but the lowest one survives and becomes the embryo sac. Its nucleus divides three times mitotically, and eight haploid nuclei are formed. Three of these migrate towards the chalaza! end and are known as antipodal nuclei or cells. Another three go towards the micropylar end. Of these three, the central one becomes the ovum or egg or female gamete, and the two lateral ones are called synergids. The remaining two nuclei fuse in the middle of the embryo sac and form the polar nuclei, fuse, and form a diploid nucleus (2n) (See Fig. 4.5). 
4.2.2 Pollination 
The transfer of polien grains from the anther to the stigma by a pollinating agent is called pollination. There are two main mechanisms of pollination: (a) autogamy or self-pollination, and (b) allogamy or cross-pollination. Autogamy or self-pollination. Pollination occurring within a hermaphrodite or bisexual or perfect flower, or between two such flowers situated on the same plant of the same variety or cultivar, is known as self-pollination. A1logamy or cross-pollination. The transference of pollen grains by pollinators such as bees, butterflies, moths, wind, water, squirrels, birds, bats and animals, or even humans from the anther of one flower to the stigma of another flower situated on a different plant of the same species, or on cultivars of related species is called cross-pollination. Two parents are involved in this process, and two different haploid (n) sets of chromosomes are brought together. In this process the combination of two sets of parental traits or characters is possible. The production of hybrid offspring is thus possible and probable. In comparison to inbreds, hybrids are healthier and higher yielding; therefore horticulturists use this method to get new varieti~s or cultivars of fruits, flowers, and vegetables. 

. , Tnsect-pollinated plants generally have showy, coloured flowers, scent, or nectar, e.g., queen of the night, jasmine, rangoon creeper, poinsettia,larkspur, salvia, snapdragon, and garden ,nasturtium. Wind-pollinated plants usually do not have showy flowers and do not possess scent. The anthers 
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Figure 4.5 Gametogenesis In angiosperms -megasporogenesis 
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produce pollen grains in great quantity. These pollen grains are light in 
weight and dry so that they are carried easily by the wind to great distances. 
Papaya, maize or corn, date palm, and coconut are wind-pollinated species. 
Water-pollinated plants generally have large flowers and leaves which tloat 
on the surface of the water. The female stigma receives floating pollen 
grains, as in the water lily and giant water lily, while animal and hird-polli
nated plants usually have abundant nectar. Bats, squirrels, and hirds visit 
tlowers for nectar, and pollen grains stick to their bodies. When they go 
from one flower to another and from one plant to another, pollen grains are 
carried from one plant to another and cross-pollination takes place. The silk 
cotton tree, coral tree, and rose apple are pollinated by animals. 

Advantages and disadvantages of self and cross-pollination. Self-polli
nation has the advantage that it takes place in bisexual flowers, wherc both 
male and female parts mature at the same time and there is great possibility 
of fertilization and fruit formation. There are a number of suggested advan
tages of cross-pollination. (i) Hybrids possess greater adaptability to the 
environment. (ii) They have better germinating ability. (iii) Offspring pro
duced are more capable of surviving. (iv) Variation is increased. Two disad
vantages are: (i) In self-pollinating species the vigour of the offspring may 
decrease generation by generation.'(ii) There is a possibility that pollination 
may fail to occur. 

4.2.3 Fertilization and development 

Fertilization. Fertilization is the union of male and female gametes (sperm 
and ovum). After the transfer of pollen grains to the receptive stigma, they 
are invigorated, and the inner wall (in tine ) of each starts growing 'through 
one of the germ spores and forms a pollen tube. The receptive stigma se
cretes a viscous sugary substance that accelerates the growth rate of the 
pollen tube inside the style. It carries the tube nucleus and the generative 
nucleus. The vegetative or tube nucleus disintegrates, and the generative 
nucleus divides mitotically into two male gametes or sperms. In some cases 
the generative nucleus divides t!ven before pollination. The pollen tube 
generally grows and goes towards the micropylar end of the ovule, carrying 
the two male gametes through the micropyle into the embryo sac. The tip 
of the pollen tube dissolves, setting free male gametes inside the embryo sac. 
One of them fuses with the egg or ovum (n); this is known as fertilization. 
The fertilized ovum becomes diploid (2n) and eventually develops into the 
embryo (young plant) of the second generation. The other male gamete 
unites with the polar nuclei (2n) and becomes triploid (3n). The union of 
the second male gamete with the polar nuclei is known as double fertiliza
tion. These three nuclei collectively develop into the endosperm, the food 
for the young embryo. Meanwhile, the synergids and antipodal nuclei 
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degenerate. The actual function of these is not yet fully understood. The 
whole ovule ultimately develops into the seed of the second generation and 
the ovary into fruit. In some cases, other parts of the flower, especially the 
receptacle, also grow along with the ovary and form the fleshy edible part 
of the fruit. 

Sometimes the fruit is formed without fertilization; this process is 
known as parthenocarpy and such a fruit is called parthenocarpic. Such 
fruits do not contain seeds, like some banana cultivars, grapes, mulberries, 
and pineapple. 

Development of the embryo. In dicotyledonous plants, when the pro
cesses of fertilization and double fertilization are over, the fertilized ovum 
is covered by a cellulose wall and becomes a zygote. The zygote remains 
inactive for several days inside the endosperm. Essential changes such as the 
synthesis, multiplication, and organization of ribosomes; decrease in the size 
of the vacuoles; formation of the endoplasmic reticulum; and other changes 
in cell organelles appear to make the zygote ready for intensive metabolic 
activity. It then divides mitotically into two upper and lower cells. The lower 
cell divides in one plane forming a row of cells called the suspensor. The 
suspensor becomes larger, penetrates deeper into the endosperm, and 
obtains food material for the developing young embryo. During the subse
quent processes of development, the suspenSor becomes disorganized. The 
upper cell is known as the embryonal cell. It increases in size and divides 
mitotically into three planes forming eight cells. Four of these cells divide 
and form the posterior octant, and the other four cells opposite the micropy
lar end form the anterior octant. Each octant then divides, by a wall parallel 
to its cuived surface, forming a superficial layer of cells and a central mass 
of cells that forms an embryonal mass. The superficial cells divide radially 
only and form a single layer of root apex and stem apex. The embryonal 
mass tissue divides further, forming various tissues, each of which differenti- . 
ates into a specialized part of the embryo, such as the plumule, two cotyle
dons, the hypocotyl, and the radicle (Fig. 4.6). 

Further cell divisions of the stem apex give rise to a globular mass of 
cells filled with cytoplasm. Its surface cells form the protoderm, which is the 
precursor of the epidermis. The central core of cells becomes elongated and 
forms the precambium, which is the beginning of the vascular system. The 
remaining cells in the centre of the globule divide actively and give rise to 
the ground-tissue system. The differentiation of tissues and organ formation 
begin with the appearance of the cctyledons. The initial embryo becomes 
a,lmost heart-shhped. At the central position of the two cotyledons, a cluster 
of cells becomes organized and gives rise to the apical meristem. Another 
cluster of cells at the opposite side of the embryonic axis forms the root 
meristem. These two meristems are situated in a position inside the endo
sperm that permits their continuous growth. Vitamins, auxins, and cytokinins 
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needed for the normal development of the young embryo are provided by 
the endosperm. 

The apical meristem of the shoot gives rise to new organs and tissues 
like shoot apex and young leaves. The initial leaves are close to each other 
because the internodes are short. The leaves are situated at regular spaces 
surrounding the stem. In due course of time, the shoot is exposed. Under 
a microscope, it looks like a dome-shaped mound or a flattened cone, or in 
angiosperms depressed in shape like a saucer. When a longitudinal section 
is observed under a microscope, this region appears very organized. One or 
more layers of cells cover the surface; and in the axils of the leaves the 
primordia and small pockets of meristematic tissues are visible. These 
develop into small shoot apices and eventually into axillary buds. 

The arrangement of cells is more regular in the root apex than in the 
shoot apex, with clearly defined layers which correspond in number and 
arrangement to the regions of the mature root. The apices of root and shoot 
possess sufficient food material for growth. The root apex controls its own 
activity and has the potential of forming the mature root. 

The modification of vegetative primordia into reproductive primordia 
is brought about by complex biochemical changes which are not fttlly under
stood. This mysterious change alters the mode of differentiation from vege
tative bud and stem tissues to the tissues that form the reproductive organs 
such as gynoecium (pistil) and androecium (stamens) and accessory parts of 
the flower like sepals and petals. When a meristem is being altered from the 
vegetative to th~ reproductive form, microscopic modifications in its struc
ture become visible. This structural change is permanent and flower forma
tion continues until the flower is fully mature. At this juncture the flower is 
ready for the development of the fruit. There are two main patterns of 
endosperm development: (i) nuclear, and (ii) cellular. 

I. NUCLEAR PATIERN. In this pattern, a triploid (3n) endosperm nucleus 
divides a number of times without corresponding cell-wall formation. As a 
result, several hundred nuclei are generally formed, and a large vacuole is 
developed in the embryo sac. Cytoplasm along with nuclei are pushed 
towards the border of the embryo sac and the nuclei are almost uniformly 
distributed. Cell-wall formation is centripetal, and in this way a mass of ceUs 
is formed, each of which has a nucleus and a ceU wall, and is filled with food 
substances. This accumulated mass of cells is known as the endospenn. It 
grows and fills up the embryo sac. 

11. CELLULAR PATIERN. In this pattern, a triploid (3n) endosperm nucleu,s 
divides several times forming numerous nuclei; and around each nucleus a 
ceU wall is formed. The wall may be longitudinal, transverse, or oblique, 
depending upon the plant species. In this way, numerous cells are formed, 
each having a nucleus and food materials. The tissue of the seed is called 
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end os perm. In non-endospermic seeds such as garden peas, French beans, 
gram, sunflower, mango, orange, and guava, the cotyledons store up the 
endosperm and become thick and succulent, while in endospermic seeds 
such as papaya, palm, lilies, custard apple, four o'clock plant, wheat, maize, 
rice, and barley, there is a separate chamber surrounded by the seed coat 
and fruit wall (pericarp). The accumulated food, whether it is in the cotyle
dons or in the endosperm, is utilized by the embryo during germination. 

The two integuments of the ovule change into the two parts of the seed 
coat: the outer one becomes the testa and the inner one the tegmen. In 
some plants such as the four o'clock (Mirabilis jalapa) and coffee, the nucle
us also survives and develops into a nourishment-providing tissue like endo
sperm which is known as periderm. The coffee bean consists of periderm 
tissue. The ovule finally becomes the seed and the ovary the fruit. 

Fruit growth. The treatment of fruit growth here is mostly restricted 
to succulent fleshy fruits because of their horticultural and commercial 
importance. Generally, the growth of fleshy fruits adopts two patterns. In 
one set of fruits like tomatoes, apples, pears, and lemons, cell division and 
cell enlargement are rapid in the beginning and gradually slow down as the 
fruit approaches maturity. The other group of fruits, e.g. mangoes, plums, 
Indian plums, pears, and apricots, exhibit continuous cell division at the 
initial stage, slow down during stone (endocarp) formation, and again re
sume continuous cell division and enlargement until the fruit matures. In 
some cases like apples and pears, some access9ry parts like the receptacle 
also grow along with the fruit. These form the succulent t:dible part of the 
fruit and contain more intercellular spaces than other parts of the fruit. 

The period of growth varies in different types of fruits, generally ranging 
from four to five months. Fruit development is regulated by numerous 
internal and external factors. The most important among them are pollina
tion effect, fertilization effect, and development of the embryo and seed. 
Growth regulating substances such as hormones, auxins, gibberellins, and 
cytokinins greatly influence fruit size and weight. Their action on growth is 
mostly physiological; it varies in different types of fruits and is very complex. 

Pollination is one of the most essential steps in fruit development. It 
performs two separate functions: one is the procurement of male gametes 
or sperms necessary for fertilization; the second is provision of an enzyme 
that alters auxin precursors available in the stigma into auxins. 'Ple growth 
of the pollen tube inside the style is affected by the availability of proper 
osmotic concentration and is also accelerated by the presence of certain 
inorganic chemicals like manganese sulphate, boron, and calcium. The 
presence of sugary substances secreted by the female organs enhances the 
growth of the pollen tube. When the pollen ~ube does not grow rapidly 
inside the style, abscission of the entire flower and ultimately the failure of 
fruit development are likely. This is generally overcome by the application 
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of CL-naphthalene acetamide, one of the set of auxins. 
There is an interesting phenomenon known as metaxenia. The term 

refers to the direct effect of pollen grains on the female tissues of the ovary 
of a related cultivar of the same species. This inference is based on the 
observation that the hormone content of the ovary increases after pollina
tion. In some fruits and seed coats the skin colour is observed to be affected 
by the source of pollen; this happens with fruits of the Cucurbitaceae family, 
for example. In oranges, the colour and flavour of fruit are influenced by the 
pollen parent. In dates, the size and the time of ripening are influenced by 
the kind of pollen (Markhand et al. 1991). Metaxenia differs from xenia, the 
direct influence of pollen grains on endosperm tissue colour, observed in 
maize, for example. 

The development of the fruit is also affected by a stimulus from the 
developing seeds within the fruit. Uneven distribution of seeds causes irregu
larly shaped fruits. In fruits su,ch as tomatoes and strawberries, a direct 
relation exists between number, weight, and size of seeds. With strawberries, 
for example, if all the achenes except one are removed, the receptacle tissue 
that is immediately below that particular achene enlarges. When more than 
one ache ne are present, only the portion of the receptacle tissue which has 
achenes will develop. The growth-inducing effect of the seeds can be re
stored in the seedless part of the receptacle by the application of auxins. 
With tomatoes, when the liquid extract obtained by squeezing pollen grains 
or immature seeds is applied to the stigmas of unpollinated pistils, it acceler
ates fruit growth. This effect of pollen or seed extract can be duplicated by' 
applying a paste containing an auxin. The stimulating effect of seeds or 
pollen on the growth of other fruits such as peppers, eggplant, and figs is 
also altered by the application of auxins. In addition, fruit setting is stimu
lated in grapes, apricots, apples, and pears by the use of gibberellin. Simi
larly, cytokinins enhance fruit setting in grapes. 

Auxins are usually used with apples, grapes, and pears; they are espe
cially effective on the stone fruits like peaches, apricots, olives, plums, and 
cherries. The extent of action is related tu the concentration of chemical ap
plied, the stage of development of the fruits, the variety or species, and the 
temperature and humidity prevailing at the time of application. 

The adequate availability of nutrients and moisture at appropriate 
stages of development greatly influences the number and size of fruit. For 
example, it has been calculated by horticulturists that on a healthy mature 
apple tree, about 40 leaves provide sufficient nutrients for the normal 
growth of one apple. When this ratio is abnormally altered, the quality and 
size of fruits are affected. If the number of fruits is high their size will be 
reduced. Therefore, fruit growers generally artificially reduce the number of 
fruits in order to maintain size and quality. This reduction of crop load IS 

called fruit thinning. Crop bearing may also be decreased with chemicals. 
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However, the mode of action of chemicals such as naphthaleneacetic acid 
(NAA) and its derivatives is not clearly understood. Probably it retards the 
process of fertilization, or causes inhibition of embryo development or 
abortion of the embryo after fertilization. The result is natural fruit thinning. 

4.2.4 Maturityl ripening, and senescence 

Maturity. Maturity and ripening are two separate processes. Maturity of 
fruit is the final stage of development that must take place when the fruit 
is still attached to the mother plant. The enlargement of cells and storage 
of carbohydrates is taking place. Aroma and taste-producing substances are 
being accumulated, and acidity is decreasing. Generally, the fleshy edible 
portion is not yet softened. Ripening of fruit involves certain biochemical 
changes which take place in the fruit after full maturation. The softening of 
the edible portion is near completion. Production of the fruit's characteristic 
aroma and sweet juice increases. Ripening may take place before or after 
harvesting. 

For example, a popular grafted mango variety Sindhri, grown in Sindh, 
is usually harvested before it is ripe on the tree. Generally, the fruit is con
sidered to be mature and ready for ha:(Vesting when one or two naturally 
ripe, yellowish mangoes drop from the tr.ee. The harvested mangoes are 
mature, hut are still green, sour, hard, and not ready to be eaten. The 
harvested green fruit is kept in wooden crates or porous new earthen pots 
between layers of wheat or rice straw, hay, grass, old newspapers, etc. These 
crates or earthen pots are stored in closed storage rooms for ripening, which 
is usually complete in a week. The ripened fruit possesses an attractive 
yellow colour and aroma, and becomes sweet, juicy, and tasty; at this point 
it is brought to market and fetches a good price. Generally, Sindhri mangoes 
are transported to big cities like Karachi, Lahore, Hyderabad, and Islam
abad, and exported to the Middle Eastern countries packed in wooden 
crates in the above manner. Ungrafted varieties of mango are harvested for 
making pickles before maturity when the endocarp (stone) becomes hard. 

Ripening. Physiological changes indicate the termination of the mature 
stage and the initiation of senescence of fruit. The period in which a number 
of specific biochemical changes- a significant and abrupt increase in natural 
respiratory rate, and autocatalytic production of ethylene- take place before 
senescence is called the climacteric. After the climacteric, the rate of respi
ration again decreases and reaches a level equal to or less than the rate 
prevailing before the climacteric. For example, in some varieties of apple, 
pear, and banana, the {Jigment changes from green to yellow. The ripening 
of pears synchronizes with the end of the climacteric. With apples and 
bananas, the stage of ripening at which the fruit are best to eat is reached 
immediately after the climacteric. 
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There are different views regarding climacteric increase in rate of 
respiration. One idea is that the acidity of the tissue cytoplasm decreases to 
a critical stage that increases the permeability of the cell membrane. Thus 
fructose already stored in the vacuoles possibly enters into the cytoplasm 
and becomes available for the enhanced rate of respiration. A second view 
is that adenosine diphosphate (ADP) and adenosine triphosphate (ATP) 
play a role in energy production during respiration. A portion of energy is 
kept for the chemical change of ADP to ATP. It is supposed that during 
fruit maturation, cells enlarge quickly and require more energy for protein 
synthesis; as the fruit matures ADP is readily made available for the in
creased rate of respiration. 

Temperature has a significant effect on fruit maturation and the climac
teric. For example, the rate of respiration of the apples at 22°C is five times 
more than that of those at- 2°C; and the time required to reach climacteric 
is 25 times more for the apples kept at 2°C. 

Fruit ripening is a DNA-regulated activity similar to other plant devel
opment processes. There is an increase of RNA and enzymes such as hydro
lase, synthetase, and oxidase in climacteric fruits. Ethylene plays an active 
part in fruit ripening and accelerates the process; ripening can be retarded 
by the removal of ethylene from the tissues of preclimacteric fruits. Howev
er, the mode of action of ethylene on fruit ripening is not fully understood. 

Senescence. Senescence is a physiological aging activity in which plant 
tissues d',generate and ultimately die. The activity is one of the most myste
rious plant growth processes, and takes place in almost all organs of the 
plant. It can be considered under two categories: partial senescence and 
complete senescence. . 

Partial senescence. Partial senescence involves the degeneration and 
death of aerial plant parts like leaves, branches, flowers, and fruits, but not 
underground plant parts - e.g. the deterioration of cotyledons after germina
tion observed in almost all plants. With deciduous plants in unfavourable 
seasons, especially in winter, the leaves fall. In the commercially important 
woody perennial shisham or tali (Dalbergia sissoo), the leaves become senes
cent, die, and fall off in winter. The rest of the plant survives, gives out new 
leaves in spring, and bears flowers and fruits in the ensuing summer. Shoots 
of herbaceous perennial plants die during unfavourable seasons, but the 
underground parts survive and remain viable in the soil. This happens with 
the corms of taro (Colocasia esculenta), gladiolus, crocus (Colchicum autum
nale), tubers of potato (Solanum tuberosum), and Jerusalem artichoke 
(Helianthus tuberosus); the bulbs of onion (Allium cepa), garlic (Allium 
sativum), and lilies; and the rhizomes of turmeric, ginger, and arrowroot. 

Complete senescence. This is the aging process in which all parts of the 
plant except the seeds ultimately die. It is observed in almost in all cereals, 
pulses, vegetables, and ornamental seasonal flowers. In other words, annual 
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or seasonal plants complete their life cycle after maturity of their fruits or 
seeds. In perennial shrubs and trees, a gradual aging process takes place. 
Their older organs degenerate and ultimately die, and new shoots arise, 
mature, and bear flowers and fruits. In this manner plants survive for many 
years. In addition, some perennial woody plants are invigorated by severe 
pruning and by provision of fertilizers to stimulate the growth of adventi
tious buds around the pruned branches. For example, in ber (Zizyphus 
mauritiana) after the fruiting season is over in late spring, the old branches 

" are pruned in early summer. New adventitious buds arise around the pruned 
branches in summer, mature in late summer to autumn, and bear flowers in 
the form of il:lflorescence in the axils of new leaves on current shoots in the 
ensuing winter. therefore, in this plant regular pruning is necessary to 
induce healthy growth and obtain maximum fruit yield. 

Considerable study has been done on the senescence of different parts 
of plants, especially on abscission of leaves. It is thought that during senes
cence photosynthesis, starch, chlorophyll, DNA, RNA, proteins, gibberellins 
and auxins decrease. There are different hypotheses regarding the cause of 
the senescence of annual or seasonal plants. The most important relates to 
the quantities of nutrients produced by the plants during various activities. 
A considerable amount of nutrition is consumed during flowering, fruiting, 
and seed formation. Therefore, after these processes take place the plants 
deteriorate and finally die due to lack of sufficient nourishing substances. 

4.3 Modifying plant growth 

4.3.1 Photoperiodism 

The recurring cycle of daylight and dark periods of regularly changing 
duration is crucial for normal growth and reproduction of plants. The num
ber of daylight hours is referred to as the photoperiod. The response of 
plants to the relative length of daylight or darkness is known as photope
riodism. The effect of daylength on growth and reproduction of plants was 
studied by 9arner and Allard in America. They have classified plants mainly 
into three catcgories, according to the effect of photoperiod: (i) short-day 
or long-night plants, e.g.: cosmos, soybean, chrysanthemum, and poinsettia; 
(ii) long-day or short-night plants, e.g. spinach, althea, winter whcat, and 
oats; (iii) day-neutral plants, e.g. cucumber, kidney bean, pea, and tomato. 
Thc dividing line between daylengths favourable to vegetative growth and 
tho';c inducing tlowering and seed formation is called the critical light 
period for a specific plant. 

The period of daylength from sunrise to sunset differs throughout the 
world depending on the time of year and geographical zones, exccpt on the 
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spring and fall equinoxes, when days and nights are of equal length through
out the world. Generally, 12 to 14 hours of continuous sunlight or artificial 

. illumination is the critical light period for a particular plant. One hour or 
even a half-hour difference may cause major physiological changes in the 
plant. 

. The phenomenon of photoperiodism is important in controlling the 
flowering of a good number of horticultural and agricultural plants. Short
ening 'Of the period of daylight by artificially shading the plant with coarse 
black cloth or black plastic, or lengthening the period of daylight by electric 
illumination can induce early flowering. For example, aster and chrysanthe
mum, short-day ornamental plants, are forced into flowering by commercial 
floriculturists at will by covering them in the morning and evening in sum
mer with coarse black cloth to shorten the long photoperiod and provide 
flowers commercially throughout the year. Long-day plants such as spinach 
and sugar beet are brought into flowering by additional artificial illumination 
in winter. Photoperiodism is an important consideration in raising plants in 
seasons when the requisite daylength does not occur naturally. 

4.3.2 Plant hormones 

Plant hormones are natural substances produced by plant tissues in small 
quantities, especially at the growing points, and transported to other regions 
where they are required to regulate the activities of the plant. Plant growth 
reguhitors are synthetic produCts, which when applied to plants produce 
reactions almost identical to those caused by natural hormones. Therefore 
in general both plant hormones and plant growth regulators are classified to
gether in five categories: auxins, gibberellins, ethylenes, cytokinins, and 
abscisic acids. 

Auxins are formed in abundance in growing regions such as terminal 
and lateral buds, elongating internodes, and the young embryo in its devel
oping stage inside the seed. They are translocated through the vascular 
bundles to other parts of the plant, especially from apical to basal regions. 
The accumulation of auxins in terminal buds inhibits the growth of lateral 
buds. To avoid this, apical tips are pruned, thereby inducing a number of 
lateral buds below the cut portion of the stem or branche~. In this way 
hedges and edges are thickened. There are numerous natunHand synthetic 
auxins: indoleacetic acid (IAA), indolebutyric acid (IBA), naphthaleneacetic 
acid (NAA), and 2,4-dichlorophenoxyacetic acid (2,4-D). Synthetic auxins 
are utilized for several purposes in horticulture and agriculture: . 

I. BEGINNING ADVENTITIOUS ROOTS: Stem cuttings of various fruit species, 
for example mulberry, pomegranate, fig, grape, and olive, are treated with 
IBA and NAA for early initiation of adventitious roots. 
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11. KILLING WEEDS: 2,4-D is used for annihilation of broadleaf weeds such 
as bindweed (Convolvulus arvensis), lamb's quarters (Chenopodium album), 
wild radish (Raphanus sativus), and prickly poppy (Argemone mexicana) in 
cereal crops. 

Ill. MICROPROPAGATION OF PLANT SPECIES: Auxin or 2,4-D in small quantity 
is used in plant tissue culture under aseptic conditions in glass vessels con
taining explants (minute pieces of tissue) for accelerated beginning of roots 
and shoots in them. The explants a're then separated for developing into full 
size plants. In this way thousands of plants are produced in a short time in 
the laboratory. Nowadays plum (Prunus domestica), apple (Pyrus malus), 
rose species, and many other commercially important plants are propagated 
true-to-parents by this method. 

IV. SElTING OF FRUITS: In tomato (Lycopersicon esculentum), spraying of 
auxin 4-chlorophenoxyacetic acid (4-CPA) in adequate quantity before flow
ering enhances fruit setting. 

v. CHECKING PRE-HARVEST FRUIT DROP: In oranges, pears, and apples, fruit 
often drops to the ground before it can be picked. To control pre-harvest 
drop, the synthetic auxin NAA is sprayed in dilute form. ' 

Gibberellins, a group of natural plant hormones, are obtained from the 
fungus Gibberella and many higher plants. These are present in the apices 
of shoots and leaf primordia of plants, and ill' embryos and cotyledons of 
immature seeds and fruit tissues. A good quantity of gibberellin is formed 
in roots. Gibberellins are easily transported both upward and downward 
throughout the plant. Gibberellins are manufactured commercially in crystal
line form as acids or potassium salts. They perform numerous regulatory 
functions such as stimulation of growth enhancing cell division, cell elonga
tion, beginning of flowering, sex determination, fruit setting, fruit growth, 
ripening of some fruits, senescence of leaves, and breaking the dormancy 
period of seeds and buds. Gibberellins are said to be the most effective and 
essential set of plant hormones, despite the fact that little is known about 
their physiological mechanism of action. Some of essential uses of synthetic 
gibberellins in horticulture and agriculture are: 

I. ENHANCING SEED GERMINATION AND SEEDLING GROWTH: Soaking seeds of 
numerous plants such as pea (Pisum sativum), French bean (Phaseolus 
vulgaris), barley (Hordeum vulgare), grape (Vitis vinifera), and apple (Pyrus 
malus) overnight in different concentrations of gibberellic acid has proven 
very effective in stimulating germination and seedling growth. 

11. ELIMINATING COLD TREATMENT: Plants like radish (Raphanus sativus) and 
turnip (Brassica rapa) do not flower and bear fruit in temperate climates due 
to cold. A few applications of gibberellic acid in low concentration on the 
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leaves stimulates flower bud initiation, and the plants bear flowers and fruits 
as they do in tropical regions. 

Ill. INITIATING MALE FLOWERS IN CUCUMBER (Cucumis sativus L.): For hy
bridization purposes, the leaves of different cultivars of cucumbers are 
sprayed once with a low concentration of gibberellic acid. In this way the 
number of male flowers is increased, and an thesis starts in them when the 
female flowers are ready for pollination. Thus hybridization becomes possi
ble for the production of hybrid seed. 

Ethylene, in comparison to other hormones, is a minute molecule 
(CZH4). Like carbon dioxide (COz), ethylene in the gaseous state spreads 
easily through the plant, and affects it even in small quantities. Because of 
its tiny molecules, it moves rapidly through the plant in water solution. It is 
produced in meristematic tissues of plants, germinating seeds, withering 
flowers, maturing and ripened fruits, and in injured plant tissues. A synthetic 
commercial product, Ethephon, produces a good amount of ethylene auto
matically when applied to plants. There are a number of views about the 
mode of action of ethylene. One of them is that it regulates certain kinds of 
DNA transcription of RNA. In this way RNA-guided protein synthesis 
ultimately alters the enzyme forms. Ethylene and the ethylene-releasing 
Ethephon have numerous horticultural uses such as: 

I. INDUCING FRUIT MATURITY: Ethylene in gaseous form is forced into 
storage houses for ripening bananas, watermelons, muskmelons, and toma
toes. Ethephon is sprayed before harvesting on apples, figs, cherries, coffee 
beans, and pineapple to induce uniform ripening of the fruit. Ethylene
releasing chemicals are also sprayed on mature but green fruit to bring it to 
its natural ripened colour to increase its commercial value. 

11. INITIATING FLOWERS: Ethylene gas obtained from Ethephon is utilized for 
initiation of flowers in a number of ornamental flowers, pineapple and 
banana. 

Ill. ALTERING mE SEX OF FLOWERS: Members of the Cucurbitaceae family 
bear more male flowers than female ones on the same plant. Spraying 
Ethephon on cucumber and pumpkin vines during the vegetative stage 
increases the number of fertile female flowers which develop into fruits, ; 
thus increases the yield. 

IV. CHANGING mE GREEN COLOUR OF CITRUS FRUITS: When citrus fruits 
reach maturity, their rind is still green. To bring them to their fully-ripened 
colour they arc treated with ethylene or dipped in Ethephon solution before 
packing and marketing. During transit, their green colour changes du to 
modification of chiorophyU, yellow carotene (orange-red), and xanthoph 
(yellow) pigme!lts. 
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V. ABSCISSION-INDUCING EFFECT: Some fruit like walnuts, cashew nuts, and 
sour cherries are harvested by shaking the trees. These fruits are tightly 
attached and do not drop easily. Spraying Ethephon a week before harvest
ing induces abscission in the stalks of the fruit. In this way a good number 
of fruits drop or can be pulled away easily by hand. With some commercially 
important flowers like tulips, carnations, and geraniums, a small quantity of 
ethylene may sometimes produce harmful effects. To overcome this they are 
treated with silver thiosulphate. 

Cytokinins. These are a set of plant hormones which support plant-celI 
division and take an active part in numerous physiological activities of plant 
growth and development, namely dormancy, cell elongation, tissue differenti
ation, various aspects of flower formation and fruit development, and inhibi
tion of leaf deterioration processes. There are a number of synthetic as well 
as natural cytokinins. One of the prominent natural cytokinins is zeatin 
which is obtained from maize seed and coconut milk. Some common syn- . 
thetic cytokinins are kinetin and benzyladenine. Cytokinins are found in 
various plant tissues in the free hormonal state or as one of the component 
forms of transfer ribonucleic acid (tRNA). A good quantity of cytokinins is 
present in embryos, germinating seeds, in early stages of developing fruits, 
and in meristematic tissues. Cytokinins formed in root tissues are transport
ed towards the shoot. The mode of physiological action is not fully under
stood. Probably they indirectly enhance enzyme activity and thereby increase 
the DNA produced by the plant tissues. 

Some uses of cytokinin"s in horticulh\re are: 

I. TO STIMULATE SHOOT DEVELOPMENT: A small quantity of cytokinin is put 
in culture media under aseptic conditions to stimulate shoot development. 

11. DELAYING SENESCENCE: When cytokinins are applied to green tissues of 
plants, their senescence is delayed. 

Ill. ACCELERATING BUD GROwru: Growth of axillary buds in roses and 
chrysanthemum is accelerated, probably by hampering the activity of natural 
bud inhibiting agents. 

Abscisic acid (ABA). This is a natural plant hormone, which instead of 
promoting growth retards it. It is widespread in plant tissues; cotton fruits, 
leaves of the sycamore tree, and especially the fruits of rose (hips) are rich 
in abscisic acid. It is also found in the leaves of plants which are under water 
stress. It is obtained by alcoholic extraction frem the above plant tissues. It 
moves rapidly within the plant and takes an active part in leaf and fruit 
abscission, in the initial stages of the resting period of vegetative and repro
ductive buds of perennial shrubs and trees, and the induction .)f dormancy 
in seeds. Abscisic acid is believed to act against the growth-enhancing ac
tions of gibberellins and auxins and bring about change in nucleic acid and 
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the protein-synthesizing system. It is used for experimental purposes, where 
only a small quantity is required. The commercial use of ABA in horticul
ture is restricted because it is difficult and costly to synthesize. 

Plants store a good number of other growth-retarding or inhibiting 
chemicals which do not play any definite part in the metabolic process, 
despite the fact that they take an active part in growth retardation and have 
toxic effects on insects and animals. 

There are numerous commercial synthetic growth inhibitors. 

i. Daminozide negatively affects growth and activates flowering of herba
ceous and woody ornamentals, and enhances their colour and fruit size. 
Dwarf plants of chrysanthemum and azaleas so produced have an attractive 
shape. 

ii. ChJormequat is active in inhibiting height increase in some ornamental 
plants like red poinsettias, azaleas, geraniums, and bougainvillea. Applied 
as a drench to the soil or as a spray to the foliage in autumn, it spurs flow
er-bud initiation. 

iii. CycoceJ (CCC) is used generally to prevent lodging of wheat plants when 
applied between the tillering and rapid shoot growth stages. Internode 
elongation is retarded, and in this way sturdy short plants are obtained 
which are resistant to lodging. 

iv. Ancymodol. This growth inhibitor affects the height of potted plants like 
lilies, poinsettias, chrysanthemums, and tulips. The compact plants thus 
obtained look attractive and showy. 

v. Paclobutrazal. This synthetic growth retardant inhibits vigorous shoot 
growth in herbaceous and woody plants thereby dwarfing the plants and 
making them showy in appearance. Various synthetic products with different 
trade names are produced. 

Researchers have worked on the action of plant growth regulators 
individually and in combination with other hormones and on growth promot
ing substances on various plant parts throughout the world. Studies on the 
effect of growth regulators (Aron and Planofix), micronutrients (Greenzit), 
and chemical fertilizers (NPK) were carried out to observe both the individ
ual effects of plant hormones and their effect in combination with chemical 
fertilizers on growth and fruit yield in Kinnow mandarin (Citrus reticulata 
blanco). Maximum growth was obtained when the three types of substances 
were applied together; Planofix and Greenzit increased fruit yield both when 
they were applied together, and each in combination with NPK (Gilani et 
al. 1989). 

Research was also carried out on malformation in mango inflorescence. 
The percentage of female flowers was increased on malformed bunches of 
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inflorescence by 51-60 percent with foliar sprays of GA3 (one of the gibber
eIlin group) at 400 ppm, and NAA at 50-100 ppm. With both chemicals, 
trcatments were given three times: the first in August, the second during 
the last week of January, and the third at the end of February (Akhtar 
1973). Fruit drop in mangoes was attributed to the formation of an abscis
sion layer and other factors e.g. rain, humidity, mango flower mildew, mango 
hopper attack, and anthracnose (Malik and Raza 1985). Investigations were 
carried out to determine the possibility of reducing mango fruit drop with 
Planofix spray at concentrations of 0.5 ml, 1.0 ml, 1.5 ml, and 2.0 ml per 
gaIlon of sterilized water 15, 30, and 45 days after fruit set. A 1.0 ml dose 
30 days after fruit set was found to be the most effective (Jagirdar and 
Choudhry 1967). 

In peas no effect of CCC and IAA was observed on the time required 
for germination. Plant height responded positively to IAA concentrations 
and negatively to CCe. Maximum height was produced by a dose of 
200 ppm of IAA. Stem thickness was increased by higher concentrations of 
CCC and decreased by higher concentrations of IAA. Dry weight decreased 
at lower CCC concentrations, but increased with increasing concentration of 
IAA (Muhammad et aI. 1988). 

4.3.3 Temperature 

Plant tissues require proper temperature to carry out varjous activities. At 
Iow temperatures almost all functions performed by the tissues slow down. 
The higher the temperature, the more the activity; of course, within a certain 
range of temperature all processes are performed normaIly by the living cell. 
The optimum temperature varies in different plant species of different 
regions and also differs at various stages of growth. On the whole, the aver
age temperature for maximal plant growth is 28-30°C, while the activities of 
plant tissues cease at 4°C maximum. Temperatures of 45-50°C coagulate 
and kiIl the living substance of plant ceIls, however, growth continues in 
most plants at 100e. 

The influence of temperature on sexual reproduction of plants is known 
as vernalization. Without a certain cold temperature and exposure to an 
adequate photoperiod, the induction of flowering does not take place in 
some annual plants, e.g. winter wheat. It is beneficially utilized by the Rus
sians, who obtain a crop of wheat in about two months in Siberia, where the 
severe period of freezing temperature lasts for almost ten months. They sow 
winter wheat before the first snow. The plants establish themselves under 
the snow. As the snow begins to melt, they continue the growth that was 
interrupted by the long period of cold. In some biennials such as carrot 
(Daucus carota), exposure to cold temperatures is replaced nowadays by the 

. use of gibberellin. 
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One of the traits of plants of temperate regions is their marked period
icity (periods of rest or dormancy alternating with periods of active growth). 
It is particularly prominent in woody deciduous plants which lose their 
leaves in autumn and remain dormant until the following spring. Deciduous 
fruit trees like apples, peaches, and cherries require lingering freezing rest 
periods, are therefore grown only in temperate climates. Some plants like 
walnuts, grapes, and almonds also require low temperatures for varying 
lengths of time. Certain plants require freezing temperatures to end the rest 
period, while in others a similar effect is produced by temperatures which 
are low but above freezing. Generally, tubers, bulbs, corms, and rhizomes 
require a short rest period. 

Sometimes it becomes desirable to reduce dormancy or break the rest 
period in ornamental or food crops. The procedures used to do this are 
warm or cold storage, or treatment with different chemicals. For example, 
dormant potato tubers will sprout within a week to a fortnight after harvest 
ing if t~ey are treated with ethylene. Plant physiologists take advantage of 
this fact by growing seed potatoes in greenhouses under controlled environ
ments for early detection of certain potato diseases present in some tubers. 
Ethylene is also used to break the rest period in gladiolus corms, which are 
normally dormant for six to s~ven months; by this method gladiolus tlowers 
are induced to bloom during winter. 

4.3.4 Fertilizers 

At first, the fruit growers of Sindh were under the mistaken impression that 
bananas could not be grown profitably there. In the late 1960's, attempts 
were made by research workers at Mirpurkhas, Sindh to explore the possibil
ity of growing bananas on a commercial basis in Sindh. Several variables: 
spacing of suckers in rows 6' apart at plant-to-plant distances of 4', 6', and 
8'; irrigation intervals of 6, 10, and 14 days; and levels of nitrogen at SO, 7S, 
and 100 pounds as ammonium sulphate per acre were tried. After complet
ing their juvenile period, suckers planted 8' apart produced the largest 
number of young suckers. At maturity, the grade of the bunches and size of 
the fingers obtained from main plants irrigated at intervals of 6 and 10 days 
were superior. High doses of nitrogen in the form of ammonium sufphate 
improved the bunch grade, accelerated maturity, and increased plant growth 
(height and basal circumference). Plants irrigated at six-day ~ntervals with a 
single nitrogen dose of 100 pounds matured about three months (83 days) 
earlier than the plants given other treatments (Jagirdar et al. 1963). 

The effect of three levels: 0.0 (control), 12.5, and 2S.0 g per plant of 
P20 S' and K20, with a uniform application of 12.S g N, significantly in
creased the dry fruit yield of chilies per plant. The application of 12.5 each 
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of P20S and K20 along with a basic dose of 12.5 g per plant produced a 
good yield of red chilies (Baloch et al 1989). 

Studies were carried out to evaluate the effect of potassium and magne
sium on the vegetative growth and yield of tomatoes. The experiment was 
split in seven K and Mg combined treatments: (1) K 0 Mg 0 (control); (2) 
K 200 Mg 50; (3) K 400 Mg 50; (4) K 200 Mg 100; (5) K 400 Mg 100; 
(6) K 200 Mg 150; (7) K 400 Mg 150. The combined doses did not display 
any significant effect at the early juvenile stage of plant growth. However, 
after a period of 50, 71, and 92 days of transplanting, plant height, number 
of leaves, and branches were remarkably increased. Only stem diameter was 
higher under K 400, Mg 150 ppm combined treatment. At maturity, K 200, 
Mg 100 ppm under combined application produccd higher yield (Baloch and 
Hargitai 1986). 

Results of four different row and plant spacings 25x 10, 20x 10, 20x8, and 
15x8 cm (plant populations of 40, 50, 62, and 8'3 plants/m2) 'on the growth 
and development of onions suggest that a plant population ranging from 50 
to 62 plants/m2 appears to be optimum for getting the maximum quality and 
quantity lield of bulbs. The results further suggest that a popUlation of 62 
plants/m is the maximum plant density which yields good economic returns. 
A density of 83 plants/m2 reduced the size of bulbs and yield per unit (Man
grio and Baloch 1985). 

QUESTIONS 

1. Define growth and explain the factors affecting growth. 

2. Describe the parts of the almond seed and discuss the role'of each part. 

3. Discuss in detail the functions of the seed. 

4. What is germination? Explain hypogeal germination, illustrating your 
discussion with an appropriate diagram. 

5. Explain the difference between epigeal and hypogeal germination with 
the help of suitable diagrams. 

6. Define annual, biennial, and perennial plants. Cite suitable examples of 
each. 

7. Explain the stages of the reproductive phase of plants. 

8. Describe the parts of the citrus flower; illustrate your description by 
drawing and labelling a diagram. 

9. Describe the process of gametogenesis; illustrate with an appropriate 
diagram. 
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10. What is pollination? Discuss the importance of cross-pollination in 
horticulture. 

11. (a) Differentiate between cross-pollination and self-pollination. Give 
examples of plants pollinated in each of these ways: (b) Discuss the 
advantages and disadvantages of self and cross-pollination for the horti
culturist. 

12. (a) Name the various pollinating agents. (b) How is pollination of apple 
carried out? 

13. Describe the process of fertilization and explain its importance for the 
plant. 

14. (a) Describe the various parts of the ovule. (b) Draw and label a dia-
gram to illustrate your description. 

15. Describe the growth cycle of a fruit, citing suitable examples. 

16. Discuss in detail the development of the plant embryo. 

17. Explain photoperiodism and its importance for horticulturists. 

18. Discuss plant hormones, being sure to deal with the following points: 
(a) what they are; (b) different types; and (c) their effects on plants. 

19. What is meant by partial senescence and complete senescence? Differ
entiate between them by citing suitable examples. 

20. List the functions of synthetic auxins in horticultural plants. Cite an 
appropriate example of each. 

21. Describe the uses of ethylene in horticulture, giving suitable examples. 

22. In fruit, how does maturity differ from ripening? Explain by citing 
appropriate examples. 

23. What are natural and synthetic growth inhibitors? Explain their mode 
of action on growth. 

24. Explain vernalization and discuss its relation to rest period and dorman
l:y. 

25. How arc natural and synthetic gibberellins obtained? Describe their 
uses In horticulture. 

26. What is the effect of temperature on fruit maturity? 

27. What do you understand by the term climacteric? Explain different 
views regarding it. 
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28. Differentiate between xenia and metaxenia by citing appropriate 

examples. 
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5. CROP IMPROVEMENT 

Musahib-ud-Din Khan 1 

Habib-ul-Rahman Mian 

LEARNING OBJECTIVES 

After studying this chapter the student should be able to: 

• Explain the relationship between the mode of a plant's reproduction 

and the plant breeding methods appropriate for it 

• Describe the mode of reproduction of important horticultural plants 

such as maize, citrus, potato, and mango 

• Discuss the sources of both natural and induced variation 

• Discuss various causal hypotheses explaining heterosis . 
• Outline the steps of the backcross method of breeding 

• Test the viability of pollen by two different methods 

• Select two parent plants for vegetable or fruit cultivars and cross them 

5.1 Introduction 

The primary purpose of plant breeding is to obtain or develop varieties or 

hybrids that are efficient in their use of plant nutrients, that give the greatest 

return of high-quality products per unit area as judged on the basis of cost 

and ease of production, and that are adapted to the needs of the grower and 

consumer. It is also desirable that cultivated varieties be able to withstand 

adverse conditions of cold or drought, and show resistance to disease and 

insect pests. 
The progress of the science of plant breeding has been closely associat

ed with the development of other basic plant sciences. Thus sciences like 

genetics. cytogenetics, cytology, taxonomy, physiology, morphology, anatomy, 

IMusahib-ud-Din Khan is Director General (Rtd.), Ayub Agriculture Research Institute, 

Falsalabad. Dr. Habib-ul-Rahman Mian is Professor of Plant Breeding at the NWFP Agricul

tural UniverSIty. Peshawar. 



144 Musahib-ud-Din Khan, Habib-ul-Rahman 

and biochemistry have close relationships with plant breeding. Since diseases and insect pests cause losses in the production of economic crops, knowledge of plant pathology and entomology is also essential. In an effort to breed better varieties, the plant breeder employs the science of biometry to analyse data that reveal differences among the developed and old varieties. The most fascinating property of living organisms is reproduction, a sequence of events through which the continuity as well as the multiplication of cells and individuals of every species is maintained. Plants are peculiar in that they reproduce by many different methods. For this reason, the method of perpetuating a particular character, modified by a plant breeder, is primarily determined by the mode of reproduction of that plant. It is essential, therefore, that a plant breeder be fully conversant with the mode of reproduction of the plant species in his breeding programme. Plants can reproduce by (a) asexual, and (b) sexual methods. 

5.2 Asexual reproduction 

It is not always convenient to propagate crop species from seed. In such cases vegetative methods of propagation are used. This method is sometimes adopted because certain plants, like banana, ginger, or chrysanthemum, do not regularly produce seeds for genetic or physiological reasons. In many cases vegetative propagation is employed to ensure the genetic purity of the line. Asexual methods of reproduction may be used if a plant is a hybrid with meiotic irregularities or is sterile because of other genetic factors. Different plant parts are used in vegetative propagation for various species. Some of these are listed below. 
Stem cuttings: ornamental plants (e.g. roses, bougainvillaea, pelargonium); hedge plants (e.g. euphorbia, duranta, clerodendron); fruit plants (e.g. sweet lime, pomegranate, fig, falsa) 
Tubers: potatoes, yams 
Corms: colocasia 

Bulbs: onions, garlic 
Rhizome: ginger, turmeric 
Suckers and offshoots: banana, aloes, agave, date palm, pineapple, and chrysanthemum 

Grafts and buds: several fruit and flower species, e.g. mango, citrus, apple, pear, plum, apricot, roses 
Layering: flowering plants like rose, jasmine, magnolia 
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Other methods of vegetative propagation involve the use of root suck
ers, tuberous roots (dahlia), bulbils (dioscorea), and polyembryony (citrus). 

Cloning. A plant population that is propagated vegetatively from a 
single original stock is called a clone. A clone may be more precisely defined 
as a population of identical genotypic composition produced by mitosis 
traceable to a single ancestral zygote. In the case of fruit trees, if a mutation 
in a vegetative bud occurs and it proves superior, clonal propagation is 
sought and a new variety can be obtained. Washington Navel orange and 
Cayenne pineapple were developed in this manner. 

5.3 Sexual reproduction 

The most common mode of reproduction in plants is by sexual means. This 
involves the formation of seed through the union of two gametes-the sperm 
(male) and the egg (female). Pollen grains carry the sperm, and the ovules 
carry the egg. Pollination, the physical transference of pollen from the 
anthers to the stigma, is essential for fertilization and seed formation. 
Flowers are the organs of sexual reproduction, and there is a direct relation
ship between the floral biology of a plant and the technique to be used for 
hybridization work. Study of the structure and arrangement of various parts 
of the flower and their maturation times is thus of great importance in plant 
breeding. The more common types of flowers are described in Chapter 2, 
scction 2.2. 

Relationships between the maturation times of various parts of the 
Bower are characterized as follows. In dichogamous flowers, the stigmas and 
anthers of the same flowers mature at different times (dacus, delphinium, 
lactuca), and in homogamous flowers, the androecium and gynoecium ma
ture simultaneously. In protogynous flowers, the stigmas mature ahead of 
thc anthers (colchicum, magnolia, and mango). 

5.3.1 Pollination 

According to the mode of pollination, horticultural crops can be grouped 
into several categories: (a) naturally self-pollinated, (b) naturally 
cross-pollinated, (c) dioecious, and (d) self-sterile plants. 

1. Naturally self-pollinated plants. Some plants of this type are soy
beans, peanuts, tobacco, tomatoes, peppers, eggplant, peas, asters, and 
marigolds. With such plants, self-pollination is the rule, and a genetic char
acter once fixed (having become homozygous) will continue to breed true 
without any artificial effort to protect from cross-pollination. However, a 
low proportion of natural cross-pollination may occur in an established 
self-pollinated population. Such plants are called autogamous. 
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2. Naturally cross-pollinated group. Prominent crop plants in this 
group are maize, sugar beets, cucurbits, various fruit, and most root vegeta
bles. These plants have anemophilous or entomophilous habits; enormous 
quantities of pollen are produced, which in most cases ensures 100 percent 
cross-pollination. Such plants are allogamous. 

3. Dioecious plants. Date palm, papaya, spinach, asparagus, and willow 
belong to this group. In these species the male and female flowers are on 
separate plants. In such plants cross-pollination is the only possibility. 

4. Self-sterile plants. Because of genetic or physiological conditions, 
sometimes fertilization cannot occur by the flower's own pollen, as in some 
orchids, tea, and apple. In herkogamous flowers, the relative positions of 
stigma and anthers do not allow self-pollination to take place, because of 
differences in the lengths of style or filaments. This condition is also known 
as heterostyly. 

Flowers may show different adaptations with respect to means of polli
nation. Pollen (which contains male gametes), can be transferred from one 
flower to another by wind, water, and insects, which are attracted to flowers 
by their colour and scent. Plants which are pollinated by insects are entomo
philous, and those in which pollination is effected by wind are called anemo
philous. Flowers offer nectar and pollen as a protein source to insects. 
Honeybees and bumblebees are the most important pollinators of cultivated 
plants, although other insects, especially flies, also play a significant role in 
pollination of many crops and are the major pollinators of mango and 
Umbelliferae such as carrots and parsnips. 

Perhaps the best-known association of insect and floral pollination is 
between the Blastophaga wasp and the fig. Wild figs bear three kinds of 
closed saclike inflorescences: male, female, and a specialised sterile type 
known as the caprifig, which functions solely to nurture the larvae of the 
wasp. Most cultivated figs are not of the caprifig type, and when fertilization 
is necessary for fruit development as in the variety Smyrna (used for drying), 
it is customary to tie some caprifigs in the plantations to attract wasps to 
effect pollination. This is, however, unnecessary for cultivars which produce 
edible fruits without fertilization. 

Wind is a major agent of pollination in some Chenopodiaceae including 
beets and spinach; and in many catkin-bearing trees such as hazel-filbert, 
papaw (Asimina triloba), and mulberry, poliination is also effected by insects. 

Hand pollination and emasculation. For controlled crossing it is often 
necessary to hand pollinate flowers. The seed (female) parent is emasculated 
by carefully removing the anthers or entire stamens with forceps. This must 
be done before the anthers have dehisced, either before the flower buds 
have opened or shortly afterwards. The forceps must be sterilized by dipping 
in 75% alcohol for 10-20 minutes and allowed to dry when different flowers 
are to be emasculated. In some families (e.g. Leguminosae, Rutaceae, and 
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Malvaceae), the filaments are joined to form a tube around the style, and 
therefore one must emasculate the flower carefully without damaging the 
female parts. In lettuce the flowers are very small but they are protandrous, 
and a useful technique is to wash them off with a jet of water shortly after 
they have opened. Pollen is often applied to the stigma with a fine sable
hair brush, or better, the dehisced anther is rubbed directly on the stigma. 

After pollination the flowers must be protected by bagging. Bags of 
muslin cloth or Kraft paper are most useful. These can be tied to a wooden 
support for weak-stemmed plants. With some plants that have large flowers, 
such as Lilium, a small piece of aluminum foil wrapped around the stigma 
after pollination prevents contamination from foreign pollen. Crosses should 
be labelled with tags or on the bag, indicating date and parentage, and using 
permanent ink or pencil that will not fade or wash off. 

Male sterility. Some species are male sterile; that is, the pollen is not 
functional. This condition in many cases is controlled by cytoplasmic factors, 
e.g. onion and leek (Allium), beet (Beta), sweet pepper (Capsicum), carrot, 
(Daucus) , sunflower (Helianthus) , and tomato (Lycopersicon). In other 
plants, genetic male sterility is found (e.g. cabbage, fennel, lettuce, and field 
beans). Sf:' e,times more than one gene controls the condition, as in carrots. 
The abov meptioned species are normally hermaphrodite, but non-func
tional ant ers/or/pollen are produced. Male sterility is useful to the breeder 
in controlling crossing and production of hybrid cultivars. Cytoplasmic male 
sterility is the most useful, because it is possible to maintain male-sterile 
lines easily by pollinating seed plants with fertile pollen from sister lines 
which give all ~le-;-sterile plants. 

Tests for pollen viability. (i) Pollen should be examined under a micro
scope in a drop of normal saline (0.85% aqueous sodium chloride solution). 
(ii) Staining with acetocarmine can distinguish viable pollen from immature 
grains. (iii) The best test for pollen viability is by germinating it in an artifi
cial culture medium at 20-25°C. For dates and mangoes, 10-20% aqueous 
sucrose solution can be used. For germination of mandarin pollen, a 5-10% 
solution of glucose is the best. Adding 10 ppm borax to the culture medium 
enhances pollen germination. 

5.3:k' Fertilization 

Embryo sac and egg cell. The embryo sac is located within the ovule in a 
tissue of thin-walled cells, the nucellus. It is commonly oblong in shape and 
contains three groups of cells. Close to the micropyle end of the ovule is tbe 
egg, accompanied by two specialised cells called synergids. The synergids 
usually die shortly after fertilization. More or less in the middle lie two polar 
nuclei, which after fusion with one of the generative nuclei grow into the 
endosperm. At the other end of the embryo sac there are generally three 
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antipodal cells. The exact function of the synergids and the antipodal cells 
is not known. The fusion of one generative nucleus with the egg, that pro
duces the zygote, and the other with the two already fused polar nuclei is 
known as double fertilization. 

Parthenocarpy. Some plants can experience normal fruit set and devel
opment without any fertilization or seed formation. Several types of par
thenocarpyoccur, some requiring pollination and others not. Parthenocarpy 
may be VEGETATIVE or STIMULATIVE. In vegetativeparthenocarpy, the fruit 
develops without any pollination as in tomatoes, peppers, pumpkins, and 
cucumbers, and the consistently seedless citrus, banana, and pineapple. In 
stimulative parthenocarpy, pollination occurs but fruit development is stimu
lated without the pollen tube ever reaching the ovule and effecting fertiliza
tion. A prominent example is parthenogenetic species of Poa. Fruits of 
triploid plants which are genetically sterile also fit into this group. Seedless
ness can also occur as a result of the abortion of the embryo before the fruit 
reaches maturity. Embryo abortion is common in some cherries, peaches, 
and grapes. 

Apomixis. Apomixis is a reproductive process in which seeds or propa
gules are produced from an unfertilized egg, or from nucellar or embryo-sac 
cells other than t.he egg. It is of many types. 

1. In a few cases the seed develops directly from the nucellus tissue, no 
embryo sac is formed, and several processes are completely bypassed. This 
occurs frequently in some species of Rubus, Allium, and Opuntia, and is a 
barrier to hybridization since the new seedlings produced are genetically 
identical with the mother. In certain circumstances apomixis has been used 
to propagate apple rootstocks which are difficult to propagate vegetatively. 

2. A normal embryo sac is formed and the egg cell develops into an embryo 
without fertilization. The embryo and eventually the seedling then have a 
haploid number of chromosomes of maternal origin only. In most cases 
pollination and sometimes fertilization of the polar nuclei takes place but 
the egg cell remains unfertilized. The developing endosperm which grows 
from the polar nuclei stimulates the unfertilized egg to grow. 

3. The most common type of apomictic seed production is when an embryo 
sac is formed from a diploid cell without reduction division. In many cases 
pollination, which provides a stimulus, is necessary before seed is produced. 
This type of apomixis is referred to as pseudogamy or false fertilization. 

4. Polyembryony refers to the situation when more than one seedling sprout 
from one seed. It is found in mangoes and citrus. One embryo in polyembry
onic seeds develops from the zygote and the remaining ones are apomictic. 
The multiple seedlings from polyembryonic seeds will, therefore, include one 
seedling of sexual origin and the rest of vegetative (non-sexu:ll) origin. 
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Because of this, it is difficult to locate the sexual variant among the progeny 
when doing hybridization of mango and citrus. 

5.3.3 Incompatibility 

In the normal course of events, pollination is achieved by transferring viable 
pollen to the stigma of a flower with a viable embryo sac. However, the 
processes leading to fertilization and seed development may be blocked if 
pollen germination or pollen tube growth down the stylar tissue fails. The 
blockage occurring between pollen germination and the release of sperm in 
the embryo sac is generally referred to as incompatibility. Many plant 
species have gene-controlled natural incompatibility which prevents or deters 
self-fertilizaticn or fertilization between siblings, consequently preventing 
inbreeding. 

Incompatibility reactions may be due to various causes. (i) The stigma 
may inhibit the effectiveness of pollen by suppressing its germination. 
(ii) Pollen germination may take place, but pollen tube growth through the 
tissue of the style be inhibited at some stage along its length. Failure may 
even occur when the tube reaches the micropyle but does not penetrate it. 
Inhibition of pollen tube growth in the style may be due to the formation of 
inhibitors which diffuse out from the ovary. In citrus flowers, for example, 
incompatible pollen germinates normally on the stigma and grows through 
the style but fails to penetrate the ovule. (iii) Genetic incompatibility is 
controlled by multiple alleles of which two are present in the diploid stylar 
tissue and one in the haploid pollen. If the latter is identical with either of 
the stylar aIleles, incompatibility results. 

5.3.4 Fruit set and development 

Developmental changes which mark the transition of the flower into a young 
fruit begin soon after pollination, and are called fruit set. Flowers that fail 
to set fruit wither and fall off. The term fruit is difficult to define accurately,. 
but may be described very broadly as the enlarged or altered wall of the 
ovary containing one or more seeds. 

Fruit and seed development are often interdependent, so that failure of 
either one affects both. This can be very important to the plant breeder 
wishing to achieve a certain cross. In apples and pears, for example, the 
developing seeds produce hormones which stimulate fruit growth. If hor
mone production falls to a low level because very few seeds have been set, 
it may be insufficient to maintain fruit growth; in such cases an abscission 
layer is formed, the fruit is shed, and the seed lost. This situation has some
times been overcome by applying auxins like gibberellic acid (GA) or naph
thalene acetic acid (NAA) to the ovary by spray or its sodium salt in 
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lanoline paste or dissolved in water in the early stages of development. 
Cytokinins have also been used for the same purpose. 

A single mango inflorescence may contain as many as 5000 flowers, and 
an average set of five fruits to the cluster would provide a heavy crop. 
However, on the average, the actual percentage is much lower. The maxi
mum number of flowers noted in any inflorescence of Langra mango was 
2453, but the average was 885. Out of these, 0.38 fruits per inflorescence 
were obtained; that is, about three inflorescences yielded one fruit. In the 
case of Dusehri, the maximum number of flowers per inflorescence was 498, 
and the average was 324 flowers. Only 1.2 ripe fruits were obtained per 
inflorescence (Khan 1943). 

5.4 The genetic basis of variability in crop species 

Variation in chromosome number. Each species has a characteristic number 
of chromosomes. Most fruit, vegetable, and ornamental plants are diploid, 
containing two sets of homologous chromosomes-one haploid set donated 
by the male and the other by the female parent. However, variation in the 
number of sets of chromosomes or fraction thereof is commonly encoun
te.red in nature and in some cultivated horticultural species (e.g. potato, 
strawberry, banana). It is estimated that one-third of the angiosperms have 
variations of chromosome numbers different from the standard diploid set. 

5.4.1 Euploids 

This term applies to organisms with chromosome numbers that are multiples 
of some basic or genomic number designated as x. The haploid chromosome 
number of a species is indicated by the letter n. The hexaploid sweet potato 
is, therefore,6x = 90, with a haploid number (n) of 45. The genomic num
ber (x) in this species is thus 15. The diploid varieties of sweet potato have 
2x = 2n = 30 chromosomes in the nuclei of their somatic cells. 

a. Monoploid. One set of chromosomes (n) is characteristically found 
in the nuclei of some lower organisms such as fungi. In higher organisms, 
monoploids are usually smaller and less vigorous than t):le normal diploids. 
Monoploid plants are known but are usually sterile. They can be developed 
by breeding or other techniques which have been used to produce homozy
gous lines. At the University of Agriculture, Faisalabad (UAF), haploid 
plants have been produced by pollen culture of tobacco (Khan 1990). Homo
zygous plants have been developed in potato and asparagus by the produc
tion of doubled haploids. 

b. Polyploid. This term is applied to any organism with more than 2x 
chromosomes, or more than 2n chromosome sets of the diploid species. 
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Ploidy levels higher than tetraploid are not commonly encountered in natu

ral populations, but some of our most important crops-are higher polyploids. 

Some strawberries, for example, are octaploid (8x). Some triploids as well 

as tetraploids exhibit a more robust phenotype than their diploid counter

parts, often having larger leaves, flowers, and fruits (gigantism). Many com

mercial fruits and ornamentals are polyploids. 

Rao (1962), working on the cytology of citrus, found a 72--chromosome 

polyploid in grapefruit, a 68--chromosome polyploid in Nasnarn (c. auranti

folia), and a 45--chromosome polyploid in Baramasi (c. microcarpa). Nas

narn and Baramasi are citrus species not commonly used for commercial 

cultivation. The genomic number of chromosomes in Citrus is 9. 

c. Triploid. Three sets of chromosomes (3x) can originate from the 

union of a monoploid gamete (n) with a diploid gamete (2n). During meiosis 

the extra chromosome set of the triploid is distributed erratically and pro

duces unbalanced gametes. Because of the sterility which characterises 

triploids, they are not commonly found in natural populations. However 10 

percent of apple varieties (Baldwin and Gravenstein) were found to be 

triploid (17x3=51 chromosomes). At least 12 varieties of pears, some Japa

nese cherries, and tiger lily are also known to be triploid. 

The seedless triploid watermelons artificially produced by Kihara in 

Japan have 22+ 11=33 chromosomes, and the bajra x Napier grass hybrid 

produced at the Ayub Agricultural Research Institute, Faisalabad is also 

triploid with 21 chromosomes. Of these, 14 chromosomes are derived from 

Napier grass and seven from bajra. Triploid hyacinths are known which have 

3x=24 chromosomes. The gametes from these plants contain a variety of 

chromosome numbers ranging from 8 to 16, most of which are imbalanced, 

thus leading to sterility. 
d. Tetraploid. Four sets of chromosomes (4x) can arise in a cell by 

somatic doubling or by the union of unreduced diploid (2n) gametes. In 

nature, doubling takes place spontaneously, but it can be induced artificially 

oy treatment with colchicine. Two general types of tetraploids occur, each 

exhibiting different genetic and cytogenetic behaviour. 

Chromosome doubling in somatic cells of a diploid species with chromo

some sets each designated as, for example, AA, would lead to an autotetra

ploid AMA. Here the four chromosome sets are homologous since they 

come from the same source. If, on the other hand, a hybrid AB produced 

from the cross of species A with genomes AA x species B with genomes BB 

undergoes chromosome doubling, an allotetraploid AABB is produced. In 

this case, the basic chromosome sets (genomes) are essentially derived from 

unrelated sources (Fig. 5.1). 
In autotetraploid plants, each chromosome is present in four replica

tions. During meiosis at prophase I, the chromosomes show great variation 

in pairing pattern, ranging from a complete failure of synapsis to regular 
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Figure 5.1 Autotetraploidy and allotetraploidy 

bivalents of homologues, or association in groups of three (trivalents) or 
four (tetravalents). This causes irregular distribution at anaphase I, leading 
to a high degree of pollen sterility. Despite these abnormalities, autotetra
ploids are not uncommon in vegetable or fruit crops. Some prominent 
examples are tetraploid types of plums, tomato, apple, peanut, and coffee. 

Meiotic irregularities are less common in allopolyploids because the 
homologous chromosomes are present only in pairs which synapse as 
bivalents similar to those of the diploid species'. 

5.4.2 Aneuploidy 

Variations in chromosome number may occur which involve not whole sets 
of chromosomes but only parts of a genome or basic set. Thus the change 
involves the addition or removal of one or two chromosomes from the 
diploid number. 

a. Monosomies. Diploid organisms which have one chromosome miss
ing from any homologous pair are called monosomies, and have the genome 
formula 2n -1. Monosomies can "form two kinds of gametes: (n) and (n -1). 
In plants, the (n -1) gametes seldom function; particularly the pollen fails 
to function, thus a high degree of male sterility is observed. 

b. Trisomies. Trisomies are diploids which have one extra chromosome, 
so that triplicate members of that chromosome and a trivalent structure may 
be formed during meiotic prophase I. Trisomy can produ~ different pheno-
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types depending on the particular chromosome of the complement which is 
represented in triplicate. Trisomic plants produce two types of gametes, 
(n+l) and (n). 

c. Nullisomics. An organism which has lost both members of a homolo
gous chromosome pair is nullisomic (2n - 2). The result is lethal to the 
carrier if it is a diploid. Some polyploids, on the other hand, can lose two 
homologues of a set and still survive. For example, several nullisomics of 
hexaploid wheat (6x=42) exhibit reduced vigour and fertility but can survive 
to maturity because of the high genetic redundancy in polyploids. 

5.4.3 Variation in the arrangement of chromosome segments 
\ 

a. Translocations. Chromosomes occasionally undergo spontaneous break-
age or can be induced to rupture by exposure to high doses of ionising 
radiation. The broken segments may rejoin with non-homologous thromo
somes. Several types of translocations are recognized. Reciprocal transloca
tions are probably the most frequent and best understood. They occur when 
breaks in two non-homologous chromosomes produce an exchange of chro
mosome segments between them. During meiosis at the pachytene stage, 
reciprocal translc;>cation forms a cross-shaped configuration which affects 
pairing of all homologous segments. Translocations have profound genetic 
and cytological effects. Genetically, they disturb linkage and create new gene 
orderings; cytologically, they produce meiotic irregularities, giving rise to 
imbalanced gametes or producing gene deficiencies and duplications 
(Fig. 5.2). 

b. Inversions. Inversion takes place when a section within a chromo
some breaks and rejoins in the same location but in reversed sequence. The 
size of the inverted segment, whether it involves the centromere or not, and 
whether it is present in both members of a homologous chromosome pair 
will determine the behaviour during meiosis and thereafter. If the plant is 
homozygous for inversion, chromosomes will not have any difficulty in 
pairing. In a plant heterozygous for inversion, one chromosome will have a 
segment with inverted gene order, and its homologue will be in the normal 
order. During meiosis the chromosomes attempt to achieve maximum pair
ing between homologous regions in the two chromosomes, which is usually 
accomplished by the formation of a loop in one of the chromosomes. 

5.4.4 Variation In the number of chromosome segments 

a. Deletions (deficiencies). A portion of the chromosome is broken and lost 
(Fig. 5.2). Deletions can be useful when some deleterious gene is lost from 
the chromosome. If the lost segment contains dominant alleles, the recessive 
phenotype is expressed-a situation known as pseudo-dominance. A dele
tion heterozygote may be detected cytologically during meiotic prophase 
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when pairing dauses the normal chromosome segment to bulge away from 

the region in which the deletion has occurred. A terminal deletion occurs at 

one of the ends of a chromosome, and an intercalary deletion somewhere 

in the middle. Terminal deletions usually do not survive and are lost during 

meiosis or within a few cycles of tnitosis. All deletions capable of being 

maintained are, therefore, of the intercalary type. Large deletions cause 

drastic pollen sterility; such deletions may, however, be transmitted to the 

progeny through the egg. I 
b. Duplications (additions). Apduplication is a doubling of a chromo

some segment, which may be locat4J in a single homologous pair or may be 

transposed to a non-homologous chromosome (Fig. 5.2). Duplications are 

not as deleterious to the organism a~ deletions, and are therefore better 

tolerated. Genetic redundancy, of which this is one type, may protect the 

organism from the effects of a deleterious recessive gene or from an other

wise lethal deletion. During meiotic pairing, a duplication heterozygote of 

the chromosome bearing the duplicated segment forms a loop similar to that 

formed in deletion. 

5.4.5 Artificial Induction of genetic variation 

Chromosomal alterations or other small heritable changes are known as 

mutations. Mutations provide a valuable source of variation in plant materi

al from which the breeder caI1 make selections. They can arise naturally, but 

this happens very infrequently. It is possible to induce these changes with uV 

or X-rays, gamma radiation, thermal shock, or certain chemicals. Some of 

these procedures are described here. 

1. Radiation. Natural mutations are usually rare, and it is advantageous 

for the plant breeder to increase the rate of mutation to obtain more varia

tion. The most effective way to achieve this is to subject plant material to 

ionising radiation such as X-rays or gamma rays. These radiations can 

change the genes and chromosomes at random and at a high rate. Radiation 

treatment does not, of course, affect every cell of the tissue in the same way, 

so that only parts of the plant may be mutated, and a partially mutated 

tissue, or a sectorial chimera is then produced. The results of induced 

mutation in plant breeding have fallen short of the early enthusiastic claims, 

and to date only a few cultivars have been produced in this way. 

Of special interest to horticulturists are examples like induced fruit

colour changes in apples, compact mutants in apple and pear, upright habit 

in black currant, and flower-colour changes in several ornamentals. The 

technique of X-ray induction of flower colour mutants is well proven and 

effective for several vegetatively propagated florist's crops. The effect of 

irradiation is generally to cause a mutation of the gene or genes controlling 

the particular character. 
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2. Colchicine treatmen~ The use of colchicine has permitted the pro
duction of the vast number of polyploids that have been developed in the 
past 20-30 years. Colchicine is an alkaloid obtained from the crocus plant 
(Colchicum autumnale). Colchicine selectively arrests spindle formation 
during mitosis, with the result that the duplicated chromosomes do not pass 
to the anaphase and telophase stages. They thus stay within the same nucle
us, which now contains twice the original chromosome number. 

It has been applied in various media: solution in water or glycerine, as 
lanolin paste, or in agar preparations. Relatively more success is achieved 
when it is applied to meristematic tissue, germinating seeds, and actively 
growing buds. For seed and seedling treatments, the concentration of colchi
cine aqueous solution can easily be varied. The most effective concentration 
range is .from 0.1-0.4% with an exposure time from 30 minutes to three 
hours. After treatment, seeds are thoroughly washed. For growing buds, 
0.2-0.5% solution is used and the treatment is given intermittently for two 
to six days. 

5.4.6 Desired traits incorporated by hybridization 

Varieties with desirable characters are selected and crossed. How they 
behave in breeding Ft, Fz, and other generations depends upon the inherent 
genetic makeup of each variety and the way it is expressed in hybrid combi
nations. In hybrid recombination, reciprocal exchange of genes by crossing 
over can produce novel characteristics, and by selection one may get a new 
hybrid variety that combines the good characters from each parental variety. 
Varieties can be crossed easily and fertile hybrids produced, but interspecific 
or intergeneric crosses are difficult and occasionally impossible. 

A cross between Citrus and Poncirus trifoliata resulted in citranges. 
Poncirus has typical trifoliate leaves; the plants are thorny and deciduous; 
the fruits are smalI and fuzzy with many seeds and inedible. The hybrid, 
although of no commercial value, expresses many of the good characters of 
citrus. Crosses between Fortunella (kumquat) and Citrus resulted in the 
'lime quat'. Similarly, the famous variety Kinnow is the result of a cross 
between King Tangor and Willow Leaf Mandarin. 

5.5 Plant breeding methods 

5.5.1 Acclimatization 

Centres of diversity or origin of crop plants. Plant varieties originating in 
a particular part of the world have not remained confined to that zone, but 
have been spread to other areas by several agencies, primarily man. The 
work of Vavilov, a Russian plant explorer, during the early part of this 
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century showed that certain areas of the world are centres of much of the 
diversity in crop plants (1951:20-45). Vavilov identified the following eight 
centres of origin .(Fig. ·5.3). 

1. CHINESE. The mountainous and sub-mountainous area of central Chi
. na is one of the richest dispersion centres. Pyrus (pear) and Prunus spe
cies (peach, apricot), walnut, litchi, and loquat are prominent examples. 

2. INDIAN. Burma and Assam - mango, jaman, tangerine, lemon, sweet 
orange, brinjal. 

2a. INDo-MALA Y AN. Islands of Java, Sumatra, Borneo, Philippines, and 
Indo-China. Jackfruit, grapefruit, banana. 

3. CENTRAL ASIATIC. The region. consisting of Pakistan (Punjab, NWFP, 
Kashmir), Afghanistan, Tajikistan, Uzbekistan, and western Tien-Shan. 
Onion, garlic, spinach, carrot, cantaloupe, radish, pistachio. 

4. NEAR EASTERN. Iran, heights of Turkmenistan, Transcaucasia. Many 
species of cucurbits, turnip, cabbage, lettuce, walnut, almond, grapes, 
cherry, and pomegranate originated here. 

5. MEDITERRANEAN. Barley, wild wheat, beans, chick peas. 

6. ABYSSINIAN. Watermelon. 

7. SOUTH MEXICAN AND CENTRAL AMERICAN. Maize, sweet potato, 
Ananas, papaya, guava, avocado. 

8. SOUTH AMERICAN (Peru-Ecuador-Bolivia). Peanut, pepper, squash, 
potat'J, pineapple. 

These centres are separated by deserts, mountain ranges, or large bodies 
of water. Of the crop plants that Vavilov associated with these centres, over 
500 species belong to the old world, and approximately 100 to the new 
world. In the old world, southern Asia is the source of over 400 crop plants. 
Some plants originate from ~·et other centres: the date palm, of unknown 
origin; sunflower from the Grt.at Plains area of North America; the macada
mia nut from Australia; and several forage species of Eurasian origin. 

The intentional transfer of an individual plant or a plant population 
from one ecological zone to another to establish it as an economic proposi
tion is called acclimatization. This has been an easy approach to the im
proveme:lt of crop plants. Sometimes a good ready-made plant with superi
or traits is found in an imported mixture. Sometimes imported plants adapt 
readily to the new environment and can be released directly for general 
cultivation after preliminary testing. Almost any species or variety is worth 
importing if it has not been imported before, but its commercial success will 
depend entirely on whether its genotype is adaptable to the' new circum-
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stances. 'Thus, high quality and good yield in one country do not necessarily 
guarantee the same in a new location. For this reason it is advisable to 
import a great many diversified varieties to enhance the chances of finding 
a suitable one. If the imported varieties do not prove useful by themselves, 
they can, after suitable evaluation, be utilized as a source of superior germ 
plasm in subsequent plant improvement projects. 

A large number of fruit, vegetable, and ornamental plant species have 
been introduced from exotic sources and acclimatized in Pakistan. Some of 
these are: 148 varieties of grapes introduced from Europe and America, 35 
varieties of dates introduced from the Middle East, 80 varieties each of 
bananas and mangoes, and 85 varieties of apples. A large number of mulber
ry varieties, and pomegranates from Syria and Afghanistan were also import
ed to find varieties suited to the agro-climatic conditions of Pakistan, but did 
not suCceed, as the climate was not suitable for them. Several elite varieties 
of citrus, mangoes, dates, and bananas now form an integral part of the 
horticulture industry in Pakistan. World-famous varieties of apple like 
Golden and Red Delicious imported from Lebanon did well in the hilly 
tracts of the country. The Skyspur variety of apples has recently been added 
to the approved list. . 

Hundreds of varieties of peas, potatoes, tomatoes, radishes, and cauli
flower have been introduced in the country for acclimatization. The famous 
Patronus, Desire, Multa, Cardinal, and Wilja varieties of potatoes; Roma, 
Red Top, T-lO, and Moneymaker tomatoes; and Shao-Mi radishes have 
brought huge economic returns to the farming and business communities 
(Hussain 1983). A number of varieties of roses such as Cleopatra, Iceberg, 
and Queen Elizabeth; chrysanthemums like Anemone (large-flowered and 
reflexed); as well as varieties of carnations and marigolds have done ex
tremely well throughout the country. 

5.5.2 Selection 

An essential step in picking up or isolating a trait which suits one's objec
tives from a large plant population is selection. Whenever we want to breed 
by way of selection, the most important step is to have sufficient genetic 
variability in the plant population. Selection acts only on genotypical differ
ences and not on variations due to environment, which are of no value in 
breeding. If two plants have the same genotype and differ only because of 
environmental conditions, it makes no difference whether the larger or the 
smaller plant is used for seed because the offspring will have no significant 
difference. A plant with a small variation of high genetic value will be a 
better choice than a plant which apparently looks much different but pos
sesses less useful genes. 
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Before a selection is made, exhaustive observations on the amount of 
natural variability in a particular population is necessary. Unimproved crops 
are generally a mixture of plants that are good, bad, or indifferent from the 
economic point of view. The method of selection to be adopted will vary 
with the plant's natural mode of pollination. 

1. Breeding of self-pollinated crops (pure-line selection). Pure-line 
selection consists of repeated selection for several years of individual plants 
possessing the desired characters, and then raising the progeny of each plant 
separately. This is used in self-pollinated crops like peas and beans. The 
essential steps of this method are as follows. (i) A large number of individu
al plants are selected from a field having a genetically mixed population, 

,keeping in mind the specific objective, e.g., disease resistance, quality, or 
yield. The seeds of individual plants are harvested and kept separately. 
(ii) The seeds of selected individual plants are sown in separate rows and 
the comparative purity of the offspring so obtained is studied. From a large 
population the most desirable plants are again selected. (iii) A similar 
selection of the few outstanding individuals is again made in the subsequent 
generation. (iv) In the third, fourth, and fifth generations the selected plants 
are tested in larger plots using the existing or standard varieties as control. 
(v) If the selected plants prove promising, their seed is multiplied, 
large-scale trials are made, and after thorough testing the variety is released 
for general cultivation. 

This method is very simple and easy, but it can only be used in those 
populations which carry a large number of useful heritable characters. A 
pure line (a homozygous, true-breeding variety), because of its narrow 
genetic base, may not be suitable to a wide range of soil and climatic zones. 
It must also be clearly understood that by this method we do not create a 
new variety but only select a variety from existing ones. Also, no further 
improvement is possible in a pure line, unless genetic variability is intro
duced into it by artificial means. 

2. Breeding of cross-pollinated crops (mass selection). In cross-polli
nated crops the method applied is mass selection, although breeders make 
modifications to suit their specific objective. In this case, either a large num
ber of desirable plants are selected and saved for seed for subsequent crops, 
or alternatively, undesirable plants are removed before they produce flowers. 
A number of the best plants are picked, based on phenotype, pedigree, or 
performance. In contrast to pure-line selection, which essentially consists oi 
the progeny of a single selected plant, in mass selection, seed from a majori
ty of plants is collected and bUlked together. This seed is then sown together 
for further testing. This method is also useful because of its safety and the 
rapidity with which initial improvement can be made in a crop variety carry
ing an abundance of genetic variability. 
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3. Clonal selection. In some crops, sexual reproduction is not used. 
Potatoes, asparagus, chicory, many varieties of apples, citrus, mangoes, and 
ornamental plants like begonias and delphiniums are propagated asexually 
by budding, grafting, tubers, or cuttings. These techniques are also known 
as clonal propagation. 

A clone is a population propagated asexually. from a single individual. 
It is a biotype that has genetically identical members, which may be either 
homozygous or heterozygous. Clonal propagation usually leads to the per
petuation of a genetically uniform progeny. It is, however, known that in 
clones heritable variations do sometimes occur, although very rarely. These 
changes may be picked up and propagated separately. This method closely 
resembles the pure-line method, and a clonal variety apparently resembles 
a pure line. 

Vegetatively propagated cultivars have their special problems. Many of 
them are especially susceptible to disease, and vegetative propagation often 
carries over disease to the new plants, whereas seed propagation usually 
screens out pathogens. Virus diseases especially are often difficult to elimi
nate from clones, and many well-known clonal cultivars have disappeared 
because of a buildup of deleterious viruses or mycoplasmas. Nowadays it is 
possible, in many cases, to eliminate viruses from clones by new techniques, 
such as meristem culture or heat shock or a combination of both. 

5.5.3 Hybridization 

Hybridization is the sexual mating of plants containing desirable characters. 
The object is to combine in a single variety the useful characteristics of two 
or more lines, varieties, or species. The first and most important step in 
hybridization is the wise selection of parents for a cross, which is made on 
the basis of the traits to be combined and their mode of inheritance. Usually 
crosses are made either to introduce desirable characteristics into an already 
established variety, or to replace that variety by another one which is expect
ed to be evolved by mating thoroughly studied individuals, i.e. plants which 
have proven their worth through several generations. It is thus important 
that when selecting for parents to be crossed, the genetic behaviour of the 
characteristics in question be clearly understood. 

Hybrids may be interspecific, intergeneric, or intervarietal. Interspecific 
and intergeneric hybridization present numerous difficulties. They are gener
ally characterized by genetic abnormalities, of which sterility is the most 
common. It is due either to the failure of chromosomes to form normal pair
ings at meiosis or to genetic imbalance. Gene segregation in such hybrids is 
very characteristic, and every individual plant in F? is likely to differ. This 
situation may continue for several subsequent gener~tions as well. Moreover, 
it is hard to achieve all the possible combinations. In some cases, especially 
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when the chromosome numbers of the species are different, special tech
niques have to be employed for successful crossing. 

Techniques. Crossing work may be carried out in the field or in the 
greenhouse. Since it is essential to provide optimum temperature, moisture, 
and plant nutrient supplies, many workers have suggested crossing in the 
greenhouse. Not only can environmental factors be easily controlled in the 
greenhouse, but it also offers better protection. Sometimes in interspecific 
hybridization the flowering times of the two parent species differ, so that it 
becomes necessary to sow them on different dates in order to synchronize 
the flowering periods of the two parents. Crossing should be done after 
making a thorough study of the anthesis and pollination behavior of the 
flowers of the individual species. 

First an unopened flower is selected on a healthy branch of the desired 
female plant. This flower is carefully' emasculated and a suitable paper or 
cloth bag is securely tied over it to prevent foreign pollen from falling on the 
stigma. When the stigma becomes receptive (which should be determined 
from previous observation), the bag is gently removed and pollen collected 
from the anthers of the male plant is deposited on the stigma. This should 
be done with a fine, soft hair brush. The bag is then re-tied and information 
concerning parentage, date, and other relevant points is written on it with 
a lead pencil or water-resistant marker. 

Handling the hybrid materials. After the crosses are successfully 
secured, the next step is to maintain the progeny carefully. All possible 
efforts should be made to make the Ft plants produce the maximum possi
ble amount of seed for raising the subsequent F2 generation. In F2 there will 
be segregation of characters, and selection has to be initiated right from 
then. In order to make it more etIective, selection should be done in the 
smallest possible units of characters. In order to regain stability of the ma
terial and obtain new true-breeding types, it is necessary to inbreed the 
selected lines again for five or six consecutive generations to fix the charac
ters and regain the desired level of homozygosity. However, if the plants are 
propagated vegetatively or by apomictic means, this inbreeding will not be 
necessary. In this event, the desirable phenotypes selected in F2 can be 
multiplied vegetatively and carried for further evaluation. 

Although several attempts have been made in Pakistan to produce 
horticultural varieties by hybridization, they have met with scant success .. 
Crossing work of different citrus varieties and speties is in progress both at 
the UAF and Ayub Agricultural Research Institute (AARI) in Fair;alabad. 
Hybridization work on mangoes is in progress at the Mango Research 
Station, Shujabad, and is expected to yield good results. Workers at AARI 
have succeeded in producing a hybrid pea, Samarina Zard, from a cross be
tween Meteor and FC-3954. This hybrid is an early, short-duration, high
yielding variety. It is on the approved list of the Department oeAgriculture 
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and recommended for cultivation as a general-purpose variety (Hussain 
1990). In India, a new variety of mango, Malika, has recently been produced 
by hybridizing Dusehri and Neelum, combining the good qualities of both 
the parents (Nijjar 1972). 

Inbreeding depression. When plants are inbred, after several genera
tions of selfing or by sib-crossing (brother-sister mating) the progeny be
come progressively more homozygous, but frequently they suffer inbreeding 
depression. The inbred generations are less vigorous, and from a horticultur
al point of view, less productive than the original parent material. There may 
be more, than one explanation for this condition, but primarily it is related 
to the accumulation of deleterious or even semi-lethal genes in homozygous 
condition. These do not have the same effect in the original parents because 
there they are in the heterozygous condition. The degree of inbreeding 
depression varies with species. Peas and French beans, for example, show 
very little loss of vigour on inbreeding and cucurbits almost none. At the 
other extreme, Brussels sprouts rapidly lose vigour after two or three gener
ations of inbreeding. The loss of general vigour may also be accompanied 
by impaired fertility, resulting in poor fruit and seed set. 

Heterosis. When the parents involved in a cross are genetically remote
ly related, the progeny may express heterosis, or hybrid vigour, a fascinating 
biological phenomenon. The seedlings of the F 1 generation produced by 
crossing inbred lines may be more vigorous than the parents. Heterosis is 
generally assumed to result from bringing together a maximal number of 
growth factors. The phenomenon may be due to the concentration of a large 
number of dominant genes which are favourable for growth and develop
ment, some contributed by one parent and some by the other. Another 
explanation is that in a heterozygous condition the alleles at any specific 
locus develop a divergent function. Thus in a heterozygous condition they 
interact to produce a better function than in the homozygous condition. The 
large number of genes and their linkage in the hybrid virtually prevent the 
perpetuation of the same degree of hybrid vigour in subsequent generations. 
Most quantitative traits such as height, weight, and size are multigenic, i.e. 
each is controlled by a large number of genes. These genes are likely to be 
located on different chromosomes; therefore no line is expected to have all 
the possible favourable genes. Prohably most varieties have a moderate 
proportion of favourable genes, and if the majority of these genes have some 
degree of dominance, even though it is small, F 1 is the only generation with 
the maximum number of such genes. This is why maximum heterosis is 
expressed in Ft, and in subsequent generations the genes begin to segregate, 
which rapidly leads to a decline in heterosis as well. It is necessary, there
fore, to repeat the parental cross each time to maintain maximum vigour. 

In any study of hybrid vigour it is important to realize that besides the 
major characters inherited in simple Mendelian fashion, there are minor 
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genes determining quantitative characters. The problem of hybrid vigour is 
complex, and consequently in most plants it is not open to a simple explana
tion. Actually there may be positive or negative heterosis, so that the synon
ymous use of hybrid vigour and heterosis is not always appropriate. Heterosis 
is the developmental stimulation resulting from the union of different ga
metes, while hybrid vigour is one manifestation of heterosis. 

The maximum effects of hybrid vigour are always evident in the genera
tion immediately foHowing a cross, i.e. F l' It is expressed in different ways 
in different plants and therefore has to be measured differently. In tomatoes 
and eggplant, heterosis is expressed not so much by an increase in size of 
the fruit as by an increase in their number. With mangoes, a cross between 
Neelum and Dusehri resulted in Malika, which was superior to bqth the 
parents in average weight, pulp percentage, total soluble solids (TSS), and 
keeping quality (Singh et al. 1977). Studies in the Vegetable Section of the 
AARI on onions, radishes, and brinjals have given interesting results. With 
radishes, the hybrid from the cross of Desi x English Long Red gave a root 
length up to 8 cm, while each of the parents had roots only 5 cm long. 
Similarly, crossing purple-red and white varieties of onions produced a 
hybrid with an average bulb weight of 50 g as against 20 g of purple-red and 
12 g of the white variety. In brinjal, there was an average increase of 9 
percent in the fruit weight of the hybrid (Khan 1960). 

Commercial utilization of heterosis. Since maximum heterosis appears 
. in F l' it is necessary in plants raised from seed to r.epeat the parental cross 
. each time if maximum vigour is to be maintained. Material benefit in in

creasing the yield of crops can only be derived from heterosis if the hybrid 
seeds are produced in large quantities. Special techniques and methods have 
been developed to overcome the difficulties of economical hybrid seed 
production. Heterosis has been utilized commercially in (1) cross-pollinated 
crops: sugar beets, radishes, sunflowers, onions, cabbage, spinach, Brussels 
sprouts, cucumbers, and snapdragons; and (2) self-pollinated crops: toma
toes and brinjals. 

5.5.4 Backcross method 

The backcross technique of breeding consists primarily of making successive 
backcrosses of the progeny with a parental variety which has to be improved. 
This method has proved indispensable for introducing one or several simply
inherited characteristics from foreign or wild sources to an improved and 
adapted variety which may already be good in many other characteristics. 
For instance, the potato variety Ultimus has a high yield and possesses good 
cooking and storing qualities, but is susceptible to frost and chill. A few wild 
species, S. demissum, S. acaule, and S. andigenum, have been imported from 
South America and have been sown in the Murree Hills. In the potato 
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breeding programme of the Vegetable Section, the backcross method is 
being used. Briefly, the steps of the procedure are: (i) crossing of S. tubero
sum and S. andigenum; (ii) crossing of Fl obtained from this cross back to 
the recurrent parent, S. tuberosum; (iii) selecting from this progeny desirable 
individuals manifesting frost resistance (Khan 1960). 

·5.6 Biotechnology, genetic engineering, and crop 
improvement 

Biotechnology techniques, often called genetic engineering, include in vitro 
cell culture, cell selection, protoplast fusion, and recombinant DNA. A 
shortcut to utilizing variability is to select a popUlation of cells rather than 
a population of plants. For the technique to be successful, it must be possi
ble to regenerate plants from individual cells or groups of cells obtained 
from suitable plant organs, e.g. leaf, meristem, or root. A large population 
of cells, called a callus, can be grown in a very small space like a petri dish 
or a test tube. The callus can also be induced to develop roots and shoots 
and eventually a complete plant. 

The problem is the difficulty of selecting variants at the cellular level 
that will be Clipressed as desirable characteristics in the full-grown plant. 
The culture system itself appears to generate variants with a higher frequen
cy than would be expected as a result of spontaneous gene mutation. Such 
variants are called somaclonal variants. They may be due to gene and 
chromosomal changes, or to non-genetic adaptive changes; the precise cause 
is still unkn~n. Somaclonal variation induced by cell and tissue culture 
appears to be a new source of variation available to the plant breeder. 

5.6.1 Protoplast fusion 

Plant hybridization has been shown to be feasible with protoplasts. Proto
plasts can be isolated from cells by digesting the cell walls with appropriate 
enzymes. A small but significant percentage of protoplasts placed under suit
able conditions can be induced to fuse. Thus if the protoplasts of two genet
ic backgrounds are mixed, some of the fused protoplasts will be nuclear 
hybrid, some will have mixed cytoplasm (cybrids), and some may be both. 
Then the hybrid protoplasts must be isolated from protoplasts of the same 
genotype. One method is to use a medium in which only hybrid products will 
grow. Mature plant hybrids have been produced from cellular hybridization 
in tobacco and petunias. Refinement of this process may make it possible to 
achieve wide crosses that are impossible with traditional sexual methods of 
hybridization. 
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5.6.2 Anther culture 

Pollen can be cultured to produce haploid cells or even haploid plants. 
Haploid cell lines of plants are extremely valuable for selecting useful reces
sive alleles and mutation breeding, because when dominance is eliminated, 
all mutated recessive genes will be immediately expressed. Further doubling 
such haploids produces 'instant' homozygous diploids, a process that may 
require many years of inbreeding with normal sexual breeding. 

5.6.3 Recombinant DNA 

The basis of recombinant DNA technology is the ability to isolate DNA 
fragments containing one or more genes and replicate them in a different 
host, such as bacteria. Enzymes called restriction endonucleases permit 
DNA to be cleaved at desired points and into fragments of desired sizes that 
will hybridize, i.e. attach to other complementary DNA fragments. The 
vector used is a circular bacterial DNA called a plasmid, which in certain 
bacterial species is present as episomes (in addition to the normal chromo
some). The plasmids are modified to accept foreign DNA, which is incorpo
rated by genetic recombination and then labelled with biochemical markers 
to allow them to be identified after replication in the bacteria. The replica
tion and subsequent selection of these bacteria containing the recombinant 
DNA is called gene cloning (See Fig. 5.4). 

Examples of successful gene cloning include: (i) The human insulin 
gene transferred to bacteria by genetic engineering produces a human 
insulin called humuUn. (ii) Herbicide resistance genes have been successfully 
transferred to certain plant species by genetic engineering. 

KEY STEPS FOR RECOMBINANT DNA FOR CROP IMPROVEMENT 

1. Precise identification and isolation of the gene of interest. The 
DNA of the cell's genome is cleaved by using appropriate restriction en
zymes; in this way a library of DNA fragments of various sizes is produced. 
These fragments 'are compared by separation with electrophoresis tech
niques, and then their relative size is determined. From these fragments the 
gene of interest can be picked up by special techniques of mRNA-DNA 
hybridization. 

2. Producing recombinant DNA. The isolated gene is inserted into the 
chromosome of a vector (an appropriate virus or plasmid). This vector 
carries and transfers the gene into other, host cells. The gene will now be 
replicated along with the plasmid or viral genome inside the host cell. 

3. Gene cloning. Occasionally the vector carrying the gene integrates 
into the host cell genome. Such cells are identified and maintained separate
ly. Ea<;h such cell replicates to produce a large colony or clone. Further 
screening of clonal libraries can be done if necessary to obtain pure geneti-
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cally-engineered cell lines thQt contain the gene of interest. 
4. Plant regeneration. Regeneration of the transformed cells into com

plete plants which express the new gene_~ntroduced through the above steps. 

5.7 Breeding of individual fruits, vegetables, and 
ornamentals 

5.7.1 Apple 

The apple (Pyrus malus) belongs to the family Rosaceae, sub-family Pomoi
deae, with chromosome number 2n=34. The Pomoideae may be allopoly
ploids derived from a double hybrid between two remote ancestors, one with 
the basic number 8 and the other 9, giving rise to a 34-chromosome species. 
Triploids, 2n=51, are also occasionally found among the cultivars normally 
grown in orchards. These have arisen naturally from the fertilization of unre
duced gametes. Ten percent of the commonly grown cultivars are triploids, 
e.g. the Baldwin, Gravenstein, Blenheim, and Mutsu varieties. They are 
vigorous and bear large fruit, but produce only a small amount of poorly 
formed pollen, so a diploid is necessary to pollinate the triploid. Aneuploid 
plants are also found, but they are weak and slow-growing, and seldom 
develop into trees. ' 

Floral biology. Flowers are usually borne on spurs, in clusters each con
taining five petals, five sepals, and 20 stamens. The pistil is divided into five 
styles. The inferior ovary has five carpels each bound together by the hollow 
floral receptacle so that only the styles are free. Each locule contains two 
ovules; if all the seeds develop there are 10 of them. The fruit resembles a 
berry (pome), and on maturity the fruit-receptacle becomes fleshy and 
succulent. 

Breeding objectives. Apart from consumer preferences and require
ments of the processing industry, the primary objectives in apple breeding 
are high yield, an annual crop of good quality fruits, disease and 
pest-resistance, and firm juicy fruit with pleasant flavour. Large (but not 
excessively so) fruit commands premium prices. 

PROCEDURES IN CROSSING 

Emasculation. All apple flowers are hermaphrodite (contain both male 
and female sexual parts). Flowers that are to be used in breeding as female 
have to be emasculated. This consists of the removal of stamens before the 
anthers dehisce. To facilitate the procedure, the calyx and corolla are also 
removed. For this purpose, two flowers per cluster are sufficient. Fruit from 
unemasculated flowers can be identified, as fruit from emasculated flowers 
has no calyx. Experiments have shown that insects do not visit flowers when 
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the stamens and petals have been removed, and there is thus no need to 
protect them from insects. However, fruit set is improved if the emasculated 
flowers are protected with suitable paper bags, since the desiccation of 
wounded floral parts is lessened. Such protection is particularly desirable in 
windy and exposed situations. 

Pollination. Most apple varieties are naturally cross-pollinated, with 
insects and wind playing a key role in pollination. For artificial crossing, 
pollen from the flowers of one tree is transferred to the stigma of another 
tree. Flowers are chosen at the balloon stage just before the anthers dehisce. 
The anthers are removed and collected in a clean, dry petri plate which is 
placed in a warm and sunny position until they dehisce and liberate pollen. 
If necessary, pollen should be stored in a desiccator with ,CaCI2 and kept 
cool in a refrigerator. If it is to be stored for a long period, it should be put 
in a deep freeze unit at -15°C. If proper conditions are maintained, dry 
pollen will remain viable for up to a year. Dry pollen can be sent to differ
ent places hermetically packed in cellophane. The quality and viability of 
pollen can be tested by following the procedures described in section 5.3.1. 

PoiIination is achieved by lightly brushing the pollen onto the stigma of 
an emasculated flower when it becomes receptive. To prevent contamination, 
the brush is cleaned by washing in 70% alcohol and drying before using for 
another cross. Pollination can be done on small trees planted in pots or 
suitable plastic containers, preferably kept in a cool greenhouse. The whole 
tree can be pollinated with one parent, or a number of crosses may be made 
on different parts of the tree. If this is done, each different cross should be 
labelled carefully, indicating parentage, date, and other relevant information. 

Problems of sterility and incompatibility are sometimes encountered in 
crossing. Sterility can be due to inviable pollen or genetic reasons. Incom
patibility, the failure of functional pollen to grow down the style, occurs 
widely in apples. Both self-incompatibility and cross-incompatibility occur. 
All apple cultivars are self-incompatible to some extent; some are complete
ly so. If they are cross-pollinated, they will set more fruit with more seeds. 
Selfing of the varieties Cox's Orange Pippin, Golden Russet, and Northern 
Spy on a large scale set only 1.5 percent fruit, but when these varieties were 
crossed more than 7 percent fruit set was observed. 

Stratification of seed. Stratification is the storing of seeds in a cold 
humid environment for some time. This allows an after-ripening process 
during which changes take place in the embryo, and is commonly practised 
to improve germination of hybrid seeds. The temperature range for stratifi
cation is from O-lOoC, the optimum being 3-5°C. The time required is 6-14 
weeks, depending on the temperature. Seeds to be stratified should be 
extracted immediately after fruit harvest. A 5 mm thick plastic foam sheet 
is placed in a tray, and seeds are placed on it in a single layer. Then the 
seeds are covered with a second plastic sheet. Water is added to just moisten 
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the lower plastic foam. This tray is then put in a polyethylene bag to prevent 
drying and placed in a refrigerator. After six weeks the seeds should be 
examined and used for propagation. 

5.7.2 Citrus 

The citrus-producing regions occupy a belt spreading approximately 35 
degrees north and south of the equator. There are about 50 major citrus 
producing countries in the world, and cjtrus fruits are grown on over 1.6 
million hectares. Oranges account for 75% of this total, and lemons and 
grapefruit 10%. 

The genus Citrus belongs to the family Rutaceae and sub-family Auran
tiodeae. Other related genera are Poncirus, Fortunella, Eremocitrus, and 
Microcitrus. Citrus species are shrubs or small to medium size evergreen 
trees. Most species have thorns, and the leaves are unifoliate. Flowers 
appear in clusters in the leaf axil, and produce nectar and a strong perfume. 
They are self-pollinated or cross-pollinated by bees. 

Floral biology. In subtropical zones with cool winter temperatures, citrus 
species flower once a year during early spring. In the tropics and in coastal 
areas, flowering may occur several times a year. The ovary of citrus is com
posed of 6-14 carpels joined to each other and to a central axis (Fig. 5.5). 
The flowers of Rutaceae are regular with superior (hypogynous) multilocular 
ovaries. A ringlike or lobed disk surrounds the ovary around which 4 or 5 
velvety petals develop. There are 4 or 5 free sepals, and 8 -10 (or even more) 
free stamens inserted in a disk. The 6-14 carpels are usually raised by a 
gynophore. The seeds mayor may not contain endosperm; this character 
varies from species to species. ~n some species polyembryonic seeds also 
develop. The stigma is receptive from one to a few days before anthesis and 
for several days afterwards. Modified epidermal cells on the stigma secrete 
viscous fluid that aids in retention and germination of the pollen. 

Sex of flowers. The proportion of staminate flowers is highly variable, 
depending on the cultivar and growth conditions. Low temperature during 
flower formation is reported to increase the percentage of aborted pistils. 
Leafless inflorescences have a higher percentage of staminate flowers than 
leafy inflorescences. A large percentage of perfect flowers also may fail to 
set fruit. Heavy loss of set fruit also occurs, much of it shortly after initial 
set. With lemons, only 7% of the buds develop mature fruit. In sweet orang
es, the percentage varies from a low of 0.2% to over 5% depending on the 
cultivar. While studying the erratic behaviour of fruit formation in sweet 
lime, Ibrahim (\988) found 30,134 flowers on a tree, out of which 86% were 
male and 14% female; 3.89% fruit was set. 

Anthers and pollen. Normal anthers are bright yellow at maturity. Self
pollination may occur due to nearness of the anthers to the stigma; however, 
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cross-pollination is more common because the conspicuous corolla with its 
strong perfume and abundance of pollen and nectar attracts insects. Honey
bees are the major pollinators of citrus. Fertilization occurs eight days after 
pollination. Washington Navel oranges produce no viable pollen and Satsu
ma mandarin very little. Marsh grapefruit produces 5-15%, and lemon and 
oranges 25-50% well-developed pollen. Mandarins and grapefruit produce 
a much higher percentage of functional pollen. 

Breeding objectives. Most citrus orchards,are raised from budded stock. 
Bud wood is obtained from mature branches of the current year's growth of 
virus-free plants. This bud wood is called the scion. Some of the most desir
able characters in a scion are: vigour; longevity of tree; regularity of crop; 
reduced tree size; cold hardiness; fruit of medium size and shape without 
stem-end necks or blossom-end nipples; deep-orange or red-orange rind 
colour for oranges and mandarins; rind easy-to-peel, smooth, and thin; ratio 
of TSS and TA high for oranges and mandarins. 

The rootstock should induce scion longevity with high yields and good 
fruit quality. It should lead to reduction of tree ~ize without affecting yield 
or scion health; should be tolerant of salinity, cold, phytophthora, and 
tristeza; should produce many seeds with high polyembryony. The selection 
of suitable rootstock is extremely important since stock and scion must be 
compatible to produce long-lived trees, and the two plants should have the 
same growth rate so that the trunk diameter is similar above and below the 
graft. For these reasons it is very essentiul to do thorough testing before a 
cultivar is selected for a certain region. Some rootstocks have been found 
widely successful; sour orange (c. aurantium) is favoured because of its deep 
root system, drought tolerance, fruit quality, and other characteristics. 

BREEUlNG TECHNIQUES 

Pollen collection. Controlled pollination in citrus is relatively easy to 
achieve. Pollen is collected from chosen flowers of the male parent. An 
alternative method is to collect the whole flowers before they open. The 
anthers are allowed to dehisce, which usually occurs within 12-24 hours at 
room temperature. Then pollen is collected and applied to the stigma. 

Emasculation and pollination. Dehiscence in intact flowers usually 
occurs soon after the petals separate. In grapefruit it often occu~s when the 
bud is still closed. The first-appearing and larger flowers of a cluster are 
selected, emasculated, and covereq with insect-proof bags. Several flowers 
may be emasculated on each selected twig; the other blossoms but not the 
leaves are removed. The petals are g~nt1y separated with fine forceps which 
should be sterilized in 70% alcohOl when handling other flowers. After 
emasculation, the t10wer is covered with a flat-bottomed paper bag and 
securely tied with twine. Cotton pads may be wrapped around the twig at the 
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point where the bag is tied. Plastic or airtight bags are not suitable because 
they cause suffocation and failure of fertilization. 

Pollination may be carried out immediately after emasculation, provided 
that the stigma is receptive and the flowers do not show any signs of senes
cence. Receptivity of the stigma is indicated by a sticky secretion. Paper bags 
should be promptly put back after pollination. Later, the developing fruit 
can be protected with open-mesh cloth bags or perforated plastic bags. 

Seed harvesting. Cut the fruit through the rind around the equator 
about halfway into the fleshy interior, then twist the two halves and squeeze 
out the seeds. Seeds should be immersed for 10 minutes in well agitated 
warm water. Remove surface moisture with absorbent cloth or paper. Treat 
with ARASAN or a comparable fungicide. The surface of the seeds should 
be dried in the shade in an airy place. Treated seed can be stored in poly
thene bags at O-lO°C for up to eight months. Poncirus trifoliata seeds may 
benefit from chilling. They have been stored for over two yea~s with little 
reduction in viability. Most seeds give highest germination if planted shortly 
after extraction. Citrus seeds are very sensitive to drying, and germination 
may be reduced by drying them even for a few hours. However, after har
vesting seeds should not be kept for a long time in their own juice or water. 

Viability tests for seeds. One of two methods can be used. (i) Remove 
seed coat without injuring the interior, and germinate in a petri dish on wet 
filter paper. It is best to place the petri dishes in an incubator at a constant 
temperature (25°C). (ii) Seeds are cut in half longitudinally and placed with 
the surface down in a 1% aqueous solution of 2,3,5-triphenyl tetrazolium 
chloride (TIC). Viable seeds should turn bright pink within 24 hours. 

Germination. Germination requires two to four weeks at a temperature 
range of 20-25°C. It can be hastened by removing the seed coat or cutting 
the chalaza end of the outer coat. It is recommended to sow seed at a depth 
of 1.5-2 cm. Immature or small embryos can be grown in a tissue-culture 
medium under aseptic conditions. 

Distinguishing zygotic and nuceUar seedlings. (i) When the pollen 
parent is well-identified and has morphological characteristics that clearly 
distinguish it from the seed parent, zygotic seedlings can be identified with 
some degree of accuracy. For example, if hybrids are produced using trifoli
ate orange as the male parent, the progeny can be distinguished by their 
trifoliate leaves. This is because the seedlings emerge from zygotic embryos 
that were produced by fertilization. Such plants will exhibit a blend of both 
the pollen and seed-bearing plants. If, however, parents are genetically 
similar, it becomes nearly impossible to separate the sexual and apomictic 
seedlings arising from anyone polyembryonic seed. (ji) Culture of partially 
developed embryos may also provide a means of identifying the zygotic 
embryos in seeds produced on highly polyembryonic cultivars. 
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Polyembryony. Polyembryonic seeds are common in citrus and are a 
great problem in breeding citrus varieties. Such seeds contain one sexual and 
the remainder asexual (apomictic) embryos. The multiple embryos are 
usually crowded together at the micropylar end; often some of them are 
small with poorly developed cotyledons. In polyembryonic seeds, the seed 
surface may be corrugated because of unequal development of the embryos. 

Some citrus varieties like grapefruit and citron produce seeds which are 
of zygotic origin, i.e. produced after fertilization. Some mandarins are also 
monoembryonic but they are nucellar, and develop by apomictic processes. 
Plants arising from such seeds exhibit only the maternal characters. Lemon 

.and lime yield a small percentage of zygotic seedlings along with the apomic
tic ones. The pollen parent can influence the proportion of zygotic seedlings, 
the number of asexual embryos varying considerably between species and 
even varieties. Rou~h lemon when self-pollinated can produce almost exclu
sively nucellar seedlings; in contrast, when pollen of Poncirus was used, 46% 
of the seedlings were zygotic. Seedling counts on various types of citrus have 
shown an average number of seedlings from Musambi of 4.0 and a maximum 
of 8; from Kinnow the average was 4.67 and the maximum 11; from Jatti 
Khatti the average was 2.86 and the maximum 6. 

Polyploidy. Diploidy is the general rule in citrus and related genera 
with a chromosome number of 2n=18. The genera Fortunella, Poncirus, 
Microcitrus, and Eremocitrus are all diploid. Hong Kong wild kumquat 
Fortunella hindsii was the first form to be identified as tetraploid. Triploids 
have been identified in zygotic hybrids of diploid parents. In addition, some 
aneuploids and a few individuals with a higher ploidy level have also been 
reported. Tetraploids also arise spontaneously. In the course of breeding and 
varietal studies of oranges, lemon, and grapefruit, about 1-6% of spon
taneous tetraploids have been found as nucellar seedlings. 

The triploids show considerably more average vigour in plant growth 
than the tetraploids and have thick rounded leaves, but in most other char
acters they are intermediate between (2n) and (4n) parents. The rate 6f 
sterility is very high; however, seeds are occasionally formed, which usually 
grow into unproductive plants. Nevertheless, a few of them may set fruit 
well. This kind of behaviour is a serious problem in developing citrus poly
ploids. Common varieties of Kinnow are diploid, but tetraploid stocks are 
also available and are being maintained for use in breeding. The large 
number of seeds in Kinnow is an undesirable character, therefore the Horti
culture Department at the UAF is making efforts to produce a triploid 
Kinnow which is either seedless or with a low seed count (Malik 1991). 

Mub.tions. Spontaneous somatic mutations occur frequently in citrus, 
as limb sports and sectors on fruits. They are also detected occasionally in 
nucellar seedlings or their budded progeny. These changes involve both 
:r.t!~::tion and a chimeral system and are usually unfavourable, but useful 
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mutations do occasionally emerge. The famous varieties Washington Navel, 
Marsh grapefruit, Shamouti orange (originated in Palestine by bud muta
tion), Salustaniana orange of Spain, and Marrs of Texas are somatic vari
ants. Thompson grapefruit was discovered in 1913 in Florida as a limb sport 
from the White Marsh. The Thompson grapefruit is pink, and from it the 
Ruby or Red Blush variety has originated by somatic mutation. 

Some breeding achievements. In 1893 two tangelos, Sampson and 
Thornton, were developed by crossing the Dancy tangerine and grapefrqit. 
Sampson is recommended as a rootstock for vigour, tolerance to gummosis, 
and a high degree of nucellar embryony. A cross of sweet orange and trifoli
ate produced Rusk and Mortan and other citranges. Grapefruit crossed with 
mandarins produced Orlando and Minneola, which are being grown success
fully. Crosses between Orlando and Clementine resulted in a new. variety, 
Fair Child. Fremont is the product of a cross between Clementine and 
Ponkan, and Fortune is a cross between Clementine and Dancy. These 
crosses are under trial in Pakistan. In 1914 Frost made a cross between King 
and Willow Leaf mandarins which resulted in Kinnow, the most popular and 
extensively cultivated mandarin in Pakistan (Frost -1935). In Japan and 
Russia, research efforts are being directed to develop cold-tolerant varieties, 
for which wide hybridization is being adopted. Several inter-specific and 
inter-generic crosses have been made and designated as: 

Tangelo = Tangerine x Grapefruit 
Tangor = Tangerine x Orange 
Orangelo = Orange x Grapefruit 
Citrange = Poncirus x Sweet orange 
Citradia = Poncirus x Sour orange 
Citrange-quat = Citrange x Kumquat 

In each cross the parents have a distant genetic relationship, and it is thus 
expected that usef\ll variants can be found among the hybrid ptogeny. 

5.7.3 Mango 

The mango is native to southern Asia or the Malay Archipelago; the 
Indo-Burma region is its centre of origin. Phytogeographical studies have 
shown that the largest number of species of both these groups, s~parately as 
well as taken together, occurs-in the Malay Peninsula. The greatest diversity 
and wealth of forms in the genus-about 20 out of the 41 speci~s-are 
concentrated in this area. The genus spread to India and Ceylon in the west, 
and to the Philippines and -New Guinea in the east through the Sunda 
Archipelago and Borneo. The most interesting feature of distribution is that 
out of the 41 species only seve~ occur in Eastern Malaysia. 



176. Musahib-ud-Din Khan, Habib-ul-Rahman 

Cytological investigations of the species found in the Indian subconti
nent show that all of them have the chromosome number n=20. However, 
in a variety known as Villa Kolamban, n=40. Mango is an allopolyploid and 
highly heterozygous. Morphological studies have shown that the genus 
Mangifera consists of two groups of species based on the character of the 
flower disc. The first, which includes 34 species, has flowers with well-devel
oped, swollen discs; whereas the second, consisting of seven species, has 
absolute or pedicellate discs. Further delimitation of the species within these 
groups has been made on the basis of leaf morphology and floral and inflo
rescence characteristics. The available evidence suggests that the second 
gr<.>up of species diverged earlier than the first, either from a common 
ancestor or from some of the present species, possibly M. duperreana or M 
lagenifera, which are the most primitive species within this genus. 

Floral biology. Mango exhibits five growth flushes; the maximum inflor
escences are borne by shoots which grow in the March-April flush. The in
florescences are polygamous, bearing hermaphrodite and staminate or pistil
late flowers on the same panicle. The flowers are sessile. The calyx is usually 
five-partite, and the corolla consists of five petals. The androecium consists 
of one fertile and four sterile stamens. Perfect flowers are easily distin
guished by the presence of pistils. The ovary is small, greenish, located on 
a disc, and consists of a single locule with a short style and a minute proto
gynous stigma. It is highly cross-pollinated by insects. Ali and KhaI1 (1974) 
noted two func~ional stamens in Samar Bahisht and Alfonso. They observed 
less than 3% purely female flowers in Langra, Neelum, and Alfonso, but as 
high as 7.3% female flowers in Sobi Di Ting. In an earlier study it was 
shown that Langra has 67% bisexual and 33% staminate flowers, while 
Dusehri has 78% and 22% bisexual and staminate flowers, respectively. 

Emasculation is a difficult task, as the flowers are small. A new tech
nique has been developed to facilitate crossing by growing the female and 
male parents side by side and covering them with plastic cages. Crossing is 
accomplished by ordinary house flies, which are raised separately. As no 
nectar is present, honeybees are not attracted and play practically no role in 
pollination. Self-incompatibility has been found in Dusebri, Langra, 
Chaunsa, and Bombay ·Green. 

Breeding objectives. Existing varieties are good in quality and produc
tion, but suffer from many probleDll! which require immediate attention and 
intensive work: bearing of fruits in alternate years, malformation of inflo
rescences, premature friiit drop, and susceptibility to mildew and anthrac
nose. Dusebri, Samar Bahisht, Langra, and Malda bear notoriously irregular
ly, while Neelum and Tota Pari bear regularly. Bearing in bunches is a domi
nant character of Dusehri. 

The objectives of breeding are, therefore, to evolve varieties which are 
regular bearers and are resistant to the various maladies mentioned. Dwarj 
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tree habit, long cropping season, immunity to fruit drop, and long shelf-life 
of fruit are also desirable characteristics. Several crosses of the elite varieties 
have been started in the Horticultural Research Station, Shujl;lbad, Pakistan 
to evolve varieties better than the existing ones. 

Juvenility. Mango trees grown from seeds have a long vegetative or 
juvenile phase. Plants may bear fruit only after 9-10 years, while grafted 
trees bear after 5-6 years. To shorten the juvenile period of a seedlirig, 
grafting wood can be taken from it and grafted on a mature, full-bearing 
tree. This is being tried experimentally at the UAF, with some indications 
of success. Other techniques such as chilling the seed, defoliation of experi
mental seedlings, and application of cytokinins to seedlings can be used. 

5.7.4 Potato 

Only South American species of the tuber-producing genus of Solanum lfave 
been used in breeding potatoes. Most cultivars are tetraploids (2n=48) as
signed to Solanum tuberosum. A related species, S. andigena, is also tetra
ploid and is considered to be the primitive type. It requires short days for 
tuber production, while S. tuberosum requires long days. A few other species 
have contributed'to the improvement of the modern potato, notably the 
hexaploid Mexican S. demissum (2n=72), the tetraploid Mexican S. stoloni
derum (2n=48), and the tetraploid South American S. acaule (2n=48). 

The main objectives in potato breeding have been increased yield and 
resistance to diseases and pests such as blight, wart disease, scab, and vi
ruses. Potato cultivals differ markedly in various plant characters. Plants 
show a range from prostrate to erect growth habit. The size, form, and 
number of leaves show extensive variations. The stem may be green or 
coloured. Tubers have different sizes, shapes, and colours; their flesh shows 
white, yellow, pink, red, or blue colouration. These and many other morpho
logical characters are used as selection markers. Tuber quality is profoundly 
important, and recently selection has been made for characteristics required 
by specialised potato processing industries. Potato chip production, for 
example, requires high dry matter and low sugar content. Most potato 
breeding involves hybridization within the S. tuberosum group. 

The crop has already been remarkably improved by breeders in many 
parts of the world; now, therefore, very large numbers of seedlings have to 
be raised and tested to find any which appear to have advantages over 
existing cultivars. Although wild potato species flower profusely, many 
tetraploid cultivars bloom sparsely, and some, like King Edward and the 
Dutch cultivar Bintji, do not flower in the field. Furthermore, flower buds 
tend to fall off prematurely. Not all cultivars produce berries (fruit), there
fore potatoes are normally grown from tuber cuttings. However, true potato 
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seed is now being produced commercially, which may prove very useful in 
extending the growing areas of potato. -

Problems. Most cultivars freely cross and are self-fertile, although 
selfing leads to weak progeny. Nevertheless, some diploid types and wild 
species have strong incompatibility and cannot be selfed. Even when pollina
tion has been effected, the flowers may drop off prematurely. Dry potato 
pollen can be kept viable for about a month in a refrigerator and for consid
erably longer in a deep freezer. Pollen sterility occurs widely, and is a major 
drawback in hybridization; consequently, many desirable crosses cannot be 
achieved. However, most pollen-sterile cultivars have a high ovule-fertility, 
and these can thus be used as female parent. In all circumstances, stringent 
measures must be taken to prevent virus infection of the breeding material 
during the actual breeding process and the early stages of testing. 

The main source of blight resistance, an extreme hypersensitivity reac
tion, is S. demissum. Crosses of this species with tetraploid cultivars give 
mainly pentaploid seedlings, and these have to be backcrossed to S. tubero
sum to regain tetraploids. The situation is, however, complicated by the 
occurrence of different races of the fungal pathogenPhytophthora infestatans, 
and control of the disease by other means is generally incomplete. Unfortu
nately, good resistance is associated with late maturation. 

5.7.5 Brassica crops 

Cabbage, Brussels sprouts, cauliflower, broccoli, kohl rabi, and most kales 
are all forms of Brassica oleracea and all rapidly intercross among them
selves. Summer cauliflower, and to a lesser extent early round-headed sum
mer cabbage, is self-fertile and does not suffer excessively from inbreeding, 
but with plants of nearly all other forms selfed progeny exhibit considerable 
inbreeding depression, or self-incompatibility is found. To effect selfing it 
is usually necessary to pollinate by hand before anthesis at the bud stage to 
overcome the natural incompatibility. Brassica oleracea will hybridize with 
difficulty with turnip and radish, but even if a cross is successful the hybrid 
progeny are mainly sterile unless chromosome doubling is induced. The first 
of these combinations is similar to the turnip, and the second, called Raph
nobrassica, is of some academic interest but has not yielded any useful 
horticultural cultivars. 

Mass selection and pedigree breeding are still used for early cauliflower 
and summer cabb~ge. Mature cauliflower plants selected for breeding often 
produce seed with difficulty because relatively few flowers develop and 
survive. This has been overcome either by vegetatively propagating the 
plants from cuttings of curd portions, each with a small section of leaf, or 
by grafting curd portions on seedling cauliflower plants. Most forms of 
B. oleracea can be maintained as perennials by vegetative propagation from 
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t stem, leaf-bud, and sometimes root cuttings when it is desirable to keep a 
certain genotype as a clone for breeding purposes. These are grown at 
temperatures greater than 15°C to maintain the plant in the vegetative 
phase. Hygienic conditions must be maintained to prevent rotting, and 
precautions should be taken to prevent infection by cauliflower mosaic, 
turnip mosaic, and broccoli necrotic yellow viruses, all of which are transmit
ted by aphids or mechanical injury. 

Most cultivated Brussels sprouts are selections from F( hybrids, and this 
technique is now being used for all other forms of Brassica oleracea includ
ing the recently evolved summer cauliflower. Breeding objectives for all 
horticultural brassicas include increased yield, uniformity in size and maturi
ty, and absence of premature bolting. Some objectives for specific crops are: 

Brussels sprouts 
• firm, medium-size sprouts with few rough outer leaves 
• not subject to internal browning (a physiological disorder of complex 

inheritance ) 

Cabbage 
• firm heads with short internal stems which do not split when over-

mature 
• late forms not sensitive to frost damage or rotting of the outer leaves 

Cauliflower 
• white curds without bracts in the curd 
• not subject to riciness (a kind of bitterness) or lack of buttoning (pre

mature development of very small, P90r quality curds). 

5.7.6 Ornamentals 

Chrysanthemum. The cultivated chrysanthemum can be traced to 500 BC. 
Earliest forms were probably all yellow-flowered types derived from Chry
santhemum indicum (tetraploid 2n=36). Hybridization with C. morifolium 
(hexaploid 2n=54) introduced other colours and flower forms. Cultivars 
have a fairly high rate of natural mutation, and in this way many new forms 
have originated. Chromosome numbers of cultivars are often irregular and 
range from 51-68. Radiation has been used successfully in the last decade 
to speed up mutation and thus to produce new cultivars. 

Dahlia. Dahlia cultivars are said to have been mainly derived from 
Dahlia variabilis which is an octaploid (2n=64). Most species are tetraploids 
(2n=32). D. pinnata with semi-double flowers, and D. coccinea have proba
bly also been utilized in breeding of present day dahlia cultivars, and a rogue 
plant in a batch imported from Mexico in 1872 that was called D. popenovii 
gave rise to cactus-like cultivars. Another species, D. merckii, which has an 
extra two chromosomes (2n=34), has also been used in breeding. Dahlia 
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flowers are usually strongly self-incompatible and do not need to be emascu
lated before hybridization. Four major genes for flower colour are known. 
In recent years new mutant forms have been obtained by irradiation. 

Rose. Although there are several indigenous European rose species, 
modern rose cultivars are largely derived from Asia. Rosa gallica, said to be 
the red rose of Lancaster, was one of the first cultivated species and crossed 
with R phoenicea, gave the Damask rose. The musk rose R moschata was 
also used in early hybrids; later roses, notably the cabbage rose, in which all 
stamens are petaloid, and the moss rose, owe some of their character to the 
native dog rose (R canina). Later the China rose (R chinensis) hybridized 
into the group gave a longer flowering period, and the Hybrid Tea rose and 
Hybrid Perpetual were born. The Pernettiana roses were hybrids with the 
above group, and the Austrian briar (R foetida) and these provided the 
main gene pool for the modern Floribunda types. 

Most modern rose cultivars are tetraploids or higher polyploids and 
apomixis is not uncommon within the genus. Although the seed often re
quires stratification, the raising of seedlings to the flowering stage usualJy 
takes about 18 months. 

PRACTICAL EXERCISES 

1. Test the viability of the polJen grains of mango, citrus, peas, and rose 
by at least two methods. 

2. Dissect the ovaries of peas and show the placentation, indicating the 
type of ovule. 

3. Macerate the pollen of any available cucurbit and try to find any of the 
stages in meiosis. Sketch where necessary. 

4. Learn the techniques of pollen germination. Prepare the media in the 
tissue culture laboratory. 

5. Germinate the seeds of rough lemon, and grapefruit in pots in a green
house and make weekly observations. Count the number of seedlings. 
Can you distinguish nucellar from zygotic seedlings? . 

6. Dissect the seeds of rough lemon, ponkan (Nagpuri Sangtra), and 
trifoliate orange. Separate and count the various types of embryos. 

7. Select two parents of vegetable and fruit cultivars and practice crossing. 

8. Study the distinguishing characteristics of the most important varieties 
of mango, citrus, potato, and marigold. 
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9. Prepare a list of the important rose varieties grown at your university 
and at the Ayub Agricultural Research Institute. 

QUESTIONS 

1. Define plant breeding and its relation to other sciences. 

2. Draw a map showing the centers of origin of modern cultivated crops. 

3. Compare and contrast the flowers of citrus, mango, and peas showing 
the various essential and non-essential parts. 

4. Describe the modes of reproduction of crop plants. Explain the signifi
cance of the mode of reproduction for plant breeding. 

5. Describe briefly the different types of chimeras. Name some important 
fruits where chimeras are generally found. 

6. Distinguish between self-pollinated and cross-pollinated crops. Give 
examples of each. 

7. Show by a diagram the differences in the leaves and fruits of diploid 
and polyploid citrus cultivars. 

8. Define gene. What is the most recent concept of the gene? 

9. What is a chimera? Explain its role in the evolution of new varieties, 
giving illustrative examples. 

10. Write a detailed note on sources of variation both natural and induced. 

11. Distinguish between autopolyploidy and allopolyploidy. 

12. Define a mutagen. Give examples of artificially produced mutations by 
X-rays, gamma rays, or chemicals. 

13. Define male sterility. Has it been commercially utilized? If so, in which 
~~ . 

14. What is a normal fruit set? Explain with examples . 

. 15. Discuss the methods of plant breeding. Which method has been mostly 
applied in Pakistan and what successes have been achieved? 

16. Write a brief note on clonal selection as applied to asexual crops. 
Discuss its merits and demerits. 

17. What precautions are necessary in crossing two selected parent variet
ies? Discuss with special reference to citrus fruits. 
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." 
18. Define heterosis, explaining its mechanism in detail. Can it be utilized 

commercially? 

19. Discuss the backcross method of breeding with reference to potatoes. 

20. Discuss the various problems involved in the improvement of crop 
" varieties of potatoes, mangoes, citrus, and chrysanthemums. 

21. Define the following: (a) Parthenocarpy; (b) Incompatibility; (c) Poly
embryony; (e) Apomixis; (f) Genetic engineering. 
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6. PLANT PROPAGATION 

Saeed Ahmed1 

LEARNING OBJECTIVES 

After studying this chapter, the student should be able to explain how to: 

• Establish a nursery of fruit plants 

• Establish progeny plantations. stocked with improved clonal varieties 

• Propagate plants by both sexual and asexual methods 

• Reproduce ornamental plant species, annuals, perennials, shrubs, and 
flowering and shade trees 

• Produce "Seeds of important vegetable crops 

• Set up a plant tissue culture laboratory 

• Reproduce plant species in vitro 

6.1 Prerequisites for successful plant propagation 

Since numerous crop species are involved, plant propagation is a very vast 
field. This chapter is limited to the most common methods of propagating 
the most important horticultural crops. Plant propagation is both an art and 
science. A successful plant propagator must understand genetics, growth 
characteristics, adaptability to local climate, soil, biotic conditions, and 
principles and limitations of each mode of perpetuation of plant species. To 
attain a high percentage of success with different methods of reproduction, 
grafters and budders should be well practiced in the different methods and 
techniques of plant propagation. 

In Pakistan, the average yields of horticultural crops are estimated ~o 
be only one-third to one-fifth of proven potentials. There is great room for 
improvement in the quality of produce as well. This low orchard efficiency, 
resulting in below optimum yields and quality, is largely attributed to poor 
quality seed material and non-pedigreed nursery plants being multiplied and 
distributed to raise vegetables, fruit crops, and floricultural plant species. 

IDr. Saeed Ahmed IS a member of the Pakistan National Rose Society. 
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Establishment of nurseries. It is imperative that the importance of 
good seed material and nursery plants in the production of horticultural 
crops is recognized. To eliminate the multiplication and distribution of 
inferior cultivars and strains, planting material must be raised under con
trolled conditions using improved methods and techniques. 

Establishment of seed-production facilities and a well-equipped nur
sery is the first step in the reproduction and multiplication of horticultural 
crops. The following points must be considered and taken care of in the 
development of the infrastructure (Garner and Chaudhri 1976). 

• Nurseries should be located in important production areas. 
• Soil should be deep, fertile, well-drained, and free from any soil-borne 

pathogens. Adequate water supply is a basic necessity. 
• Climatic conditions must be considered in relation to the crops in

volved. 
• The site should be well connected by different means of communication 

and must be easily accessible. 
• An adequate number of field personnel, budders, and grafters should 

be available to handle different operations. 
• Fertilizers, fungicides, pesticides, growth regulators, grafting waxes, bud

ding knives, secateurs, pruning shears, plastic, tools, and other related 
equipment and maintenance facilities should be readily available. 

• According to need, the nursery should have lath houses, glass and 
greenhouses, seed germinators, and mist propagation facilities. 

• The nursery should have progeny of selected trees to furnish seeds to 
raise seedlings and rootstock material. 

• The nursery should also have its own resources to provide bud wood 
and other propagating material for vegetative propagation. 

6.2 Modes of reproduction 

Plant species perpetuate in two ways, sexually or asexually. Reproduction 
through seed is sexual, except in some apomictic species. Seeds of some 
species, including mango, give rise to more than one seedling per seed. In 
such cases, however, only one seedling is zygotic; the rest are produced from 
nucellus cells and are called nucellar seedlings. This phenomenon is called 
polyembryony. Nucellar seedlings can be utilized to raise uniform plants. 

6.2.1 Reproduction'through seed 

Raising horticultural plants from seed has several drawbacks. Ordinarily 
when cross-pollinated plants produce seeds, the seedlings do not reproduce 
the characters of their parents. Fruit tree seedlings take a long time to come 
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into bearing and have a tendency to grow tall, which adds to maintenance 
and harvesting costs. However, propagation through seed also has some 
merits. Seedlings are generally hardy, bear heavy crops, and are long-lived. 
Most of the fruit varieties in commercial production are chance seedlings 
having desirable characteristics of yield, quality of fruit, or disease resistance, 
which have been propagated vegetatively and established as clonal varieties. 
Reproduction through seeds is also essential in the breeding of hybrids and 
new varieties and in raising seedlings to be used as rootstock in vegetative 
propagation. In some species, seeds are the only economical means of 
reproduction. 

For the propagation of forest species, vegetables, and annual and bien
nial flowers, seeds are the most convenient, easiest, and cheapest method of 
reproduction. The method is usually employed for the following purposes. 

• Establishment of seed gardens: Seed gardens are established for the 
selection of promising chance seedlings with desirable yield and fruit 
characteristics to be perpetuated as clonal varieties. 

• Ev?lution of promising new varieties through controlled cross-breeding. 

• Crop productiqn: Most vegetable crops, annual and biennial flowers, 
and some. fruit crops such as papaya, coconut, and [a/sa can be pro
duced through seed conveniently and cheaply. Some citrus species and 
a few mango varieties are polyembryonic. The zygotic seedlings or 
variants are generally weak and retarded in'growth and are rogued out 
to maintain a uniform crop of nucellar seedlings identical in all respects 
to the seed parent. Since most of the viruses in citrus trees are not 
transmitted through seed, the phenomenon of polyembryony is being 
used in some countries to screen out virus diseases and to establish 
commercial plantations using nucellar seedlings. 

• Raising rootstock: In vegetative propagation, particularly in budding 
and grafting operations, seedlings of congenial rootstock species are 
always needed (Singh and Krishnamurthi 1967). 

Preparation for sowing. There are several factors which must be con
sidered before actually sowing the seed. 

I. COLLEcnON OF SEED: Collection of seed from reliable sources minimizes 
the chances of seedling variation. The fruits selected for seed extraction 
should possess good fruit and keeping-quality characteristics. In most cases 
they should be fully mature and taken from healthy, vigorous plants with a 
high degree of disease resistance. 

U. STORAGE OF SEED: Seeds of most of the evergreen fruit spedes lose 
viability soon after extraction, and should be sown without prolonged 
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storage. In case it becomes necessary to store the seeds, they should be 
carefully washed, surface dried, mixed with an equal part of ground charcoal, 
and packed in suitably sized wooden or metallic containers, which should be 
stored in a dry, cool place with temperature between 3.0°C and 13°C (Singh 
and Krishnamurthi 1967). 

Ill. PRE-GERMINATION SEED TREATMENT: In some deciduous fruit species, 
like apple, pear, peach, plum, and cherry, the seeds need a certain period' 
of rest after extraction before they will germinate. Such seeds must be stored 
with alternate layers of moist sand, at a controlled cold temperature and 
suitable moisture conditions before sowing. This process is called strati
fication; it allows the embryos in the seeds to complete their development. 

Seeds with hard shells like ber (jujube) and guava need to have the seed 
coa t cracked or softened by soaking in water for several hours or days. Seeds 
of mango, citrus, papaya,falsa, jaman, and loquat do not need any treatment 
before sowing (Garner and Chaudhri 1976). 

Sowing. The seed is either sown in pots, trays, or plastic bags; or in 
beds in nursery rows. With species which do not tolerate transplanting well, 
seeds are sometimes sown in specially prepared holes, at the recommended 
distance from plant to plant and row to row for the species and variety 
which is to be used as scion. The seedlings thus raised are budded or grafted 
in situ. 

When a small number of seedlings is required, they are raised in earth
en pots, wooden trays, plastic bags, or in advanced countries 'jiffy pots', discs 
of compressed peat encased in netting, which sweH to several times their 
original size on absorption of water. The containers are filled with a potting 
mixture of equal parts of topsoil, sand, and well-rotted leaf mold or FYM. 

In nurseries, seeds are sown in well-prepared beds, where the soil has 
been thoroughly worked, pulverized, and mixed with well-rotted FYM or 
leaf mold. The distance allowed varies with crop species. Seeds of most 
species of fruit can be sown in lines 10 cm apart. A sowing depth two to 
three times the diameter of the seed is usually satisfactory. The seeds are 
covered with sand or leaf mold, and watered after sowing. 

6.2.2 Methods of asexual propagation 

Asexual or vegetative reproduction uses a part of the plant for mUltiplica
tion. Plant parts used are stems, leaveo buds, roots, bulbs, corms, rhizomes, 
suckers, and tubers. Asexually propagated progeny are identical to the 
parent plant in all respects. Vegetativelypropagated plants remain relatively 
low-headed and bear earlier than sexually reproduced ones, with uniformity 
in fruit quality. These traits result in savings in cultural operations and make 
harvesting of the crop and its marketing easier. 
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The use of congenial rootstock allows wider adaptability of a variety to 
soil, climatic, and biotic conditions. The influence of rootstock on scion 
vaIiety can also be utilized to regulate tree size, yield, quality of produce,. 
and time of ripening. Sometimes newer varieties become popular, and 
growers want to replace their old orchards. In such situations, trees of older 
stands can easily be top-worked using bud wood or graft wood of superior 
varieties or strains. This process saves time and expenditure in the establish
ment of plantations of new varieties to meet the requirements of changing 
demand trends. 

There are only a few disadvantages to using vegetative propagation 
techniques. The budded and grafted plants are generally less vigorous and 
short-lived than seedlings. Also, new varieties cannot be evolved through 
asexual propagation. 

There are many methods of vegetative propagation. Some are quite 
simple, while others are complicated and laborious, requiring considerable 
knowledge and skill. The methods most prevalent in Pakistan are discussed 
in this chapter (See also r:hilders 1969 and Hartman and Kester 1968). 

6.2.3 Layering 

Layering means rooting of shoots, stem, or branches while they are still 
attached to the parent plant. Some trees and bushes, like blackberry, layer 
themselves ,naturally. Strawberry produces runners, another form of natural 
layering. The advantage in layering is that the young plant continues receiv
ing nourishment from the parent plant. Layering can be carried out in the 
spring or late summer months. Different methods of layering are practiced 
in the propagation of fruit and perennial flowering shrubs (Garner and 
Chaudhri 1976). 

Air layering. This method involves shoot tips which are buried 3-5 cm 
in the soil to encourage the development of fibrous roots, after which the 
root tip portions are separated. The technique is usually employed for 
blackberry and other bushes. 

Air layering or marcottage. This method is locally known a!' ghooti. It 
is common for vegetative propagation of guavas and litchi in areas where 
rainfall is abundant and humidity very high. It is done by making a round 
incision with a knife, a ring of very small diameter, or an ordinary cut in a 
mature and healthy vigorously growing branch just below a node. When an 
ordinary cut is made, a very small stone is pushed slightly into the cut to 
prevent the two sides from reuniting. The cut is then covered with sphagnum 
-moss or wrapped with a mixture of sawdust and mud. A pot is hung just 
above the layering so that water drips on it and keeps it moist. The need for 
providing dripping water is now being eliminated by using sphagnum moss 
and polythene as wrapping material. The plastic film allows the exchange of 
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gases but does not allow moisture to escape. Thus it helps the retention of 
moisture by the moss without interfering in respiration. Rubber strips are 
used to tie the ends of the polythene enclosing the moss. This operation is 
done successfully preferably in spring or in the rainy season when there is 
a lot of humidity in the air. 

Since the films are transparent, the initiation and development of roots 
within the wrap can be seen without disturbing the layering. Sufficient roots 
develop within three to four months, and the layers are carefully detached 
from the parent plant and the wraps removed. The layers are then placed 
in pots containing well decayed leaf mold or soil mixed with well-rotted 
FYM. The pots are kept in shade under humid conditions. The soil in the 
pots is not allowed to dry out. 

Ground layering. In ground layering, instead of wrapping, the rigged 
or notched portion is buried in the ground or in soil prepared in pots. The 
shoot is kept in position by tying it with a peg or by putting a weight on the 
surface of the soil. After two months, a half cut is made in the parent 
branch just below the layering. If no wilting is noticed, it indicates that the 
new layer has developed roots. The layering is separated and set out as an 
independent plant (Singh and Krishnamurthi 1967). 

Serpentine layering. With some species which give out long and flexible 
branches, the shoot to be layered is covered with soil at several places to en
courage rooting at more than one point. The method is thus known as 
serpentine layering. 

Mound or stool layering. This technique involves cutting down the 
parent plant to ground level. The stubs or stools are earthed up to encour
age the gl'owth of shoots. The emerging shoots are earthed up gradually 
until one-third to one-half of their length is covered with soil. Growth of 
shoots in complete darkness results in blanching (etiolation). This etiolation 
induces development of roots at the basal ends. These are detached and 
transplanted in the nursery. The best results in layering follow banking of 
the shoots with earth as early as possible and before the tissue becomes 
woody. This method is employed generally in the production of material to 
be used as clonal rootstocks in mango and guava, and dwarfing rootstocks 
of apple and pear. 

6.2.4 Division 

Division involves separating vegetative parts like rhizomes, offsets, crown, 
runners, or suckers·from the parent plant and establishing them as indepen
dent plants. The method has wide application in the propagation of flower
ing shrubs. Among fruit crops, strawberries are propagated by runners, date 
palms by suckers, pineapple by offsets and crown, and bananas by suckers 
or rhizomes. 
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6.2.5 CuttIng. 

A cutting is a piece of a plant: a shoot, stem, leaf, bud, root, or merely a 
tiny piece of meristem. Though incomplete in themselves, cuttings have the 

. capacity to produce roots and shoots, essential to the development of plants 
identical to the parent which furnished the cutting. Cuttings should only be 
taken from strong and healthy plants. Grapes, sweet limes, lemons, limes, 
roses, and other perennial flowering shrubs are commonly propagated 
through cuttings. 

Root cutt,ings. To prepare root cuttings, the roots -are cut into pieces 
10-25 cm long, which are planted horizontally in well-prepared beds or in 
pots. Many perennial shrubs, guava, breadfruit, apple, pear, cherry, and 
persimmon can be reproduced from root cuttings. However, the method is 
seldom used in Pakistan. 

Stem cuttings. Cuttings of either sqft wood or hard wood ar.:! used to 
propagate a number of fruits and flowering shrubs. 

SOFf-WOOD CUTI'INGS: Soft-wood cuttings, as the name suggests, are taken 
when the stem is still soft and succulent in spring or early summer, and 
generally consist of terminal portions of the shoots. Sometimes middle and 
basal portions are also used, provided they are soft and sappy. Soft-wood 

. cuttings are mostly used to propagate flowering shrubs and guava. Cuttings 
of guava from terminal shoots root easily in misty conditions. 

HARD-WOOD CUTI'INGS: Hard-wood cuttings are taken from the previous 
season's mature growth, when the stem has shed leaves and is hard and 
lignified. Hard-wood cuttings are used in the propagation of sweet lime, 
lime, lemon, grapes, pomegranate, fig, and plum. Cuttings of most plant 
species which are prepared from mature wood are of pencil thickness vary
ing from 18-25 cm in length. The upper cut, about 5 cm from a node, is 
made at a right angle, to reduce the size of the wound. A basaJ slanting cut 
close to the node increases the surface for nutrient absorption. The cuttings 
are planted 15 cm from each other in rows 30 cm apart. Any closer planting 
induc.es damping off. Generally two-thirds of hard-wood cuttings and 
one-half of soft-wood cuttings should be inserted in the soil in a slanting 
position to prevent rain water from entering through the cut surface. To 
expel air, the soil around each cutting must be pressed and firmed up. The 
beds or pots are kept moist: by daily irrigation. Root growth is.favoured by 
a soil temperature of 18-21°e. 

In evergreen species, cuttings are prepared and planted in early spring 
or the rainy season. However, in deciduous species, the cuttings are made 
during the dormant season and are stored to be planted during early spring. 

Plant growth regulators. Cuttings of some plant species do not root 
r~adily. Plant hormones, such as indoleacetic acid, indolebutyric acid, 
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naphthalene acetic acid, and naphthalene acetamide have successfully been 
used to stimulate rooting in cuttings. These chemicals are used as solutions, 
powders, or in lanolin. Aqueous solution of about .01 % or 50-1000 parts per 
million (ppm) ~s generally used, depending upon the plant species. The basal 
ends of th ..:uttings are either dipped in the solution, or powder is applied 
to the rooting ends (Singh and Krishnamurthi 1967). 

6.2.6 Grafting 

Unlike with layering, division, and cuttings, a grafted plant is composed of 
two parts. The basal part which provides the root system for anchorage and 
absorption of moisture and nutrients is called the rootstock. The scion 
provides top and fruit-bearing surfaces and synthesizes food which is trans
ported to other parts of the plant. Scion and rootstock should be compatible 
and closely related, belonging to the same genus. 

Grafting is a process by which a piece of scion is attached to a rootstock 
in such a way that the cambiums of both scion and rootstock come in firm 
contact, so that the new secondary tissue resulting from cambial cell division 
in the scion and rootstock is closely knitted. The stock usually influences the 
size and vigour of the tree, and the scion the yield and quality of fruit it will 
bear. Grafting allows utilization of varying climatic, soil, and biotic condi
tions with advantage. When a single bud is used as sciqn and inserted into 
the rootstock, the method is called budding, whereas when a piece of stem 
or branch carrying one or more than one bud is used the process is known 
as grafting. Several important methods of grafting used to vegetatively 
propagate fruit and ornamental trees are discussed below. 

The first step in the budding and grafting operation is to raise seedlings 
of compatible rootstock species, or to produce clonal rootstocks to avoid 
variation otherwise encountered in seedling populations. If seedlings are 
used, only strong, vigorous, and healthy ones should be selected to be used 
as rootstock (Childers 1969; Gourley and Howlett 1949; Hartman and Kester 
1968; Kains and McQuesten 1952). 

The selection and care of scion wood is of the utmost importance. It 
must be collected from selected progeny trees which are true-ta-type and 
have desirable fruit and yield characteristics. Twigs that have shown growth 
during the previous season usually furnish the best scion wood. The buds 
should be well-developed, plump, mature, and in dormant condition. 

If the bud wood is not to be utilized immediately, it can be stored for 
a limited time. The sticks of bud wood are tied in small lots and properly 
labelled for identification. Both the ends are sealed in melted wax to prevent 
excessive evaporation. The bundles are then put in sphagnum moss, wrapped 
in polythene bags, packed in a suitable box, and stored in a cool place. 
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Only the most compatible scion and rootstock combinations should be 
used in grafting and budding. Incompatible combinations result in poor bud 
take, weak graft or bud union, overgrowth of stock as compared to scion or 
vice versa, low disease resistance, excessive leaf drop, early decline, low 
yields of poor quality fruit, and short life span. 

6.2.7 Budding 

Budding is relatively easy to do and is extensively used in the vegetative 
propagation of vast numbers of species of fruit and flowering trees, particu
larly evergreens. Four different methods of budding are generally identified. 

Shield budding or 'T-budding'. This is by far the most common meth
od of vegetative propagation of citrus, jujube, apple, loquat,' roses, arid many 
other ornamental trees and shrubs. 

The rootstock seedling and bud wood are pre-conditioned and prepared 
when the sap is moving freely. For convenience in handling, before the buds 
are actually removed, the leaf blades are cut off, leaving the petioles intact. 
A narrOw shield of bark 3-4 cm in length, bearing a single bud is removed 
with a budding knife. The shield will have a thin layer of wood, which is 
removed from thorn less buds but is kept intact with thorny buds, as with 
some of the citr:us species. A vertical cut 3-4 cm in length is made just 
through the bark on the rootstock. At the top end of this cut a horizontal 
cut about 1.25-1.5 cm long is made, so that the cut resembles the letter 'T'. 
In areas with heavy rainfall, sometimes an inverted 'T' cut is used to avoid 
the entrance of excessive moisture. Care should be taken not to injure the 
wood underneath. The height of budding on stock varies with stock and 
scion being used, climatic conditions, and the prevalence of viruses and 
diseases. Using the plastic or bone spur of the knife, the bud is inserted 
under the bark, which has been loosened from the wood. To hold the bud 
firmly in position and to exclude air and moisture, the bud union is carefully 
wrapped using suitable plastic strips, keeping the bud exposed. 

In most cases, the bud union is complete in about four weeks. When the 
buds begin to swell and sprout, the top of the budded stock is cut close to 
the bud union to encourage the rapid growth of budlings. After the sprouts 
have grown about 10 cm, the tying material is removed and the budded 
plants are trained to their proper size and shape. They are carefUlly tended 
in the nursery until they are disposed of for transplanting (Chandler 1958; 
Ginai 1968; Yusuf 1989). 

Ring budding. In this method, a ring of bark 1.5-2 cm in length, con
taining a well-developed bud is loosened on the scion shoot and is gently 
pulled out from the thinner end of the shoot. In pulling off the ring, a 
handkerchief is used to avoid possible injury to the bud. The top of the 
stock seedling is removed and the bark is peeled .off downward to a point 
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where the ring of the bark bearing the bud fits tightly. No tying is necessary 
in ring budding. Uniformity in the thickness of the rootstock and scion 
shoots is desirable for higher percentage of success. This method can be 
employed in the propagation of ber, mulberry, peach, and plum. 

Chip budding. A single bud with a large piece of wood is placed on a 
corresponding cut made on the stock and tied firmly. This method is rarely 
used. 

Flapped-patch budding. A rectangular or square flap of bark on the 
stock is loosened on three sides. The corresponding bud shield is inserted 

, underneath the loosened flap of bark. The flap is then placed over the bud 
shield and wrapped. It takes about two months for the buds to sprout, after 
which the wrapping material is removed. 

6.2.8 Grafting methods 

Inarching or approach grafting. Unlike other grafting operations, in inarch
ing the scion is attached to the stock while it is still attached to the parent 
plant. In Pakistan, the method has been extensively used in the vegetative 
propagation of mango. The method involves potting healthy one-year-old 
seedlings in earthen pots, which are usually 12 in deep and 8 in wide at the 
top. The earth ball along with root system is kept intact and placed in the 
pot. The unfilled space in the pot is then filled with a mixture of well-rotted 
manure and canal silt. The soil is firmly pressed around the earth ball and 
the transplanted seedlings are then watered. Potting of seedlings is usually 
done one month ahead of actual inarching operations. This allows sufficient 
time for the seedlings to set before grafting. 

Inarching can either be done in the spring months or in the rainy season 
(July-August). July and August are preferred over the spring season because 
after in arching operations in the spring months the wind storms in the early 
summer reduce the percentage of success. High wind velocity knocks over 
the pots and loosens the graft union. 

The potted seedlings are brought near the parent plants for inarching, 
hence the name grafting by approach has also been given to this method of 
grafting. If shoots of desirable size are available at ground level, potted 
seedlings are put underneath the parent scion trees and inarching operations 
are completed. However, if shoots are only available at a certain height, the 
pots are raised and provided support. 

Every care must be exercised in the selection of rootstock and scion 
shoots. The size of the rootstock and of the scion shoot should be the same. 
A slanting cut about 5 cm long and 2 cm deep is made on the stock seedling 
at a height of 15-20 cm. A similar cut is made on the scion shoot and the 
corresponding cuts are then brought together and tied with plastic film. To 
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prevent drying up, the union point is covered with moist sphagnum moss and 
wrapped with polythene film. 

While tying, care is taken to bring the corresponding cambium surfaces 
into contact. The union takes place within three to four months. When the 
graft is still attached to the parent plant, the pot is watered twice a day 
during the summer months. Removal Qf the graft from the parent plant is 
a gradual process. Prior to the final cutting away of the graft from the 
parent plant, an incision is made on the scion some 5 cm below the graft 
union. The period between the incision and removal of the graft should be 
seven to ten days. Steps in the process are shown in Figure 6.1. 

A c o 

Figure 6.1 Inarchmg. a) Stock; b) SCion shoot, sliced to expose the cambium in an equal 
pattern; c) Exposed portions of stock and scion, brought together and tied; d) Stock in pot and 
sprouted scion. 

After the graft has been removed, it is placed in the shade of trees. The 
top of the stock is also gradually removed after they have been stored in the 
shade for about two weeks. They are then kept for about four to six months 
in the nursery before they are planted (Abmed 1960; Hartman and Kester 
1968; Singh and Krishnamurthi 1967). 

Wedge or cleft grafting. This method is generally used in the propa
gation of deciduous fruits and top-working older trees of inferior varieties. 
Branches of the rootstock 1.25-5 cm thick or even larger are cut at the top, 
and a vertical split 5-8 cm deep is made in the centre of the stub with a 
heavy .chisel or knife. The split is kept apart until scions containing at least 
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three buds are inserted. The basal end of the scion is cut into a long sloping 
wedge about 5 cm long. The side of the wedge which is to face outward is 
made slightly wider than the inside edge. One scion is inserted in each side 
of the split. After adjustment of the scions, the tool used to keep the split 
open is removed to allow the full pressure of the split stock to bear on the 
scions at the point where the cambium of stock and scion are in contact. No 
tying is usually needed, however, all the wounded surfaces are thoroughly 
waxed over. Cleft grafting is most successful when done in early spring when 
the buds are beginning to swell but before active growth has started 
(Childers 1969; Hartman and Kester 1968). 

Splice grafting. A slanting cut about 10 cm long is made at the basal 
end of the scion, which is placed on a corresponding cut made on the 
rootstock seedling at a height of 30-45 cm from ground level, and then tied 
together. The cambial areas of scion and stock should be in close contact; 
to achieve this both should be of the same thickness. The top of the plant 
down to the graft union is covered with a polythene bag, loosely tied at the 
basal end to prevent excessive transpiration. The union takes place within 
three weeks to three months, depending upon the plant species involved and 
the age and condition of scion and rootstock. Splice grafting has been 
employed in grafting mango in the Philippines and Brazil, and for some 
varieties of apple. 

Tongue grafting. The scion and rootstock are cut exactly in the same 
way as in splice grafting. To provide strength and exposure of greater cambi
al area for union, tongue-shaped slits are then made in both scion and 
stock. The secondary slits or cuts are half the length of the original slanting 
cuts. The scions and stocks are brought together, firmly interlocking. The 
graft wounds are waxed over, with or without tying. 

Bark grafting. Unlike in the cleft graft, the stub of the stock is not cut 
horizontally. Instead, several scions with their basal ends trimmed as wedges 
are inserted between the bark and the wood. The operation is done during 
spring when the bark can be loosened more easily. 

Bridge grafting. Bridge grafting is practiced to save valuable trees with 
diseased or damaged trunks. To prepare the tree trunk for bridge grafting, 
the damaged part is trimmed back to healthy tissue by removing dead or 
torn bark from the affected parts. Bridge grafting is best performed during 
early spring when the bark can be lifted easily. Scions of sufficient length to 
bridge over the damaged area are taken. One long slanting cut is made at 
each end of the scion, both cuts on the same side. A second cut is made on 
the back side. The bark on both upper and lower sides of the wounded area 
is loosened as in bark grafting, and the scions are then inserted between the 
bark and wood of the stock and are nailed down (Figure 6.2). All cut surfac
es are carefully coated with wax, and any sprouting on scion surface should 
be removed. Complete healing takes place in a few years time. (Childers 
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Chaudhri 1976; Hart-
man and Kester 1968). 

Veneer grafting. 
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Figure 6.2 Bndge grafting. longitudinal section showing 
details: a) wounded portion of the trunk; b-c) scion twigs with 
trimmed ends inserted under the bark of trunk on both sides of 

Veneer grafting and 
side veneer have been 
successfully employed 
in vegetative propaga
tion of mango and 
guava. The methods 
being followed in 
Pakistan are described 
here. Healthy, two to 
three-year-old vigor
ous stocks are select
ed. Scion shoots with 
terminal buds are used 
a!; graft wood. The 
scion wood is pre
pared by clipping off 
the leaves leaving 
petiole stubs .5 cm 
long intact. The pre
conditioned shoots of 
the scion are then 
girdled at a place 1.5-
20 cm below the apex. 
The grafting wood is 
ready in about 15 days 
in spring and 12 days 
in autumn, when the wounded portion. 

buds begin to sw~ll. 
Graft wood 10 cm in length is detached from the scion trees and grafted on 
the stock seedlings at a point having almost the same girth as that of the 
scion. The grafting operation is done by making a tangential cut 5 cm long 
through the bark of the stock, making a notch at the base. A similar cut is 
made on the graft wood with a wedge at the base. The cut surfaces 9f the 
stock and scion are united. The scion wood is tied with waxed cotton tape. 
It is then wrapped in a polythene sheet and both ends of the plastic are tied. 
After the union has taken place and new growth appears, the wraps are 
loosened. After the first flush of the scion, the cotton tape is untied. The 
stock is then cut back partially. The heading-back of the stock is completed 
after the growth of the second flush of the grafted scion (Ahmed 1960). 
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Side grafting. Vigorous stock shoots are selected. Fresh and mature 
scion sticks about 12-13 cm long are collected from a desired variety and 
their leaves are clipped off. A two to three-year-old stock tree planted in 
orchard rows is selected. At the base of the scion on one side a longitudinal 
cut of 5-8 cm is made, cuttinb away half of the girth at the base and thus 
making a wedge. An oblique cut is made in the stock at an angle of 20-30 
degrees and about 2.5 cm deep, and the scion is inserted in the cut portion 
and gently pusped down until it is fixed in the bark. The union is tied with 
waxed cotton tape and wrapped with polythene. After the graft sprouts, the 
polythene is removed. The other precautions are the same as in budding. 

This method can be performed in both spring (March-April) and au
tumn (August-September), but the maximum success rate of 90 percent is 
achieved during spri~g (Abmed 1960; Khan and Abmed 1972). 

T-grafting. In the technique of T-grafting, the scion wood is prepared 
as for veneer grafting. The shape of the cut on the stock is, however, differ
ent from that made for veneer grafting. A 'T' -shaped cut is made in the 
stock bark, into which the scion is inserted and firmly wrapped with waxed 
tape. The graft is covered with polythene (Khan and Abmed 1972). 

Top working. Top working of large, inferior mango seedlings to a more 
desirable variety is possible, though the practice is not very common. The 
method practiced is to dehorn the tree branches or main limbs to within 
25 cm or so of the main trunk of the tree. This is done in early spring. The 
shoots which grow from the stump become fit for budding in the following 
summer or autumn months. Since in the plains there is danger of sunburn 
injury, the naked trunks are protected by whitewashing:'I~order to provide 
shade until the new top is established, sometimes a few'1>f the weaker 
branches are left and not de horned. Thus the complete change over of the 
top may extend over more than one season. The remaining branches can be 
pruned back in the same way and shield-budded in the subsequent season. 
Young plants in the field with a trunk diameter from 2.5-20 cm can easily 
be veneer-grafted on the main branches at a height of 25-50 cm from 
ground level. If the trunk is too large or difficult to work, the lower main 
limbs can be veneer-grafted (Abmed 1960). 

6.2.9 Factors Influencing success in vegetative propagation 

• Graft union takes place readily between varieties and species. It be
comes unlikely when plants belonging to species in different genera are 
involved, and impossible in the case of different families. 

• Only compatible stock/scion combinations should be used. 

• Use seed and grafting material from well-tested, true-ta-type parent 
trees with a high degree of disease resistance, and desirable yield and 
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fruit characteristics. For better -contact between cambial surfaces to 
assure grafting surface, rootstock and scion should be of the same 
vigour and thickness, and of suitable age. 

• Grafted seedlings in pots or nursery rows should be carefully tended. 
They should also be protected from desiccating winds, direct sunlight, 
rain, and frost injury. 

• The material used as bandages and for wrapping graft union should be 
removed once the bud sprouts have made some growth (Childers 1969; 
Gamer and Chaudhri 1976; Singh and Krishnamurthi 1967). 

6.3 Plant tissue culture 

Plant tissue culture oommonly refers to in vitro and aseptic cultivation of 
any plant part (cells or tissues) on a nutrient medium in an artificial envi
ronment. Research efforts in plant-cell and tissue culture have increased 
dramatically worldwide in recent years, including efforts in the developing 
nations. Plant propagation using shoot-tip culture is the most widely used 
area in plant-cell and tissue culture and is currently being used to propagate 
elite genotypes of several plant species in a number of countries (Gamer 
and Chaudhri 1976; Hartman and Kester 1968; Yusuf 1989). 

Clonal propagation. True-to-type plants can be raised by shoot-tip/ 
meristem culture. The terminal 2-3 mm portion of plants (meristem) is 
almost free from viruses, for the reason that cell divisions in such parts are 
very active. Virus-infected cells, on the other hand, divide comparatively 
slowly and lag behind. On nutritive media under controlled environmental 
conditions, such meristems can be made to grow into complete healthy 
shoots. . 

6.3.1 Commercial considerations 

Some important commercial considerations in tissue culture are, briefly: 
Capital investment. The initial cost of a tissue culture laboratory is 

higher than the cost of using conventional methods. 
Expe~. Wen-trained personnel are required for this technique. They 

should be conversant with standard microbiological techniques and have 
sufficient botariical knowledge of the material and of its in vitro behaviour. 

Range of appllcability. Although in theory it would seem that any plant 
can be cultured by supp~ the appropriate metabolites in suitable in vitro 
conditions, so far only a small proportion of plants can be cultured well 
enough to be effectively propagated. The time and expense involved would 
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probably be worthwhile for the major crop plants, but not necessarily for the 
minor crops. 

6.3.2 Technical problems 

Phenolics and other inhibiting factors. A number of plants produce exces
sive amounts of phenolic substances whose oxidation products not only 
darken both the tissues and the medium but often inhibit growth. Where the 
problem is confined to the reaction of the initial explant it may be prevented 
by treatment with ascorbic or citric acid. 

Vitrification. An occasional problem with cultured plants is the devel
opment of swollen, distorted leaves which become irreversibly translucent 
and eventually necrotic, a condition that may lead to the death of the shoot 
cluster. This has been referred to as watersoaking (Khan et al. 1987; Mura
shige 1977) and is more recently described as vitrification (Ioc. cit.). The 
phenomenon occurs in shoots cultured on media containing cytokinin and 
can generally be prevented by making sure that the concentrations are not 
higher than necessary. 

Bacterial contamination. A persistent difficulty in tissue culture labora
tories is the occurrence of contamination by slowly-growing and often mac
roscopically invisible microorganisms, particularly bacteria. 

Quality of plants propagated by in vitro techniques. It has been ob
served that when proper culture media and conditions are not provided to 
the explants certain changes may occur in plants raised through tissue 
culture. These changes are due to epigenetic effects and genetic differences. 

Supply of electricity. A continuous supply of electricity is very essential 
for tissue culture techniques. Since there is frequent load-shedding in this 
country, an alternate power supply through generators is required for tissue 
culture laboratories. 

6.3.3 Techniques 

There are three main steps or stages in the tissue culture multiplication 
technique. 

1. Establishment stage. The explant or tissue fragment is sterilized in 
a disinfectant and placed in a carefully selected and formulated nutrient 
medium for a period ranging from four to eight weeks. The purpose is to 
confirm sterility and to establish growth of the explant. . 

2. Multiplication stage. Plant material resulting from the establishment 
stage is divided and each part replanted in separate culture tubes. As multi
plication occurs, the fragments are again divided and replanted in separate 
fresh containers. This procedure may be repeated several times to rapidly 
propagate shoots. Since each transplanted shoot has the ability to produce 



PLANT PROPAGATION 201 

a complete new plant, it will produce new shoots of its own, each of which 
also has the potential to produce shoots and roots. 

3. Pre-transplant stage. Before transplantation, the prepared plants are 
generally hardened by deleting the hormones from the medium and by 
increasing the light intensity. They are then transferred to soil in the green
house. About two to four weeks ate usually required to condition or harden 
a plant before potting it. Special greenhouse procedures are required for 
about four to eight weeks until a complete transition from laboratory to 
greenhouse is completed. 

6.3.4 Preparation for tissue culture 

In preparation for the above stages, the following procedures and precau
tions are followed. 

1. Selection of tissue. For maximum success in using the tissue culture 
method, the explant must be chosen systematically. The success of this 
method is directly related to the organ source-its age, the season in which 
explant is taken, size of the explant, and overall quality of the plant from 
which the explants are obtained. Shoot tips have been satisfactory for many 
plants, whereas se~tions of root, leaf, inflorescence and other organs may be 
better for other plants. Tissue obtained from young plants tends to repro
duce better than that from older source plants. Tissue taken from the grow
ing point has the power of rapid cell division and is generally free from 
viruses and virus-like disorders. The explants should be free from visible 
attack of pests and diseases. 

2. Sterilization. The primary objectives of this step of in vitro propa
gation are the establishment of a microbe-free explant culture, and the 
initiation of new growth. The outer surfaces of plants growing under natural 
conditions are normally infested with spores and other microbial cells. 
Mature inner tissue may harbour fungi and bacteria without showing visible 
symptoms. Plants grown in the greenhouse or growth room are somewhat 
free of these maladies. Before culturing the explants, it is essential to disin
fect the material and then wash it four to five times with autoclaved water 
to remove the residual toxic effect of the chemical. Some disinfectants 
commonly used for this purpose, and their concentrations, are listed below. 

Disinfectant 
Sodium hypochlorite 
Ethyl alcohol 
Benzalkonium chloride 
Hydrogen peroxide 
Mercuric chloride 

Concentration 
0.5-5% 
75-80% 
0.01-0.1% 
3% 
0.Q1-O.1% 

Dipping time 
5-20 min 
Several sec 
Several min 
15-30 min 
10-20 min 
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Each plant behaves differently with these disinfectants. 
Since all plants have a waxy outer surface, it is usually necessary to add 

a small amount of detergent to the disinfectant to allow better penetration. 
Tween is a detergent being widely used for this purpose (Khan et a!. 1987; 
Murashige 1977; Qureshi et a1. 1991; Street 1977). 

Inoculation area. For this purpose a special room is prepared which 
should be free from dust and microorganisms; it should have ultraviolet 
lights and be· air-conditioned to maintain the desired room temperature. It 
should be equipped with a ventilation unit with laminar flow and positive 
pressure. A laminar flow cabinet is a special piece of equipment with a 0.3 
UM HEPA filter of 99.97-99.99 percent efficiency. It should be fitted in 
such a way that the air is forced into the cabinet through a dust filter and 
is then directed over the working area at a uniform rate. Before the cabinet 
is used, it should be thoroughly cleaned and sterilized with 70-80% ethyl 
alcohol. 

Culture facility. Plant tissue to be cultured on any nutritive medium 
should be incubated under proper conditions of well-cpntrolled temperature 
and light for photoperiod and humidity control and air circulation. All these 
factors are directly related to the success of this technique. 

Media for plant tissue culture. It is very important that tap water never 
be used for dissolving the chemicals because it contains many impurities 
such as cations, anions, mineral salts, microorganisms, and gases. Double 
distilled water should always be used for this purpose. 

Four different media-MS, B5, White, and HelIer-are used in the 
propagation of horticultural plants by this technique. Of these, the medium 
named after Murashige and Skoog (ms) is more common (Khan et a!. 1987; 
Murashige 1977; Qureshi et a!. 1991; Street 1977). 

Culturing of tissues. After samples of explants are collected from 
healthy young plants at the juvenile stage, and before proceeding further, the 
worker should disinfect his hands and tools with 70-80% ethyl alcohol to 
avoid any contamination. The samples are disinfected with a proper disinfec
tant along with a few drops of detergent under a laminar flow cabinet, and 
then rinsed thoroughly with autoclaved water to remove the residual toxic 
effect of the disinfectant. The terminal and lateral buds are removed from 
the sample with a scalpel and are l'laced in autoclaved test tubes or jars 
containing solidified or liquid nutritIve medium. Then these test tubes/jars 
are covered with autoclaved polythene sheeting and closed with rubber 
bands. 

The tubes/jars are labelled with a marker, indicating the treatment, 
variety, date, and any other essential information. The trays of culture 
tubes/jars should be placed in the culture room for growth. 
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6.3.5 Progress of tissue culture In Pakistan 

Hardly ten years ago the term 'plant tissue culture' was totally new to most 
universities and research organizations in Pakistan. There were, however, 
sporadic reports from the Department of Genetics, University of Karachi; 
Central Cotton Research Institute, Multan; and Department of Botany, 
University of Peshawar. From 1980 onwards there was a quantum leap in 
the number of tissue culture laboratories in various parts of Pakistan, and 
now a stage has been reached where the private sector is willing to invest in 
this new technology. Plant tissue culture has emerged as a rapidly developing 
science because of its proven success in agricultural improvements: elimina
tion of diseases, evaluation of new varieties in a reduced span of time, and 
a shortened breeding cycle .. 

At present at least 18 tissue culture or genetic engineering biotechno
logy laboratories have been established. The tissue culture laboratories at 
the AARI at Faisalabad and NARC, Islamabad have reported substantial 
success in in vitro propagation of important fruit trees and ornamental 
plants, including guava, apple, grape, Kinnow mandarin, date palm, chrysan
themum, and bougainvillea. The Potato Research Station at Abbottabad 
utilizes in vitro propagation to increase new potato cultivars. 

6.4 Propagation of vegetables 

Most vegetables are reproduced from seed. The importance of good seed in 
truck-farming cannot be overemphasised. Good seed and planting material 
are produced under controlled conditions. Seed should be pure, free from 
dust, weed seeds, and diseases; and it should have a high degree of viability. 
Since most vegetable crops are cross-pollinated, varieties and species are 
segregated in the fields to avoid unwanted cross-pollination. 

In the plains, many vegetables do not set seed because of harsh climatic 
conditions. Areas at higher elevations in the mountains offer a congenial 
environment for raising vegetables to produce quality seed. 

From the point of view of reproduction, vegetables can be put into five 
general categories. 

1. Vegetatively propagated: Many vegetables like potato, sweet potato, 
garlic, turmeric, ginger, and cocoyam do not seed under normal condi
tions. They are propagated vegetatively. For high yields and good quali
ty produce, it is of utmost importance that planting material in these 
crops be free of viruses. 

2. Self-pollinated: Vegetables such as tomato. chili, brinjal, lettuce, and 
peas are largely self-polIjnated. Complete flowers are borne on the 
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same plants and self-pollination takes place before they open. As a 
precaution, different varieties meant to produce seed must be planted 
40-50 m apart. 

3. Partially self-pollinated~ Vegetables with complete flowers in which a 
good nectar supply is easily accessible attract insects which effect 
cross-pollination. Crops like carrot, celery, Brussels sprout, okra, and 
onion are partially self-pollinated. For pure seed production, different 
varieties should be isolated and planted at least 500 m apart. 

4. Cross-pollinated: Vegetables like muskmelon, watermelon, cucurbits 
(kadu, ghia tori, pumpkins, bitter gourd, tinda) bear male and female 
flowers on the same plant, a condition conducive to cross-pollination by 
in~ects. To maintain.purity, varieties and species are isolated, and for 
seed production are planted at least 500 m apart. 

5. Self-sterile: Cabbage, cauliflower, radish, and turnip bear complete 
flowers, but suffer from self-sterility because of incompatibility of the 
female and male parts. They are freely cross-pollinated by wind and 
insects. For seed production, varieties are planted allowing at least 
500 m distance between stands of different varieties. 

The most important factor to be considered in the production of seed 
of cross-pollinated species on a field scale is isolation from nearby sources 
of pollen of the same species and variety. 

6.4.1 Onion 

Onion is largely cross-pollinated, but some self-pollination does occur. For 
seed production, isolation of 400-600 m is ne,eded. In PaKistan, onion bulbs 
are planted in October, at a distance of 10 cm in rows 60 cm apart. Two 
tons of bulbs are needed to plant one hectare. The field is irrigated immedi
ately after planting, and' afterwards at intervals of two weeks. Weeds are 
rogued out. The seed is ready for harvest when the first formed seed heads 
begin to shatter. The heads are cut and laid on canvas to dry. Much seed 
falls from the capsules during drying, and the remainder is removed by 
rubbing the heads over a fine sieve. The seed deteriorates under warm, 
humid conditions. Dried seed is stored in airtight containers or in cold 
storage (Hussain and Said 1967; Kernick 1961; Ware and McCollum 1975). 

6.4.2 Cauliflower 

Cauliflower is mainly cross-pollinated. For seed production, varieties must 
be isolated from each other and any other species of Brassica or Oleraceae. 
Poor or diseased plants are rogued from the field meant for seed produc
tion. Flowering branches emerge from the compact heads to set seed. The 
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heads are usually cut b~fore the mature pods dehisce. They are cut about 
45 cm from the ground and piled on canvas to save the shattered seed. The 
seed is dried to 10 percent moisture content for storage (Kernick 1961). 

6.4.3 Cucumber 

Cucumber is partially self and partially cross-pollinated; isolation is needed 
for seed production. Fruits meant for seed are allowed to ripen fully and are 
harvested when they take on a pale-yellow or golden hue with the seeds free 
from the flesh. The seeds are separated from the pulp by fermentation with 
water or are freed mechanically from the gelatinous sac. Sun-dried seed 
retains its viability for several years when it is stored in a cool dry place. 

6.4.4 Okra ('lady's fingers') 

Okra is partially self and partially cross-pollinated. For seed production, 
isolation is needed. Agronomic practices for a seed crop are essentially the 
same as for a market crop. The pods are allowed to dry on the plant, har
vested periodically to avoid shattering of seed, and then sun dried and 
threshed. The seed is dried to 8 percent moisture and stored in a dry cool 
place. Under normal storage conditions, seed remains viable for two years 
or so (Kernick 1961). 

6.4.5 Tomato 

Tomato is normally self-pollinated. For pure seed production, different 
varieties should be isolated. Seeds should be extracted from fruit showing 
definite signs of ripening. Seeds are extracted by pulping the fruit by hand 
and removing the mucilage from the seed by fermentation. In about two 
days, the heavy seed sinks to the bottom leaving clear juice above. The juice 
is strained off and the seed washed thoroughly and sun dried rapidly on 
canvas. Under normal conditions of storage in temperate regions, seed 
retains its viability for almost four years (Kernick 1961). 

6.4.6 Brln)al 

Brinjal is partially self and partially cross-pollinated. For pure seed produc
tion, isolation distances of 500, 200, and 100 m are allowed for nucleus, 
foundation, and certified seed production, respectively. Off-types and unde
sirable plants at different stages of plant growth should be rogued out. For 
seed production, fruit should be harvested. when fully ripe and turning 
yellow. The fruits are cut, crushed, and pulped; and the seeds are separated, 
washed, and sun dried for storage (Kernick 1961; Ware and McCollum 
1975). 

} 
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6.4.7 Spinach 

Spinach is cross-pollinated by wind. The monoecious condition is best for 
seed production, since the need for male plants is eliminated, but this is 
rare. For most varieties a dioecious condition with a 1:1 ratio between male 
and female plants prevails. For seed production, different varieties require 
isolation, and a certain percentage of male plants needs to be retained for 
effective pollination. For seed production, the plants should be allowed to 
grow and set seed after three to four cuttings. The seed ripens unevenly; 
harvesting is best done when most seed is firm, before shattering. Plants are 
gathered in bundles in the field and allowed to dry. Sun-dried seed stored 
in a cool dry place remains viable for two to three years. Spinach can also 
be propagated by cuttings (Hussain and Said 1967; Kernick 1961). 

6.4.8 Peas 

In Pakistan, peas are grown throughout most of the year. Peas are mainly 
self-pollinated and reproduction is through seed. Isolation is not necessary 
for seed production. The plants are usually cut when the first pods are fully 
ripe, and allowed to dry in the field. The mature seeds are immediately 
removed from the pods by threshing to avoid shattering loss. Sun-dried seed 
is stored in a dry place at a low temperature (Hussain and Said 1967; Ker
nick 1961; Ware and McCollum 1975). 

6.4.9 Cucurblts 

Cucurbits are a large group of vegetables iike gourds, pumpkins, cucumbers, 
watermelon, and muskmelon. In Pakistan, karela (bitter gourd), kadu, tinda, 
and kaU-tori are typical vegetables falling in this group. Most of them are 
grown during the summer months; however, some are now being grown 
under plastic, thus extending the period of their availability. The agronomic 
requirements of most of these crops are very similar. 

Crops are raised from seed. They are cross-pollinated by insects, chiefly 
honeybees. The plants are monoecious; both male and female flowers are 
produced separately on the same plant. High temperatures and long days 
keep the plants in the male phase, and short days with low temperatures 
induce the plants to produce female flowers. For seed production, isolation 
is required. Seed is ready for harvest when the fruits are fully ripe, turning 
brown or red. At this stage the seeds readily separate and only immature 
seeds still adhere to the pulp. The fruits are cut and the seeds and pulp 
scooped out and dried in the sun. The seed is separated and winnowed to 
remove light matter and sun dried in trays. The seed stores well for three to 
four ye:lr~ in a cool, dry place (Hussain and Said 1967; Kernick 1961). 
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6.4.10 Potato 

Potatoes are an important crop for local consumption and export. In Paki
stan, we were at fIrst entirely dependent on imported potato seed (tubers). 
However, more recently fairly dependable technology has been developed 
locally to produce disease-free seed. Seed is used in the lay sense here; it is 
the tuber which regularly serves as the propagating unit. Plants grown from 
true potato seed are only recently becoming available. Three crops are sown 
in a year and enough seed is available to 'n~::t requirements to a large 
extent. However, we are still not self-sufficient in this respect. 

In the plains, the spring crop is sown during the month of January with 
seed either from a sub-mountainous crop or imported. The autumn crop is 
sown from the middle of September to the middle of October. Seed require
ments for this crop are met from the spring crop or seed kept in cold stor
age from the previous autumn crop. The sub-mountainous crop is raised 
during April-May. Tubers are dormaQt for about three months after maturi
ty and normally will not sprout unless treated to break dormancy. To reduce 
sowing costs, a medium-sized tuber is cut into four to six pieces, each piece 
bearing one or more eyes. The cut pieces can be dipped in potassium gib
berelate (1-2 ppm) for improved results. 

Studies have been done on the production and multiplication of disease
free basic seed at higher elevations. Seed produced at an altitude of 2000-
2600 m has performed well in the plains under varied agro-climatic condi
tions. Use of this seed material gives 50-60 percent more yield than seed 
procured from private growers in the plains. An autumn-to-autumn cycle of 
seed multiplication, being practiced in Punjab, has been found relatively 
good for keeping virus content low. The aphid-free period in autumn is good 
for seed production. Basic seed production at higher elevations can be used 
for an autumn-to-autumn cycle to minimize depender.ce on imported stock 
(Hussain and Said 1967; Kernick 1961; Ware and McCollum 1975). 

6.5 Propagation of ornamental plant species 

In Pakistan, landscaping and raising ornamental flowering shrubs, trees, and 
annuals for beautification of the environment and as means of earning a 
livelihood has not received the attention it deserves. These activities remain 
limited to public parks, compounds of government institutions, and the four 
walls of some villas. It is a matter of great sutisfaction, however, that the 
agricultural universities, provincial departments of agriculture, and several 
horticultural societies in the country have finally been able to show the way 
by providing teaching, research, and training facilities, and by creating 
general awareness and interest in this important aspect of horticulture. The 
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demand for quality seed of annuals, shrubs, rose bushes, bulbs, and succu

lent species, ornamental flowering trees, and house plants has registered 

considerable increase during recent years. It is encouraging that ornamental 

plant species can be reproduced readily by easy methods of propagation to 

meet the ever-increasing demand within the country and for foreign mar

kets. 
The following is a brief account of several methods of propagation 

usually; employed in the multiplication of floricultural plants. They are 

essentially the same as used in the reproduction of fruit species. 

6.5.1 Seeding 

All annuals and biennials, most perennials, and some ornamental shrubs and 

trees are reproduced through seed. Winter annuals are sown in autumn, 

transplanted in November and December, and flower in the subsequent 

spring season. The seeds of summer annuals are sown in spring, the seed

lings are transplanted in April-May, and the plants flower during the sum

mer and autumn months. By staggering sowing and transplanting, the avail

ability of blooms can be extended over a long period. To avoid damage to 

seedlings from rain and bad weather, seeds can be sown in earthen pots or 

wooden flats with drainage holes. In a nursery where a large population is 

required, seed is sown in well-prepared beds of convenient sizes. Seed 

should always be sown evenly and thinly to avoid overcrowding and associat

ed problems such as damping-off of seedlings. Fine seed like that of begonia 

and pansy should be mixed with a little sand to facilitate even spreading. 

Very fine seeds should scarcely be covered; they are spread over the soil 

surface and firmed in with the palm of the hand or a wooden presser. 

Seeds with hard coats like sweet peas benefit from a 24-hour soaking 

in warm water, and germinate evenly and quickly. Seeds of most species are 

sownat a depth twice their diameter. They are covered with a thin layer of 

well-decomposed leaf mold. Covering or mUlching by straw, paper, or poly

thene is helpful in avoiding excessive evaporation and damage to the seed 

by rodents and birds. The pots or beds should be kept moist, but overwater

ing, should be avoided since it causes the seed to rot. The seedlings are 

tended for four to six weeks before they are transplanted. During summer, 

transplanting should be done in the evening and followed by watering. 

6.5.2 Division 

A number of herbaceous perennials, such as polyanthus and Michaelmas 

daisies, form clumps. These can be lifted and eased apart to form either 

smaller clumps or separate plants. 
Rhubarb and peonies are two plants which develop a fleshy crown just 

below the soil level. These crowns can be cut into pieces to forII} new plants, 
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provided each piece has at least one bud and some roots. In a similar way, 
rhizomes like those of bearded iris and lily, and tubers such as those of 
dahlia and begonia can be cut into pieces. Both rhizomes and tubers are 
types of underground stems which possess leaves, buds, and roots. It follows, 
therefore, that any section cut to include all these parts should be capable 
of forming a new plant. 

Some plants produce offsets, small new plants which grow out from the 
parent and can be separated as independent plants. A number of house 
plants such as sansevieria, aechroea, and some cacti produce offsets, as do 
garden plants like globe artichoke. Offsets should never be separated from 
the parent plant until they are at least a year old, if success is to be guaran
teed. The parent plant should then continue to grow well and produce 
further offsets. 

'Suckers are very similar to offsets, but the word generally refers to 
shoots thrown up from buds on the roots of woody plants. Lilac, Rhus 
typhina (stag's horn sumac), Kerria japonica, 'and raspberry all produce 
suckers which can be dug up and separated from the parent plant by cutting 
with secateurs through the root close to the base of the shoot. 

In general, plants should be divided .in the spring or autumn, and the 
plantlets should be planted out or potted up immediately. 

6.5.3 Cuttlngs 

Shrubs and flowering trees are mostly propagated through soft or hard-wood 
cuttings. Roses are multiplied by cuttings and by budding. The techniques 
are essentially the same as employed in the vegetative propagation of fruit 
trees, hence the details of these methods are not repeated here. 

Some annuals, shrubs, and trees propagated by the methods discussed 
above are listed here (Garner and Chaudhri 1976; Yusuf 1989). 

6.5.4 Common plants propagated by various means 

SEASONAL ANNUALS AND BIENNIALS - reproduced through seed 

Acroclinum Ageratum Alyssum 
Anchusa Antirrhinum Arctotis 
Aster Calendula Candy tuft 
Centaurea Chrysanthemum Cineraria 
Clarkia Clianth\ls Cornflower 
Daisy Dimorphotheca Echium 
Gaillardia Gazania Godetia 
Gomolopsis Gypsophila Helichrysum 
Linaria Larkspur Linum 
Lobelia Marigold Mimulus 
Nasturtium Nemesia Nicotiana 
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Nigela 
Phlox 
Schizanthus 
Sweet WilIiam 
Wallflower 

HERBACEOUSPERENNUUS 

Begonia 
Lupines 
Carnation 
Dahlia 
Coleus 

Pansy 
Poppy 
Statice 
Sweet Sultan 

Geranium 
Pelargonium 
Chrysanthemum 
Gladiolus 

Petunia 
Salvia 
Stock 
Verbena 

Gerbera (single) 
Violet 
Salvia 
Hollyhock 

BULBOUS PlANTS 

Allium 
Zantedeschia 
Dahlia 

- propagated by bulbs, corms, rhizomes 

Iris (bearded) 
Ranunculus 
Tuberose 
Gladiolus 

Amaryllis Anemone 
Narcissi (Daffodil) Hyacinth 
UlIium (Easter lily) Freesia 
Iris (Dutch) Oxalis 
Sparaxis Tulip 
Crocus Canna 
Muscari 

SUCCULENT.; INCLUDING CACTI - propagated by seeds and division 

Cereus Mammillaria 
Liliaceae Aloe 
Haworthia Yucca 
Echinocactus, Echinopsis Euphorbia 
Kalanchoe Echevieria group 
Epiphyllum 

Agave 
Gasteria 
Sansevieria, etc. 
Crassula 
Opuntia 

HOUSE PlANTS AND EVERGREENS - propagated by seeds, division, and cuttings 

Ferns Palms Dracacna 
Ficus Monstera Philodendron 
Araucaria Juniper, etc. Ivies 
Vines Croton Maranta 
Monstera Sansevieria Tradescantia 

CLIMBERS AND CREEPERS - propagated by cutting and layering 

Aristolochia macrophylla Bougainvillea Clematis 
Common ivy Chamba Passion flower 
Tecoma grrmdiflora Thunbergia alata WISteria sinensis 
several varieties of roses Antigona indica 

SHRUBS - mainly propagated by cuttings, occasionally by seed 

Abelia Tecoma stans Buddleia altemifolia 
Azaleas Camellia Queen of the Night 
Jerusalem thorn Nerium Bottlebrush 
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Jasmine 
Prunus chealsweeping 
Ashoka 
Poinciana pulche"ima 

STUDY QUESTIONS 

1. Define stratification. 

Magnolia 
Roses 
Poinsettia 

Motia 
Weeping willow 
Hibiscus 

2. Why are certain seeds subjected to low temperatures before sowing? 

3. What is the proper time to layer plants? 

4. What is the difference between air layering and ground layering? 

5. Explain division, and name some plants which are propagated by divi
sion. 

6. What is a hard-wood cutting? 

7. Name some fruit trees which are readily propagated by cuttings. 

8. When are h~rd-wood cuttings usually planted? 

9. What are the best media in which to plant soft-wood and hard-wood 
cuttings? 

10. What are the advantages of propagating fruit trees from cuttings? 

11. Explain budding and grafting. What is the difference between them? 

12. Name the objectives of grafting. 

13. Define stock, scion, and cambium layer. 

14. Describe the selection and care of scion wood for grafting. 

15. What is the proper time for grafting evergreen and deciduous plant spe
cies? 

16. Distinguish between cleft grafting, veneer grafting, and bark grafting. 

17. Explain the method of inarching. 

18. Give a brief account of the factors which determine success in grafting. 

19. Define the term incompatibility as used in grafting fruit trees. 

20. Give details of the chief method of reproduction of vegetable crops. 
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7. PLANT ENVIRONMENTS 

Iqrar Ahmad Khan 1 

LEARNING OBJECTIVES 

The fate of il crop in a field situation is determined by the environmental 
factors which affect it. This chapter should enable a student to: 
• Describe the major climatic regions of Pakistan 
• Select crops suitable to a specific given set of environmental factors 
• Suggest practicable means of controlling the environmental impact of 

light, temperature, humidity, water supply, air quality, soil, plant-to
plant interaction and competition, insect pests, and diseases 

7.1 Light 

Sunlight is the ultimate source of energy on the earth. Green plants convert 
solar energy into chemical energy by photosynthesis. The stored chemical 
energy of plants is utilized in different forms by non-photosynthetic organ
isms. In addition to photosynthesis, light affects other plant proce~ses includ
ing seed germination, vegetative and reproductive growth, and plant mor
phology. To understand the effects of light, it is necessary to present some 
basic terminology and definitions. 

Physicists describe the movement of light in terms of both wave motion 
and of discrete particles, but for most practical purposes, the wave descrip
tion is used. Wavelength is the distance between successive crests or troughs 
of a wave, and frequency is the number of crests passing a given point in a 
unit of time. Frequency and wavelength are inversely related: the higher the 
frequency the shorter the wavelength, and conversely. 

Shorter waves are emitted at a higher frequency and have higher energy, 
while longer wavelengths have a lower frequency and lower energy level. 
Visible light is the portion of the electromagnetic spectrum ·to which the 
human eye is sensitive. It ranges between 380 and 760 nm, and the sensitivity 
response peaks at 555 nm. Photosynthetically active radiation (PAR) also 
lies within the visible portion of the light spectrum but peaks in different 

1 Associate Prof~ssor. Department of HortIculture. UniversJl~ 0/ Agm:ulturc. Falsalabad. 
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ranges. Figure 7.1 depicts the spectrum of solar radiation, also called the 
electromagnetic spectrum. About 50 percent of the total radiation received 
on the earth is in the visible wavelengths. The air acts as a filter which 
admits the visible waves and restricts the penetration of high-energy waves. 
This is discussed in section "i.4 on air. 

7 .1.1 Ught measurements 

Radiant energy is measured and expressed variously. A light meter used to 
determine the proper exposure time for photography is familiar to all of us. 
A foot-candle (ft-c) is defined as the illuminance from a standard candle re
ceived on a one-foot square surface one foot from the candle. This has been 
replaced by a more reproducible reference unit, called one lumen (lm) per 
square foot. The metric unit of light is the lux (Ix), which is defined as one 
lumen per square meter. Thus, one ft-c equals 10.76 lux. A few examples 
from everyday life are: full sunlight at noon in summer is about 10,000 ft-c 
or 108,000 lux; full moonlight is about 1/50 ft-c. About 20 ft-c is considered 
adequate for r~ading; a 40W florescent tube emits about 25 lux. 

The ft-c and lux have been widely used by researchers because of the 
simplicity and availability of low-cost measuring instruments. The trend in 
agricultural research is to express radi~nt energy in terms of PAR, which is 
the part of the spectrum primarily absorbed by chlorophyll molecules. It is 
measured by sensitive instruments and expressed in ffiicro-einsteins per 
square meter per second (!lE m-2 sec-I) in the wavelength range of 
400-700 nm. An einstein (E) is the energy in one mole, or Avogadro's 
number (6.02 x 1023) of photons. In Pakistan, we are fortunate to have 
ample sunshine throughout the year. Light is never considered to be a 
limiting factor in the cultivation of horticultural crops in this country. 

7.1.2 Plant responses to light 

Photosynthesis and photomorphogenesis are the two major categories of 
plant responses to light. Chlorophyll a and b molecules present in the green 
pigmented plant parts are responsible for photosynthesis; whereas phyto
chrome, a photoreceptive pigment ubiquitously present in all plant parts, is 
involved in photomorphogenesis. Phytochrome has two forms, which have 
different absorption peaks and are photo-reversible. The red-absorbing form 
(Pr) has an absorption peak at 660 nm and is readily converted to the far
red-absorbing form (Pfr) with an absorption peak at 730 nm. 

Photosynthesis is discussed in detail in Chapter 3. A brief description 
of important photomorphogenic responses is given here. 

1. Photoperiodism. Photoperiodism is the developmental response of 
plants to the relative lengths of light and dark periods. Flowering, tuber and 
bulb formation, and dormancy/rest periods are important developmental 
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Photoperiod/daylength varies with latitude (Fig. 7.2). 

A. FLOWERING: Three distinct responses are known: short-day,long-day, 
and day-neutral plants. 

Short,-day plants flower only when the daylength is less than the critical 
length, which varies among species and varieties. The plant remains in a 
vegetative state if the days are longer than the critical length. Some common 
short-day plants are chrysanthemum, poinsettia, and soybean. 

Long-day plants flower only when days are longer than the critical 
daylength. Some long-day plants are spinach, beets, and radishes. 
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Day-neutral plants will flower 
with any daylength, provided the 
plant is otherwise ready to repro
duce. Some species flower after a 
certain number of nodes have 
developed on the stem regardless 
of the light conditions. Common 
examples of day-neutral plants are 
tomato, dandelion, rose, and Afri
can violet. 
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These definitions must be 
understood precisely. A short-day 
plant is not necessarily one which 
requires a shorter daylength than 
long-day plants. In fact, a short-day 
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flowers below a critical daylengtb. Figure 7.2 As latitude increases, annual 
Similarly, for flowering a long-day variation in day length increases dramatically. 

plant requires a photoperiod longer 
than the critical daylength. Also, it must be noted that most light-sensitive 
plants will ultimately flower even if not provided the right kind of photoperi
od; however, this will occur after a prolonged period of time. It has been 
shown through grafting experiments that if bark from a plant induced to 

, flower is grafted to an uninduced plant, the latter will also be induced to 
flower. Such experiments have led to the hypothesis of a ilowering hormone 
or ftorigen. This means that flowering plants responding to external as well 
as internal stimuli produce endogenous compounds responsible for the 
induction of flowering (Halfacre and Barden 1979:263-64). 

B. TUBER AND BULB FORMATlON: Flowering, tuberization, and bulb forma
tion have evolved for a common function, i.e. reproduction and survival 
during times which are unfavorable for growth. Bulbs and tubers are storage 
organs which start development when they receive a light stimulus. Most 
potato cultivars form tubers under short-day conditions; tuber formation can 
be stopped by providing light during the night, thus disrupting the short-day 
conditions. Interestingly, the potato is a long-day plant for flowering purpos
es. Both of the processes have their own evolutionary significance. The 
formation of onion bulbs requires long photoperiods, ranging from 12-15 
hours depending upon the cultivar. Both bulb formation and flowering are 
long-day responses in onion. 
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C. BUD DORMANCY: The induction of dormancy of vegetative buds or the 
rest period in deciduous trees is directly related to the shortening of days 
during late summer and before the onset of cold winter weather. As the days 
lengthen in spring, dormancy is broken and fresh growth begins. This is a 
protective mechanism which tides the plant over adverse weather conditions. 
Otherwise, growth might begin in the middle of winter during unseasonal 
warm weather, and be killed later by the resumption of cold weather. In 
most deciduous trees, this is controlled precisely by the number of hours of 
cold after which dormancy will break, technically referred to as chilling 
requirement (Halfacre and Barden 1979:265-66) (See also 7.2.4 on tempera
ture). 

7.1.3 Seed germination 

The seeds of some plants will not germinate without exposure to light. Many 
weeds have this property and germinate only when near the soil surface or 
where the soil has been disturbed; this gives them an advantage over other 
plants; since their seeds germinate under conditions conducive to their 
survival and growth. Lettuce is a well-known example of this characteristic. 
If lettuce seeds absorb water in the dark, only a few will germinate. Inhe 
seeds are exposed to red light (660 nm) after absorbing water, germination 
will be nearly 1'00 percent. If, however, they are then exposed to far-red 
light (730 nm), the stimulatory effect of the exposure to red light is reversed. 
Germination of certain species, e.g. the American elm and some cucurbits, 
is inhibited by light; and the seeds of many plants are unresponsive to the 
presence or absence of light (Halfacre and Barden 1979:269). 

7.1.4 Phototropism 

Plants generally bend in the direction of the most intense light, since the 
bending of the plant causes it to receive light more evenly on all sides. This 
response is called (positive) phototropism. Shoots and roots have positive 
and negative phototropism, respectively. Polarity for the phototropic re
sponse is at the molecular level and can be found even in embryonic tissues 
of the radicle and plumule. 

7.1.5 Transpiration 

Transpiration-loss of water vapor through the stomates-is an important 
plant function which controls uptake and distribution of water, minerals, and 
gases. Light affects transpiration both directly and indirectly. In most plants 
the stomates open in the light and close in the dark, so stomatal transpira
tion depends directly upon light. However, some of the succulents, such as 
cacti, open their stomates at night and close them during the day, thus 
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reducing water loss. In these plants, the CO2-fixing mechanism is differ~nt 
from that in other plants; most of the CO2 fixation takes place in the dark, 
and it is mostly in the form of organic acids. This is called the crassulacean
type metabolism because it is common in the Crassulaceae and other succu
lents. 

Light affects transpiration indirectly by determining leaf temperature. 
Leaves efficiently absorb photosynthetically active radiation but tend to 
transmit and reflect much of the infrared wavelengths which would have 
strong heating effects. However, of the light energy absorbed, only a fraction 
is used in photosynthesis; much is converted to heat and re-radiated or dissi
pated by conduction, convection, or transpirational cooling (Halfacre and 
Barden 1979:271-72). 

7.2 Temperature 

The narrow range of temperature in which plants can grow makes tempera
ture one of the most limiting factors in crop cultivation. The optimum 
temperature for growth of most horticultural plants lies between 15° and 
35°C. The tolerance limits for maximum and minimum temperature vary 
with species. Tomatoes, :or example, cannot withstand freezing tempera
tures, whereas a hardened apple tree will not be harmed at -35°C. Tropical 
plants like bananas will suffer chilling injury at 4°C. The dramatic increase 
in the production of vegetables and bananas in the frost-free zone of lower 
Sindh is a vivid example of the exploitation of plant-temperatl:lre relations. 

The temperature of a substance may be defined as a measure of the 
relative speed with which its molecules are vibrating. All vibrations cease at 
absolute zero (-273°C). Temperature reflects the intensity of heat, which is 
a qualitative indicator without any regard for the quantity of heat present in 
a body of matter. It is necessary to discuss a few important aspects of heat 
energy at this point. 

7.2.1 Heat 

Heat is a form of energy that causes an increase in the temperature of 
matter when transferred into it. A Cot 'esponding reduction in temperature 
takes place when heat is removed, provided the matter does not change 
states during the process of heat transfer. The changes of state of ice to 
water, or water to water vapor involve the transfer of heat without a change 
in temperature. 

The number of calories of heat required to change the temperature of 
1 g of a substance by 1°C is called specific heat. Specific heats for a few 
common substances are given in table 7.1. 
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Table 7.1 Specific heat, heat of fusion, and heat of vaporization of some 
common substances 

Sp. heat Heat 01 Ins. Heat 01 yap. 
Substance (cal/grC) (cal/g) (cal/g) 

Water 1.00 80.00 540 
Ice 0.50 
Steam 
Alcohol (ethyl) 
Wood 

0.48 
0.58 
0.42 

Glass 0.20 
Steel 0.11 

25 

Oxygen 3.3 

Source: Halfacre and Barden 1979:168. 

204 

51 

Substances with a high specific heat undergo a relatively small change in 
temperature in response to a given amount of heat e'nergy. Because of its 
high specific heat, water has a strong modifying effect on temperature 
change. This has great significance for plants, especially for frost protection. 

The amount of heat absorbed in changing 1 g of a substance at its 
melting point from the solid to the liquid state, or released when the sub
stance changes from the liquid to the solid state is its heat of fusion. To 
change 1 g of a substance at its boiling point from the liquid tn the vapor 
state, the heat requirement is called the heat of vaporization. Like specific 
heat, the heat of fusion and heat of vaporization of water are very high 
compared to those of other substances (Table 7.1). 

7.2.2 Temperature measurement 

The freezing point of water is O°C, and its boiling point is 100°C on the 
Celsius (centigrade/metric) scale. On the Fahrenheit scale, the freezing point 
is 32° and the boiling point 212°. The Kelvin absolute temperature scale 
begins at absolute zero, at which point matter contains no heat energy. It is 
equivalent to -273°C or -460.4°F. Ice melts at 273°K and water boils at 
373°K. The following equations can be used to convert temperatures from 
one scale to another. 

OF 
°C 
OK 

°C 

= 
= 
= 
= 

(9/5 0c) + 32 
5/9 (OF - 32) 
°C + 273 
OK - 273 
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7.2.3 Factors Influencing temperature 

1. Solar radiation. Our main source of heat is the sun. The sun is located 
at a mean distance of 1.5 x 108 km from the earth, and has a diameter of 
1.4 x 106 km, which is about 100 times that of the earth. Its estimated 
surface temperature is about 6,OOO°C, and it is constantly radiating energy 
in all directions. The minute fraction of the sun's radiation which reaches 
the earth and its atmosphere is enough to sustain all life. Of the incoming 
solar energy striking the outer atmosphere, 10% is ultraviolet, 40% visible, 
and 50% infrared radiation. Most of the DV radiation is absorbed by the 
ozone layer in the upper atmosphere. Living organisms cannot withstand 
large amounts of UV radiation. Water vapor and CO2 absorb part of the 
infrared radiation. Smoke, dust particles, and water droplets in the atmo
sphere scatter light of differing wavelengths, depending on their size and 
concentration. It is estimated that 34% of the solar radiation received by 
earth is reflected back to space by atmospheric clouds, 19% is absorbed by 
the atmosphere, and 47% reaches the earth directly or as diffused radiation. 

2. Latitude. In general, temperature increases with decreasing latitude 
(Tabl~ 7.2). These temperature differences are caused by differences in the 
amount of radiation received from the sun (insolation). The earth's axis of 
rotation is tilted at an angle of 23Y2° to its plane of rotation around the sun. 
At any given time, only half of the earth is illuminated, and the portion 
illuminated is continually changing. At the spring and fall equinoxes, (March 
21 and September 21, respectively), sunlight reaches the entire earth from 
the North to the South Pole. Thus, all points on the earth have 12 hours of 
daylight and 12 hours of darkness. However, at all other times of the year 
insolation striking the earth's surface varies with latitude. 

Table 7.2 Temperatures (0C) at five latitudes in the northern hemisphere 
Mean Mean Range 

North latitude Mean annual January July January-July 
90° -26 -41 -1 40° 
60° 3° -16° 14° 30° 
30° 18° 14° 27° 13° 
10° 26° 26° 27° 1° 
0° 26° 27° 26° 1° 

Source: Halfacre and Barden 1979. 

The more vertical the sun's rays, the greater will be the concentration 
of energy per unit area. Thus the intensity of solar energy reaching the earth 
at the equator, where the sun strikes the earth at an angle of 90°, is greater 
than at the poles, where the sun's rays strike the earth at a very small angle. 
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As one moves away from the equator, the same amount of ra4iant energy 
is spread over an increasing surface area. As the angle of incidence decreas
es, the same amount of radiant energy is received by an increasing area, and 
consequently its intensity is decreased. You can visualize this by shining a 
flashlight on a dark wall at an angle of 90° and then tilting the flashlight to 
decrease the angle at which the light strikes the wall. Also, as the angle of 
the sun decreases, the depth of atmosphere through which its rays must pass 
increases. At 90°, the depth is 1 atmosphere; at 60° it is 1.2 atmospheres; at 
30°, 2.0 atmospheres; and at 10°, 5.7 atmospheres. As the depth of the 
atmosphere through which it must pass increases, the amount of sola, energy 
reaching the earth decreases because of increased absorption, reflection, and 
scattering by the atmosphere. The difference in the intensity of sunlight in 
the! early morning and at noon is a result of these factors. Within Pakistan, 
however, latitude effects on temperature are negligible. 

3. Season. Seasonal effects on temperature are closely related to lati
tude. When one moves away from the equator, temperatures not only 
decline but vary more between summer and winter. These seasonal effects 
result largely from the tilt of the earth's axis with respect to its plane of 
rotation and daylength '(Table 7.3). At the equator, daylength is 12 h during 
the entire year, and solar angle is always relatively close to 90°. 

Table 7.3 Effects of latitude and ~eason on daylength 
Daylength at equinoxes and solstices 

Latitude March 21 June 21 September 21 December 21 
0° 12 h 12 h 12 h 12 h 
10° 12 h 12 h 35 min 12 h 11 h 25 min 
20° 12 h 13 h 12 min 12 h 10 h 48 min 
30° 12 h 13 h 56 min 12 h lOh4min 
40° 12 h 14 h 52 min 12 h 9h8min 
50° 12 h 16 h 18 min 12 h 7 h 42 min 
60° 12 h 1 month 12 h OhOmin 
80° 12 h 4 months 12 h OhOmin 
90° 12 h 6 months 12 h OhOmin 
Source: Adapted from HaI~~cre and Barden 1979:182. 

As distan~ from the equator increases, summer daylength increases and 
winter daylength decreases. Therefore,oin spite of the low solar angle, areas 
at higher latitudes receive a moderately high amount of solar energy during 
summer. The average temperature difference between 0° and 900 N latitude 
in July is 27°C (Table 7.2). During winter, however, far northern latitudes 
have not only very low solar angles but very short days as well. Thus the 
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mean temperature difference in January between 0° and 900 N latitude is 
68°C, much greater than that in JUly. 

All of Pakistan lies between 25°N and 35°N. Average monthly tempera
tures in the plains of Punjab are graphed in Fig. 7.3. 
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Figure 7.3 Average monthly temperatures, Punjab (1980-8). Source: Department of 
Meteorology, University of Agriculture, Faisalabad. 

4. Elevation. Atmospheric heat is received directly from the earth's 
surface and only indirectly from the sun. The lower tropospheric air contains 
more water vapor and dust, therefore absorbs more terrestrial radiation, 
leading to higher temperatures at lower altitudes. Temperature decreases 
with elevation; for each 100 m increment in eJevation, mean temperatures 
decline about 0.6°C. A zone of permanent snow exists above 4500 m in the 
tropics and above 3000 m in the temperate zones. 

The effe((,t of elevation on temperature depends on the balance between 
incoming and oU1;gc;>ing radiation. The most important factor is atmospheric 
water vapor and its effect on radiation. Approximately half of the total water 
vapor in the atmosphere Is-in the lower 1800 m.; thus the lower 0.2% of the 
atmosphere contains more than 50% of its total water vapour. Since water 
vapor slows radiation of heat away from the earth more than it blocks 
incoming solar radiation, atmospheric water vapor has a major impact on 
temperature at the surface of the earth. Although a site at 1500 m receives 
somewhat more solar radiation than one at sea level, since there is much 
less water vapor in the air at the higher elevation, the rate of radiant heat 
loss is much greater and the effect is a lower temperature at the higher 
elevation (Halfacre and Barden 1979:183). 

Pakistan is a land of contrasts, starting from sea level and rising to the 
highest mountain peaks. The influence of elevation on temperature plays a 
tremendous role in the different agro-ecological zones and the horticultural 
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crops grown in specific areas of the country. For llQnual crops like vegeta
bles and seasonal flowers, the mean and extreme temperature values and the 
length of the growing season are important. Perennial plants like fruit trees 
and ornamental shrubs are affected by temperature during the whole year, 
and frost is a critical component. 

S. Time of day. The temperature at any given time depends on the 
balance between incoming and outgoing heat. Plotting the energy received 
from the sun and that lost by the earth in relation to temperature shows that 
maximum temperatures occur not at the time of maximum insolation but 
rather when insolation has declined to where it equals radiational heat loss. 
Mmmum daily temperatures occur in mid-afternoon, well past solar noon, 
and the daily minimum occurs just before sunrise. For the same reasons, 
annual maximum temperatures in the Northern Hemisphere occur in late 
July and August, well after the time of maximum solar radiation; and the 
annual minimum occurs in late winter, well after the period of minimal 
insolatiod. This relationship is called the tag effect (Halfacre and Barden 
1979: 183-85). 

AIR TEMPERAroRE CHANGES DURING THE DAY AND NIGHT: During the day, 
radiation from the sun passes through the atmosphere and is absorbed by 
solid surfaces on the earth's surface. Much of this energy is converted to 
heat, which raises the surface temperature of the earth. Soon after sunrise, 
the temperature of surfaces exposed to the sun becomes greater than adja
cent air temperature and heat begins to be transmitted to the air by conduc
tion. As the air near the surface of the earth warms up, convection currents 
gradually begin, and heat is moved upward. As the day progresses, however, 
the warmest air is close to the ground and temperature declines with in
creasing distance from the earth's surface. After sunset, the earth no longer 
receives solar radiation, but radiation of heat from the earth continues. Thus 
the temperature of many exposed surfaces falls below that of the adjacent 
air. This effect is particularly important with efficient radiating surfaces like 
leaves, which have a large surface area in relation to their volume. As the 
surface of a leaf becomes cooler than the surrounding air, heat is conducted 
from the air to the leaf, the reverse of the heat flow during the day. 

TEMPERATURE INVERSIONS: As the nighttime pattern of conduction con
tinues, the air near the ground becomes cooler than the air above it. Since 
the cool air is denser than the warm air above it, no convection currents are 
formed and a temperature inversion results; that is, an inversion of the 
normal daytime situation. Maximum nighttime radiant heat loss occurs when 
there are long nights, clear skies, cool dry air, and calm conditions. Since 
clouds block heat loss, temperatures drop much more slowly on doudy 
nights. High humidity also restricts heat loss as can be seen by comparing 
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the rapid cooling at night in dry areas like the ThaI Desert with the hot 
nights in humid areas like the irrigated areas of Punjab. 

6. Topographic factors. Proximity to large bodies of water has a pro
found effect on temperature patterns. Since water has a higher specific heat 
and higher thermal conductivity than soil, it absorbs heat to much deeper 
levels and warms and cools more slowly than soil. Temperatures vary less 
over oceans and other large bodies of water than over continents. The 
moderating effect of oceans and other large bodies of water on climate is 
called the oceanic etTect. The differences between the yearly temperature 
patterns of Karachi and of Multan are largely a result of the oceanic effect. 

Slope. The direction in which a slope faces affects its temperature. In 
general, angles of the slopes being equal, a south slope is warmest, followed 
by west, east, and north slopes. These temperature differences are the result 
of differences in the amount of solar radiation received by the soil. South 
slopes receive the most radiation because they are exposed to sunlight 
almost all day, even in winter when thl" sun is low in the sky. A west slope 
tends to be warmer than an east slope because it is warmed by the sun all 
morning. This difference is particularly marked in soil temperature, and thus 
low-growing crops, such as strawberries, C\re more affected than apple trees, 
which are more influenced by air rtemp,erature (Halfacre and Barden 
1979:187). Horticulturists should keep slope effects in mind when selecting 
sites for relatively tender low-growing crops. 

Air drainage. During the night the air near the ground is colder and 
therefore denser than the warm air above. Because it is denser, cold air 
flows downhill and collects in low areas from which it cannot drain, an effect 
called cold-air drainage. This leads to the formation of frost pockets, or 
depressions which colle~t cold air; the slope itself remains a relatively warm 
area, or thermal belt. 

Plants in frost pockets are in most danger of freeze damage. Therefore, 
in selecting planting sites the location of the site to be planted in relation to 
the area into which cold air will drain should be kept in mind. Crops suscep
tible to freeze damage should be planted on sites which have good air drain" 
age. Thus apple growers often plant orchards on hillsides with less than ideal 
soil, just to have good elevation and asscciated air drainage. Early-blossom
ing cultivars may be planted at the top of a slope, and later-blossoming 
varieties at the lower levelS'. The size of the area into which cold air drains 
is also important. The sides of a narrow valley are less desirable than the 
sides of a hill which rises up from a relatively large area into which cold air 
can drain (Halfacre and Barden 1979:187-88). 

7. Soils. Different types of soil warm up at different rates in the spring. 
The rate of warming is determined by several factors, including colour, 
density, rate of heat conduction, air space, and water-holding capacity- the 
most important factor. Sandy soils with low water-holding capacity tend to 
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warm up flfSt in the spring and are often called early soils. Organic soils 
tend to warm up slowly and are thus classed as late soils. Loam, silt, and 
clay soils fall somewhere between sandy and organic soils, depending on the 
factors listed above. 

7.2.4 Temperature relations of plants 

The term cardinal temperatures designates several critical temperatures for 
plants. It includes the optimum temperature, at which a plant functions best; 
the minimum temperature, below which a plant cannot grow; and the maxi
mum temperature, above which the plant cannot grow. Cardinal tempera
tures vary greatly among species according to their origin and adaptability. 
To describe tolerance for minimum temperature, plants are categorized as 
hardy, half-hardy, and tender. 

Hardy plants can withstand minimum temperatures of -4 to -2°C. 
Peas, spinach, turnips, and cabbage are hardy plants. 

Half-hardy crops can survive minimum temperatures of -1 to O°C. 
Some half-hardy plants are carrots, beets, and lettuce. 

Tender crops cannot tolerate O°C. Beans, corn, squashes, melons, cu
cumbers, and tomatoes fall in this category. These crops need a frost
free growing season or frost protection. 

A second classification involves the optimum growing season tempera
tures. There are two classes: cool-season and warm-season crops. The 
optimum temperature for cool-season crops is 18-24°C. Warm-season crops 
like temperatures of 25-35°C. Vegetable crops and annual flowering plants 
are traditionally classified as summer and winter groups according to their 
temperature requirements (Halfacre and Barden 1979:191). However, most 
of the winter crops of the plains are grown at higher elevations during the 
summer months. Trees are classified as temperate, tropical, and subtropi
cal/semi-tropical according to their sensitivity and temperature requirements. 

However, some crops can be grown in areas not normally ideal for them 
by sel~ting special strains and using management practices to cope with 
unfavorable weather and temperature conditions. Greenhouses are used for 
controlled temperature production of high-value ornamental and vegetable 
crops. Shading and mulching can be used to avoid injury from extreme 
temperatures. With perennial plants, artificial control of temperature has 
limited scope. 

Length of growing season and degree days. The suitability of an area 
for any crop is determined by the length of its growing season. The oldest 
and simplest method of calculating the length of the growing season is the 
average number of consecutive frost-free days. This varies from 100-120 
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days in the Northern Areas, and keeps increasing progressively toward the 
lower parts of the country to almost 365 days a year in the lower tropi
caVcoastal regions of Sindh. Elevation and proximity to large bodies of water 
will have marked influence on the occurrence of frost. 

The length of the growing season determines what cannot be grown, but 
does not tell us what can be grown. For example, even though the growing 
season is long enough, the production of certain tender vegetables is not 
possible if the temperatures are· not sufficiently warm. The concept of degree 
days is a means of correlating temperature with crop development. The 
calculation of degree days is a method of temperature summation which can 
be used to predict successive planting and maturation dates. 

Degree days are calculated as foUows. For each crop, a base (threshold) 
temperature is determined below which crop growth and development is 
minimal. For each day of the year, this base temperature (in oF) is subtract
ed from the maximum for that day. For example, with pea the base tempera
ture is 40°F (4.4°C), so for a day with a maximum of 50°F (10°C), 10 degree 
days would be accumulated. If the daily maximum is lower than the base 
temperature, no degree days are accumulated or subtracted. Peas require an 
average of 2000 degree days. For warm-season crops, the base temperature 
would obviously be higher th~_ 40°F. 

Degree-day calculations yield approximations, as they do not consider 
the non-linear responses of plants to temperature as well as the effects of 
other important factors like latitude, illumination, daylength, nutrition, 
water, and disease and insect problems (Halfacre and Barden 1979:193). 

Freezes and frosts. There are two types of freeze. Radiational freeze 
occurs with calm conditions, radiational cooling, and temperature inversion. 
Its severity is directly dependent on radiant heat loss through temperature 
inversions. Advective freezing occurs as a result of the entry of a large cold 
air mass. During wintertime in the mi~ to high latitudes of the temperate 
zone, large, dry cold air masses move southward from the circumpolar 
regions causing sudden and drastic temperature drops. No temperature 
inversion is present; heat is lost directly to the cold air by conduction, and 
freeze damage may occur. 

The termsj'reeze and frost are often not discriminated; however, horti
culturists often use the words frost and freeze for radiational and advective 
freeze, respectively. Thus, frost refers to temperatures of ooe or below 
associated with a temperature inversion. A white frost occurs where the dew 
point (temperature at which relative humidity reaches 100 percent) is above 
the minimum temperature and is obvious from the deposit of ice or frest 
(frozen dew) on exposed surfaces. A black frost results when the dew point 
is below the minimum temperature. The visible indication of cold injury -is 
blackening of tender plants. 
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Other forms of low-temperature injury include chilling injury, desicca
tion, and heaving. Chilling injury is plant tissue damage at the membrane 
level caused by temperatures slightly above freezing. Desiccation of tissue 
occurs because of decreased water uptake by the roots. Winterkill takes 
place in evergreen plants which lose water by transpiration faster than it is 
replaced through the roots. The heaving of soil caused by alternate freezing 
and thawing damages the plant by ripping its root system. Mulching can 
effectively prevent heaving. Bark splitting can also occur as a result of low
temperature injury. Limbs can be broken by the weight of ice after heavy 
snowfalls. 

High-temperature injury. Sunburn or 'burning up' of plants takes place 
during hot weather. High temperature results in excessive water loss, and 
tissue desiccation. Warm, dry winds aggravate this situation. A significant 
amount of visible heat injury to fruit, leaves, and other tissues can occur 
when daily air temperatures reach 40°C or higher. As seen in Figure 7.3, 
temperatures during the summer months in the plains of Punjab are high 
enough to cause heat injury. Typically, heat injury occurs on a plant's most 
exposed south side. Bark splitting, yellowing and browning of leaves, visible 
spots on the peel of fruits, misshapen fruits, and effects on the quality of 
produce are common. Soil temperatures can also rise enough to interfere 
with root growth. Young plants can burn off at the soil line. Extremely high 
tempcratures (46-54°C) may kill the plant. 

Vernalization and chilling requirements. Temperature plays a crucial 
role in flower initiation and development in some plants. Biennial plants 
typically produce only vegetative growth in the first year; then, after extend
ed cxposure to cold during the winter (vernalization), flowering takes place 
in the second year. Some common crops which need low temperatures for 
!lower induction are beets, cabbage, lettuce, radishes, and carrots. 

Most winter-hardy deciduous fruits have a specific quantitative chilling 
requirement for successful flowering. A certain minimum number of hours 
()f exposure to temperatures below 4.4 °C (40°F) are counted by an internal
clock mechanism. Any hours of temperature above the critical temperature 
arc to be deducted from the counts. Chilling requirements vary among 
"pl!cies and among cuItivars. Breeders have developed low--chilling cultivars 
)f apples, peaches, plums, almonds, and apricots which can fruit successfully 

111 rclatively warm regions. 
Some fruit crops important in Pakistan are listed according to their 

lcmperature requirements in Table 7.4. 
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Table 7.4 Some common fruit crops listed according to their temperature 
requirements (order of increasing cold-tolerance) 

Tropical 
Coconut 
Banana 
Mango 
Pineapple 
Papaya 

Subtropical 

Date 
Fig 

LOw-temperature sensitive 

Non cold-requiring 

Citrus 
Olive 
Pomegranate 

Shghtly rrost
tolerant 

Temperature 
Mtld winter Severe wmter 

Almond 
Grape (Euro
pean) 
Persimmon 
(Japanese) 

Peach 
Cherry 
Apricot 
(blossoms 
tender) 
St.-awberry 
(very hardy) 

Tender 

Cold-requiring 

Pear 
Plum 
Grape (Ame
rican) 
Apple 
Mnter-hardy 

Variation in tolerance depends to a large extent upon species, variety, plant part, and 
stage of growth. 

Source: Adapted from Janick (1986:468), with permission of the publishers. 

7.2.5 Temperature management 

Plants show a marked response to changing temperatures. Extremes of 
temperature, even for short periods of time, can lead to irreversible changes, 
resulting in the death of the whole plant or parts of it. Exhaus.ted fruit
bearing trees are very susceptible to low-temperature injury. Late season 
growth on trees remains succulent and gets killed. There is no direct control 
of temperature under field conditions. Adaptations through selection of 
location, site, choice of plants, and appropriate cultural practices can modify 
the effects of extreme temperature. 
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Hardening. Broadly, hardening refers to processes that increase the 
ability of plants to surVive environmental stress. In its restricted meaning, 
hardening refers to developing the ability to withstand cold injury. Physio
logically, cold-hardiness is acquired in response to natural changes in tem
perature, water availability, and daylength. The progressive onset of cooler 
weather and shorter days in the fall bring about dormancy and hardiness. 
Growth slows down and carbohydrates accumulate near the end of the grow
ing season. Water moves from protoplasm to the vacuoles. The changed 
carbohydrate and water n:lations leave a larger prop'ortion of water bound 
to protoplasmic proteins and other colloidal materials, which stabilizes cell 
structure and imparts hardening. 

Nursery plants are hardened before transplanting to enable them to 
withstand the stress of transplanting. There are several ways to do this. The 
simplest method is to withhold water and excessive nitrogen fertilization. 
Sufficient growth during the growing season is necessary to accumulate 
carbohydrates. Gradual exposure of nursery plants to cold along with with
holding water or root pruning can sufficiently harden the plants in about 10 
days. Hardened nursery plants look stocky in contrast to tender and 'leggy' 
unhardened plants. Many vegetable nursery plants develop a dark-green 
color and waxy covering on the leaves upon· hardening. Over-hardening must 
also be avoided, since prolonge<;l hardening can interfere with the subse
quent development of seedlings after transplanting. In cruciferous vegetable!> 
(cole crops), over-hardened seedlings bolt without producing heads. 

Mulching. Surface covers used as insulating agents to regulate soil 
temperature are called mulches. Mulching materials include a variety of 
plant refuses, straw, hay, organic manures, paper, and plastics. Stable soil 
temperature improves root growth and increases nutrient availability both 
in summer and winter. It encourages early production of the crop as well. 
The stable soil temperature also prevents heaving. Additional benefits ot 
mulching are moisture conservation, weed control, erosion control, and clean 
iJarvest from vine crops like strawberries. Some problems associated with 
mulching include the harboring of plant pests, weeds, disease producing 
microbes, and rodents. Inflammable mulching materials can be a fire hazard 

Frost control. There are three approaches to frost control: (a) avoid
ance, (b) reduction of heat loss, and (c) addition of heat. For a successful 
control strategy, the conditions of occurrence of frost and the mechanism~ 
of injury must be thoroughly understood. 

Spring frost can be avoided by planting annual crops late. But this 
tpproach has its own problems. Predicting the last frost-free date is a matter 

. If statistics, and can be inaccurate. Areas with a short growing season get 
'arly fall frl)st, and late planting will further reduce the growing season. 
)tarting nurseries under protection and transplanting after the frost-free 
'c:riod begins avoids the danger of frost A futuristic approach to escaping 
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freeze damage involves interfering with the transition of liquid water to ice 
crystals. The transition of water to ice requires ice-nucleating particles that 
include certain bacteria (Pseudomonas and Erwinia). Elimination of ice
nucleating bacteria by bactericides or the use of non-nucleating ('ice-minus') 
bacteria as antagonists can reduce frost damage. 'Ice-minus' bacteria exist 
naturally and can also be genetically engiheered. 

Heat moves up through the soil by conduction, the rate of conduction 
varying with the soil type. Mineral soils conduct heat better than organic 
soils. Conditions leading to rapid and prolonged surface cooling are condu
cive to radiational frost. For example, the introduction of cold polar air 
followed by clear, dry, calm nights facilitates upward radiation, causing 
temperature inversions. The absence of wind leaves the coldest air undis
turbed next to the ground. Clouds and humidity cause re-radiation back to 
the earth and prevent frost. . 

Reduction of heat loss can be achieved by any method that will increase 
daytime absorption of heat by the sqil, or prevent its loss at night. Anything 
that prevents the accumulation of radiation during the day will increase the 
chances of frost. Thus dean cultivation, which allows the direct penetration 
of heat into the soil, is better for frost control than mulched or sodded 
fields. Covering individual plants and the use of plastic tunnels, cold frames, 
and a variety of mulches can prevent heat loss at night. Replacing air spaces 
in the soil by water reduces the danger of frost. 

The addition of heat may be accomplished in a number of ways, e.g. by 
using heaters, flooding, or spray irrigation, and by mixing the air with wind 
machines. However, the cost of energy for artificial heating and running 
wind machines may be prohibitive. Smudging (use of smoky heaters), an 
effective method of frost protection, is now illegal in some parts of the world 
because of the air pollution that it causes. 

7.2.6 Plant;lrowing structures 

A variety of plant-growing structures are in use to protect plants against 
adverse weather or to provide an ideal growing environment, primarily by 
temperature control. Systems are available which can provide a completely 
artificial plant environment. Greenhouse is a general name for many struc
tures used for controlling the environment. Commercial production of many 
vegetables and ornamentals is carried on in greenhouses. A brief description 
of common plant-growing structures is presented here . 

.1. Cold frames. A cold frame is an inexpensive form of temperature 
control. It is an enclosed soil bed covered by a removable, transparent (glass 
or plastic) frame or sash. Temperature inside the cold frame increases 
considerably during the day and heat is stored in the soil. Plants can be 
protected at night due to the excess heat trapped. In warm weather, the sash 
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is raised or removed. Cold frames are commonly used for starting plants 
from seed or hardening-off seedlings to be transplanted. 

2. Hotbeds. Hotbeds are essentialIy cold frames provided with a 
supplemental source of heat, like hot water, steam, or electric heaters. A 
cheaper source of heat like fermentation of decaying organic matter can also 
be used. 

3. Glasshouses. These are permanent structures, often on concrete 

Figure 7.4 A glasshouse 

foundations, in which temperature and other environmental factors can be 
regulated (Fig. 7.4). Temperature may be regulated by a combination of 
heating, cooling, and ventilation. In summer, shading the glass or whitewash
ing it can improve the efficiency of cooling systems. Ventilation can be used 
to regulate humidity. Supplemental lights can be used to extend the duration 
and intensity of light. Plants are usually grown in containers in artificially 
prepared soil mixes and given welI-controlled fertilizer programs. CO2 
enrichments have been shown to improve plant growth and yields in glass
houses. Because of the high cost of glass, other glazing materials like plastics 
and fiberglass have also been used. 

4. Plastic tunnels. Sheets of polyethylene are laid down over wooden 
or metal hoops (Figure 7.5a,b). The increase of temperature within the 
tllnnel encourages plant growth even with low outside temperatures. Tunnels 
are especially suitable for early production of summer vegetables. The 
operations may be carried out in a semi-permanent structure (high tunnels) 
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Figure 7.5 Plastic tunnel. Above: exterior view; below: interior view. 
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or by spreading the plastic sheets on temporary supports over the field beds 
(low tunnels). As warm weather approaches, the plastic may be raised or 
removed dlJring the day and put back at night. 

ExtensiYe use of tunnels also has some problems. High humidity encour
ages fungal pathogens. Proper ventilation must be carried out to lower the 
humidity. Lack of pollinators may result in no fruit set in crops like cucur
bits, and hand pollination must be done to ensure fruit-set in cross
pollinated crops. 

5. Shade houses. Shade or lath houses are structures with semi-shade 
conditions provided by screens, shading nets, or wooden laths. Shade reduc
es temperature, which in turn reduces water loss by transpiration and evapo
ration. Shade-loving plants like chrysanthemum, hydrangea, and foliage 
plants can be propagated and maintained in lath houses. Shade houses ar,' 
also used for hardening plants, and for transplanting. 

7.3 Water 

Given certain light and temperature conditions, water is the next most 
important limiting environmental factor in selecting a planting site and plant 
materials. Historically, agriculture started along the banks of rivers and 
lakes, and only later, when man developed a variety of irrigation systems, 
expanded into arid and semiarid areas. An adequate water supply must be 
ensured for any horticultural enterprise. The need for water cannot he 
overemphasized, as it performs many vital functions in plant life. 

• It is a necessary constituent of all living plant cells. 

• It serves as a solvent for nutrients from soils and CO2 from air. 

• It acts as a raw mate'rial in the process of photosynthesis. 

• It is a medium of translocation from site of uptake for raw materiab 
and site of production of plant compounds to their sites of utilization, 

• It is a reagent/substrate for a variety of chemical reactions, and acts a~ 
a pH buffer. 

• It maintains the turgidity of plant cells which is required for growth and 
development, and for vital functions like stomatal opening. 

• Because of its high specific heat, transpiration of water dissipates largc 
quantities of heat and suppresses leaf temperature. 
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, 7 .3.1 Properties of water 

Water covers up to 70 percent of the earth's surface. Because of ib unique 
properties, water is ubiquitous and functiona.lly present in all living organ
isms in large quantities. 
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Most of the unusual properties of water arc a result of its molecular 
structure. Water, consisting of two hydrogen atoms and one oxygen, is a 
covalcntly bonded molecule. The bonding angle between hydrogens is 105°, 
and because of this asymmetry of hydrogen, water has a strong dipole mo
ment, i.e. it is highly polarized, with a ~trong separation of positive and 
negative charges (Fig. 7.6). Because of this polarization, it readily shares its 
hydrogen with thc oxygens of other molecules of water and other oxygen
containing substances. Thus water is both very cohesive and adhesive. Its 
strong dipolar nature results in electrostatic attraction for other dipoles and 
ions, and in hydrogen-bonding with oxygen-containingmolecules. Water will 
adsorb to substances such as cellulose, but not to polyesters which have few 
oxygens available for hydrogen bonding. 

Many of the physical properties of water play a crucial role in plant
water relations. Ice at 0° has a density of about 0.999 g/cm3 and at 4° is 
1.0 g/cm3. Since the densest water sinks to the bottom of a body of water, 
the coldest water rises to the top, and water freezes from the top down 
rather than from the bottom up. The frozen water at the surface insulates 
the water below, preventing large bodies of water from freezing solid and 
killing aquatic life. 

Water has the highest specific heat of the common liquids. Water is 
used as the standard for the calorie, the amount of heat required to raise 1 g 
of water 1°C between 15.5° and 16.5°C. Hence water has specific heat of 
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1 callg per degree. This is important for rates of heating and cooling of plant 
bodies as well as aqueous bodies. Large bodies of water such as lakes and 
oceans tend to moderate the temperatures of adjacent land. For the same 
reason, dry climates tend to have greater temperature extremes than humid 
climates. The rates of heating and cooling of plant tissue are also affected 
by the heat capacity of water. 

The heat of vaporization, the amount of heat required to convert one 
gram of liquid to vapor, is much higher for water than other liquids. This is 
due to the cohesiveness of water. Because of its high heat of vaporization, 
when water evaporates from living surfaces, much heat is lost and a cooling 
effect is produced. 

The heat of fusion, the heat required to change a solid to a liquid, is 
also higher for water (ice) than for other substances. An interesting applica
tion of this property of water is in frost protection. Orchards can be protect
ed from frost injury by flooding. When the water freezes, the heat liberat%d 
during fusion (i.e. freezing) adds heat to the grove and protects the trees. 

Pure water is colorless, tasteless, and odorless. Due to molecular mo
tion, water will tend to scatter short-wavelength light (blue) and transmit the 
visible long wavelengths (red), with the result that water appears blue. Other 
properties of interest include high viscosity (resistance to flow), high density 
(grams per cubic centimeter), and high surface tension (the tendency of the 
surface to contract and resemble an elastic membrane) .. 

To understand plant-water relations, both atmospheric and soil mois
ture content must be considered. Water utilization from the soil is strongly 
influenced by atmospheric humidity, i.e. water in vapor form. It is, therefore, 
essential to understand various aspects of atmospheric moisture before 
discussing the soil-plant-water relationship. 

7.3.2 Humidity 

Absolute humidity is the weight of water vapor per unit volume of air, ex
pressed as grams per cubic meter. For a given atmospheric pressure, the 
volume of air changes with changing temperature. Therefore, absolute 
humidity will vary with temperature'without any change in absolute moisture 
content. 

Specific humidity is the weight of water vapor per unit weight of air, 
expressed as grams per kilogram. Since it is a ratio of weight to weight, 
temperature and pressure changes do not affect this measure of humidity. 

Relative humidity is the ratio of the amount of water vapor present in 
the air and the amount at saturation for a given temperature and pressure, 
expressed as a percentage. The water-holding capacity of air depends on 
temperature. The higher the temperature, the greater the water-holding 
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capacity. The relationship between relative humidity and specific humidity 
is shown in Table 7.5. 

Table 7.s Effect of increasing temperature on relative humidity with a 
constant specific humidity 

Temperature (0C) Specific humidity (g/ kg) 

o 3.80 
5 3.80 

10 
15 
20 
25 
30 
35 

3.80 
3.80 
3.80 
3.80 
3.80 
3.80 

Source: Halfacre and Barden 1979:216. 

Relative humidity (%) 

100 
70 
50 
36 
26 
19 
14 
11 

Starting from ooe air temperature and 100% relative humidity, when 
temperature increases to 30oe, the relative humidity drops to 14%, with no 
change in moisture content. This shows that relative humidity as a measure 
of atmospheric moisture is meaningless if compared at different tempera
tures, and explains the daily variation in relative humidity from morning to 
evening. 

A very useful method of expressing atmospheric moisture is vapor pres
sure. Water vapor pressure is that part of the total atmospheric pressure 
which is due to water vapor, expressed in millimeters of mercury (mm Hg), 
or in millibars (1 mm Hg = 1.32 millibars). Since relative humidity is a 
measure of relative saturation, the actual vapor pressure is calculated by 
multiplying the saturation vapor pressure by the relative humidity. A range 
of actual vapor pressures at different temperature and humidity levels is 
given in Table 7.6. The saturation vapor pressure at 300 e is 31.82; at 50% 
relative humidity, the actual vapor pressure is 15.91 (31.82 x 0.50). 

Table 7.6 Vapor pressure of the atmosphere at selected temperatures and 
relative humidities 

Actual vapor pressure (mm Hg) at indicated relative humidity 
Temp. 
°C 0 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

0 0 0.46 0.2 1.37 1.83 2.29 2.75 3.21 3.66 4.12 4.58 
5 0 0.65 1.31 1.96 2.62 3.27 3.92 4.58 5.23 5.89 6.54 
10 0 0.92 1.84 2.76 3.68 4.60 5.53 6.45 7.37 8.29 9.21 
15 0 1.28 2.56 3.84 5.12 6.40 7.67 8.95 10.23 11.51 12.79 
20 0 1.75 3.51 5.26 7.02 8.77 10.52 12.28 14.03 15.79 17.54 
25 0 2.38 4.75 7.13 9.50 11.88 14.26 16.63 19.01 21.38 23.76 
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Actual vapor pressure (mm Hg) at Indicated relative humidity 

Temp. 
cC 0 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

30 0 3.18 6.36 9.55 12.73 15. 1 19.09 22.27 25.46 28.64 31.82 
35 0 4.22 8.44 12.65 16.87 21.09 25.31 29.53 33.74 37.96 42.18 

40 0 5.33 JJ 60 16.60 22.13 27.66 33.19 38.72 44.25 49.79 55.32 

Source: Halfacre and Barden 1979:217. 

A parameter commonly used to describe atmospheric water relations is 
vapor pressure gradient. This measure is used to compare the vapor pres
sure at a relative humidity less than 100% with the saturation vapor pres
sure. The vapor pressure gradient allows us to compare situations at differ
ent temperatures, which is not possible with any of the other parameters 
described. For example, the vapor pressure gradient at 30°C and 40% 
relative humidity is 31.82-12.733 = 10.09; and at 20°C, 17.54-7.02 = 10.52. 

For the same relative humidity, a different vapor pressure gradient 
indicates the relationship of temperature with rate of evaporation. The 
relativ~ humidity within the stomatal cavity is assumed to be 100%. For a 
given leaf surface temperature, one can work out the vapor pressure gradi
ent, which will determine the rate of water loss through transpiration. It is 
important to remember that with a constant amount Jf water vapor present, 
vapor pressure does not change with temperature, but the vapor pressure 
gradient changes with temperature (Halfacre and Barden 1979:216-17). 

There are several forms of atmospheric moisture or humidity, including 
rain, snow, vapor, fog, sleet, hail, and dew. Rain forms when the condensa
tion of atmospheric moisture takes place at temperatures above the freezing 
point. Snow forms when atmospheric moisture condenses at temperatures 
below the freezing point. When rain faUs through a layer of air with tem
peratures below the freezing point, sleet is formed. If the air currents carry 
the frozen particles back up so that they accumulate a thicker covering of 
ice before falling again, hail is formed. Hailstorms cause considerable dam
age to crops. Dew forms at night when atmospheric moisture condenses on 
cold surfaces (relative humidity reaches 100%). Fogs and mists are low 
clouds which do not settle. In addition to providing high moisture in the air, 
winter fogs help in the accumulation of chilling hours for deciduous fruits. 

Atmospheric moisture can be measured by psychrometers, hygrometers, 
or rain gauges. The psychrometer is the simplest instrument to measure the 
vapor content of air. Typically, it consists of two similar thermometers. The 
bulb of One thermometer is covered with clean muslin cloth wetted with 
distilled water, and the bulb of the other is left dry. The two thermometers 
(wet-bulb and dry-bulb) are mounted side by side. If the relative humidity 
is below 100%, water evaporates from the wet bulb, and its temperature is 
lowered proportionately to the surface heat loss. The lower the humidity, the 
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more rapid the evaporation. For a better estimate, the thermometers can be 
swung in the air until the temperature of the wet bulb no longer decreases. 
When the temperature of the wet bulb stops declining, the vapor pressures 
of the water in the wick and the water in the atmosphere are equal. By 
knowing the difference between the wet and dry-bulb temperatures, one can 
obtain the relative humidity from r~ychrnml:tric tah1cs or charts (Figurl: 7.7). 
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Figure 7.7 Psychrometric chart illustrating relatIonships between properties of moist air 
(mm Hg). 

7.3.3 Soil moisture 

Water in soil is found in several forms. In a saturated soil (after irrigation 
or heavy rain), water moves through the pore spaces. The proportion of 
water that drains out/down is free water or gravitational water. Gravitational 
water is available to plants, but only for a short time. Most of the water 
retained by soil is capillary water, which is held by its own surface tension 
(cohesion) and by adhesion to the soil particles. It is the most important 
component of soil moisture available to plants. A small component of soil 
moisture, bygroscopic water, adheres tightly to soil particles and is not 
normally available to plants. Water is also present in soils in chemically 
bound forms, and is also unavailable for plant use. When all free water 
drains from the soil, it is said to be at field capacity. Field capacity differs 
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with the type of soil. The field capacity of a heavy clay soil may be 30 per
cent, whereas it is only 3 percent in a sand, on a dry-weight basis. After the 
depletion of all available capillary water, the soil water reaches a level called 
the wilting point. Again, the percentage of water at this point depends on 
the type of soil. The difference between the wilting point and field capacity 
is the available water. 

A number of factors influence the movement of water in soil. Infiltra
tion (movement of water into soil), percolation (movement of water through 
soil), and surface runoff are all influenced by the initial soil moisture content 
at the time of rain or irrigation. Soil structure, texture, and vegetation are 
other factors. The smaller pore size in clay soils, and larger pore sizes in 
loamy and sandy soils affect the movement of water accordingly. As water 
is taken up by plants and evaporates from the soil surface, water from lower 
parts of the soil moves upward. Upward and lateral movement is caused by 
capillary action, which is a surface tension phenomenon. The finer the soil 
spaces, the greater the distance water moves by capillary action. 

There are several ways of measuring and expressing soil water. The 
simplest way is as a percentage of the dry weight of soil. A more useful 
method of assessing soil moisture is to express the tension with which it is 
bound to the soil particles. Free water is held with very low tension; capillary 
water is bound tightly; and hygroscopic water is bound extremely tightly. 
Thus free water has high potential energy (high potential), and bound water 
(under tension) has low potential energy (potential). The potential of soil 
water can be expressed in bars (one bar is equivalent to one atmosphere). 
Available water in most soils is between -0.33 bars and -15 bars. 

A tensiometer is a device to measure the water tension/potential in soil. 
A soil tensiometer consists of a porous ceramic cup which is buried in the 
soil and connected with a tube to a vacuum gauge or mercury manometer 
situated above the soil surface. The cup and connecting tube are filled with 
water, which gradually comes to equilibrium with the soil moisture. At 
equilibrium, the water potential of the cup is the same as that of the soil, 
and can be directly read from the vacuum gauge or mercury manometer. 

7.3.4 Plant water requirements 

Determining when and how much water to apply is a major problem in plant 
water management. Only rarely is natural precipitation enough to meet the 
water requirements of most horticultural crops. The deficiency must be 
made up by irrigation. Irrigation timings can be based on soil moisture and 
meteoroloiical data. The calculation of consumptive use, i.e. water lost by 
evaporation and transpiration, is the best indication of irrigation require
ments. Consumptive use varies with temperature, duration of sunshine, 
humidity, wind, amount of plant cover, the stage of plant development, and 
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available soil moisture. High water consumption takes place during hot, dry, 
and windy conditions (Table 7.7). 

Table 7.7 Average peak moisture use (inches of water per day) for 
commonly irrigated horticultural crops 

Crop 
Potato 
Tomato 
Bean 
Vegetables 
Deciduous 
orchard 
Deciduous 
orchard with 
cover 

Cool climate Moderate climate Hot climate 
Humid Dry Humid Dry Humid Dry 
0.10 0.16 0.12 0.20 0.14 0.24 
0.14 0.17 0.17 0.22 0.23 0.23 
0.12 0.16 0.16 0.20 0.20 0.25 
0.12 0.15 0.15 0.19 0.20 0.23 
0.15 0.20 0.20 0.25 0.25 0.30 

0.20 0.25 9.25 0.30 0.30 0.35 

Citrus orchard 0.10 0.15 0.13 0.19 0.18 0.23 

Source: Reproduced from lanick (1986:210), with permission of the 
publisher. 

Crops require most water in the fruiting or seed-forming periods. Plants 
also differ in their water requirements in relation to their ground-covering 
ability and root depth (Table 7.8). Except for water-loving plants, an excess 
of soil water can result in problems like root damage, fruit splitting, and 
infections by pathogenic fungi. 

Table 7.8 Normal root-zone depths of mature irrigated crops grown in a 

Crop 
deep, permeable, well-drained soil 

Root depth (feet) Crop 
Alfalfa 
Artichokes 
Asparagus 
Beans 
Beets (sugar) 
Beets (table) 
Broccoli 
Cabbage 
Cantaloupe 
Carrots 
Cauliflower 
Citrus 
Corn (sweet) 

5-10 Grass pasture 
4 Ladino clover 

6-10 Lettuce 
3-4 Onions 
4-6 Parsnip 
2-3 Peas 

2 Potatoes 
2 Pumpkin 
6 Radishes 

2-3 Spinach 
2 Squash 

4-6 Sweet potato 
3 Tomatoes 

Root depth (feet) 
3-4 

2 
~ 

1 
3 

3-4 
3-4 

6 
1 
2 
3 

4-6 
6-10 
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Crop Root depth (feet) Crop Root depth (feet) 
Corn (field) 4-5 Turnips 3 
Cotton 4-6 Strawberries 3-4 
Deciduous orchard 6-8 Walnuts 12+ 
Grain 5 Watermelon 6 

Source: Reproduced from lanick 1986:211, with permission of the publisher. 

Not all the irrigation water applied is available to the crops. The per
centage of applied irrigation water that actually becomes available for use 
by plants is the irrigation efficiency. Water should be applied to bring the 
soil up to field capacity. Irrigation is best done when the water tension in 
the depletion zone is above four atmospheres, or when 60% of available 
water is depleted (J anick 1989:211). Various irrigation methods for vegetable 
and fruit plants are described in Chapter 10. 

7.4 Air 

Normal air is composed of 78% nitrogen, 21% oxygen, 0.9% argon, 0.03% 
carbon dioxide, and 1-3% water vapor. Traces of inorganic and organic 
compounds are detectable. 

Nitrogen is an inert gas, and though an essential element for plants, it 
is not available unless transformed into nitrate or ammonia ions through the 
process of nitrogen fixation. Air is the source cif this critical element, which 
is fixed either throu&h biological means or industrial/chemical methods. 
Abundant oxygen in the air is the basic requirement for life on the earth. 
Except in flooded soil conditions, which limit its availability to plant roots, 
oxygen is assumed to be freely available. Despite being a very small fraction 
of the atmosphere (0.03% or 300 ppm), carbon dioxide is critical to plants, 
since it is the only source of carbon. Carbon dioxide is never a limiting 
factor in field conditions; however, it may drop below normal levels in thick 
plant populations or under greenhouse conditions because of higher than 
normal rates of photosynthesis. Carbon dioxide enrichment can increase 
crop yields and improve plant quality in intensive greenhouse production. 
Atmospheric moisture (water vapor) was discussed in section 7.3. 

In preindustrial days, the atmosphere varied relatively little and the 
normal movement of air kept its constituents in equilibrium. The processes 
of industrialization and urbanization, however, have caused considerable 
degradation of air quality. The principal sources of air -pollution are auto
mobiles, industries using fossil fuels, heating, refuse burning, and poor 
disposal of sewage and sludge. Pollutants in the air can interfere with the 
normal growth of plants, and plant scientists have begun investigations of the 
effects of air pollution on plant health. The role of horticultural plants in the 
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control of air pollution has also been greatly advocated. A brief description 
of important air pollutants is presented here. 

7.4.1 Air pollutants 

Ozone. Combustion engines release nitric oxide (NO-) which oxidizes 
quickly in the air to form nitrogen dioxide (N02). As a result of different 
photochemical reactions, nitrogen dioxide releases atoms of oxygen (0), 
which combines with molecular oxygen (02) to form ozone (03). Ozone is 
a highly reactive compound and tends to disappear if it ceases to be pro
duced. Ozone can affect plants by decreasing photosynthesis. Stomata tend 
to close in the presence of 03' limiting gas exchange and reduction of carbo
hydrates. Several plant disorders are known to be caused by ozone. In the 
upper atmosphere, a deep layer of ozone is present which protects living 
organisms on the earth from the ultraviolet radiation of the sun. 

Sulfur dioxide. Sulfur dioxide is released into the atmosphere from 
burning fuels and mining operations. It is toxic to plants and threatens 
human and animal health. It can enter leaves through the stomata and is 
absorbed on wet cell surfaces. At low concentrations, it interferes with the 
synthesis of proteins. Larger accumulation results in direct injury to the cells. 
In the air, it is one of the gases which cause acid niin. 

Fluorides. Fluorides are non-degradable hydrocarbons. They are pro
duced in the aluminum, glass, ceramic, and phosphate industries, and are 
manufactured and used either in gas or particulate forms. Household paints 
and coolants in refrigerators and air conditioners contain appreciable quanti
ties of fluorides. Once released into the air, fluorides travel to the upper 
atmosphere and form compounds with the highly reactive ozone. The contin
uous release of such compounds in the air has been depleting the ozone 
layer, causing holes in our 'protective blanket'. Fluorides enter plants by 
diffusing through the stomata. Exactly how fluorides injure plants is not 
known. They cause mottling and necrosis at the tips and margins of leaves 
of sensitive broad-leaved plants. Small doses of fluorides have been reported 
to increase growth of some plants, including grapes and citrus trees. 

Other harmful gases in the air include ammonia and chlorine. Ethylene, 
a natural plant hormone, will injure plants if present in great quantities. 

Dust. Dust, or suspended particulate matter, can be injurious to plants. 
Dust is introduced into the air by soil erosion, agricultural operations, 
smoke, mining operations, fast moving objects, winds, and industrial process
es. When present on leaf surfaces, dust can impair photosynthesis. Wind
blown particles can physically damage the foliage, and finer particles can 
obstruct stomatal openings. The quality of crops like lettuce and cabbage, 
and many fruits and ornamentals can be badly damaged by airborne parti
cles. A serious consequence of suspended particles is their ability to act as 
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carriers of agro-chemicals sprayed on crops. Spray-coated dust particles can 
travel with the winds and land at unwanted destinations causing damage to 
crops and posing health hazards for man and animals. 

Smog. Smog is a word made up from smoke + fog. It contains dust, 
oxides of nitrogen, ozone, sulfur dioxide, hydrocarbons, and other emission 
products. Emission products from automobiles react in the atmosphere 
under the influence of sunlight to produce toxic gases which are injurious to 
plants. The end product of a series of reactions is peroxyacetyl nitrate 
(PAN). PAN and ozone are toxic to plants at concentrations as low as 5 
ppm for 10 minutes. 

7.4.2 Acid rain 

The pH of normal rain is about 5.6, due to natural carbonic acid formed 
when atmospheric carbon dioxide dissolves in rain water. However, rains at 
pH 4.0 or even lower occur in heavily industrialized areas of the world. Acid 
rain can also be produced naturally by volcanic eruptions. The production 
of S02 and N02 by burning fossil fuels is the main cause of this problem. 
The S02 and N02 are transformed into dilute sulfuric and nitric acids, 
respectively, causing acid rain. The acid-causing compounds in rain have 
bcen associated with extensive ecological damage, including plant injury and 
death, the destruction of aquatic life, and extensive damage to buildings. The 
only control possible is the reduction of sulfur and nitrogen-carrying gases 
in industrial and vehicular emissions. 

7.4.3 The greenhouse effect 

The earth's surface and atmosphere remain at temperature equilibrium by 
absorbing incoming sunlight and radiating an equal amount of infrared 
energy to outer space. However, the increasing concentration of CO2 in the 
air has serious consequences for this ecological balance. Carbon dioxide 
strongly absorbs and emits radiation in the infrared range. Being transparent 
to visible light and partially opaque to infrared, CO2 prevents normal re
radiation of infrared energy to space, thus increasing the temperature of the 
atmosphere. This result is called the greenhouse etTect. A rise in the earth's 
temperature could change precipitation patterns, causing melting of the 
polar icecap, and a rise in ocean levels, submerging some coastal areas. 

Efforts to prevent the increase of CO2 levels in the atmosphere must be 
made. An inLTease in the use of cleaner energy sources with a corresponding 
decrease in fossil fuel use could reduce CO2 emission. Another useful 
approach is to derive energy from renewable carbon sources such as plant 
debris and plant hydrocarbons instead of carbon fixed in the past. If all 
energy were obtained from carbon fIXed annually, there would be no net 
change in the amount of CO2 in the atmosphere. 
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7.4.4 Wind 

The amount, velocity, and seasonal distribution of winds has definite effects 
on the adaptability and success of particular crops in any region. The major 
influences are of two types. The first is as an environmental component 
influencing energy flux. Hot winds tend to increase transpirational water 
losses and exposed leaves may die of desiccation. Cold winds reduce the 
influence of radiant energy to or from plant tissues. The second effect is 
mechanical. In addition to its speed effects, wind may carry sand and dust 
particles big enough to cause physical damage. Stem and leaf tissues may be 
bruised and fruits scarred. Tree limbs can be broken, and fruit drop may be 
extensive. Summer winds in Punjab are one of major causes of damage to 
our mango crop. In areas with frequent winds, trees will grow lopsided. It 
is difficult, if not impossible, to protect plants from the effects of wind. In 
selecting a site for orchards, the wind should be considered as an important 
factor. Windbreaks can considerably reduce the effect of winds. A discussion 
of windbreaks follows in Chapter 9. 

7.5 Climatic regions 

The summation of an area's weather components, including temperature, 
moisture, and light effects over a period of time is collectively called climate. 
The term weather refers to the daily condition of environmental compo
nents. Climate is the fundamental factor in the physical environment of 
plants and determines which plants can be grown in a particular region. On 
the geological scale, it determines the characteristics of soils, which are 
formed by the process of weathering. Microclimate refers to the climate of 
a very small area. For example, the climate at ground level will differ consid
erably from that 500 feet above it. Similarly, the microclimates of an air 
pocket, or in the vicinity of a body of water, or in low-lying areas are differ
ent from the climate of their surroundings. The term location identifies a 
geographic and climatic area, and site is related to microclimatic differences 
within a specific location (Janick 1986:456). The selection of proper location 
and sites is a major determinant of success in horticultural farming. 

Total annual precipitation and its distribution vary from place to place. 
Effective precipitation is the rain water that is not lost by runoff or evapora
tion and is available to plants. The natural vegetation of an area gives a 
gOOti"indication of effective precipitation, and a variety of vegetation pat
terns exist in different parts of the world depending upon the amount of 
effective precipitation. For example, the average rainfall in the Northern 
Areas and Kashmir is much higher than that in the central parts of the 
country, and rainfall is negligible in Cholistan and the Thar deserts. There 
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Figure 7.8 Average monthly rainfall in Punjab. 

are considerable forest resources in the north, while there is very little life 
in Cholistan and the Thar deserts. Average monthly rainfall data for the 
plains of Punjab are presented in Fig. 7.8. 

The quantity of light is. a critical climatic factor, and plant species native 
to various regions have evolved to respond to specific photoperiods. Day
length is the most obvious difference between climates. Pakistan is located 
around· 30oN, where the difference between midsummer and midwinter 
daylengths is about two hours. In addition to daylength, the quantity of light 
is affected by such atmospheric conditions as the number of sunny versus 
cloudy days. The average number of sunny days in Pakistan is more than 350 
per year. 

Climatic regions can be classified in a variety of ways. A common clima
tic classification by temperature divides the earth into three major zones, i.e. 
tropical, temperate, and polar. The tropical climate can be further subdivid
ed into pure tropical with no distinct winters, and subtropical, where distinct 
summer and winter exist along with transitional spring and fall seasons. The 
temperate climates are characterized by harsh winters and mild summers. 
Another classification is based on annual and monthly means of tempera
ture and precipitation. 
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7.5.1 Tropical rainy climates 

This region lies in a band of roughly 20-40° around the equator, and is 
characterized by the absence of winter. The average minimum monthly 
temperature is 18°C. Rainfall is abundant, averaging 76 or more cm per 
year. The distribution of rainfall defines two climatic subtypes. One subtype 
has rainfall of no less than 6.4 cm per month, distributed more or less evenly 
throughout the year. The other sub--climate has distinct wet and dry seasons. 
In the continually rainy areas, the natural vegetation is broad-leaved and 
evergreen with no dormancy requirements. In the seasonally wet and dry 
areas, the dominant natural vegetation is coarse grass, which remains dor
mant during dry periods. Many horticultural crops are native to the tropical 
regions: mango, papaya, yam, and banana have worldwide significance 
(Janick 1986:472). Most Southeast Asian and Southeast African countries 
have a tropical climate. 

7.5.2 Tropical dry climates 

The dry climates are roughly distributed on either side of the tropical rainy 
climates. About 26% of the earth's surface lies in this climatic zone. Rainfall 
is scarce and unpredictable. In this climatic zone, evaporation from the soil 
surface and transpiration by plants may exceed annual rainfall. The dry 
climates can also be subdivided on the basis of moisture into arid (desert) 
and semi arid (steppe). The dry climates may also be subdivided into tropical 
and subtropical regions on the basis of minimum temperatures. Thus, there 
are four general types: hot deserts, cold deserts, hot steppes, and cold 
steppes. The soils in the dry climate, especially the steppes, are very fertile 
and considered to be the best agricultural lands provided artificial irrigation 
is available. Subtropical fruit crops like citrus, figs, and melons are native to 
these areas. Temperate zone crops like carrots and lettuce can be grown 
during the winter season. Most of the Punjab province and the southern 
districts of NWFP can be regarded as falling in the steppe zone. Most of 
Sindh and Balochistan provinces, the Cholistan and Thai areas of Punjab, 
and parts of eastern NWFP lie in the arid zone. 

7.5.3 Humid temperate climates 

These climatic regions around the middle latitudes are characterized by 
distinct winter, spring, summer, and autumn seasons. Two subdivisions can 
be defined on the basis of an average minimum monthly temperature of ooe, 
mild-winter, and severe-winter. The mild-wintered portions of the temper
ate zones are found in the lower latitudes and on seacoasts on the western 
side of continents. Within this zone, there are three important climate types: 
(1) Mediterranean, (2) humid subtropical, and (3) marine. 
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The Mediterranean climate is characterised by dry, warm-to-hot sum
mers, and mild winters with enough rainfall for horticultural crops. One of 
the best climates for horticultural crops, this zone constitutes less than 2% 
of the earth's land area. It is found in the Mediterranean region, central and 
coastal California in the USA, the southernmost part of South Africa, and 
parts of southern Australia. Parts of Balochistan have climatic features 
similar to those of the Mediterranean region. Major crops are olive, fig, 
citrus, grapes, and dates. Its dry summers are ideal for fruit drying, and it 
is here that this method of fruit preservation originated. This climatic zone 
provides most of the world's dried figs, dates, prunes, and raisins (grapes). 

Humid subtropical climates are usually found on the eastern sides of 
continents. The annual precipitation is abundant (76-165 cm) and distribut
ed evenly over the entire year. Summers are hot and humid; winters are 
mild with occasional freezing temperatures which limit the production of 
warm-season, perennial, and tree crops like citrus. The southeastern USA, 
many South American countries, and parts of Australia and China have this 
kind of climate. These are very rich vegetable producing lands. Long gr owing 
seasons permit two harvests a year for the same crop. Fruit crops with low 
chilling requirements (e.g. peaches) are also grown. 

Marine climates are found on the western coasts of middle latitude 
continents. An extensive area in western Europe has marine climate. The 
marine summers are cool (18-21°C) but long enough for growing most 
crops. The winters are mild with average monthly minimum temperatures 
above freezing. Frosts are frequent and winter chilling sufficient to allow a 
dormant season. Rainfall varies from 76-254 cm; fog and mist are common. 
About half the days each year are cloudy. Apples, pears, and strawberries 
are well suited to the marine climate. Cool-season vegetables like peas, 
lettuce, and crucifers do especially well. The long spring season and mild 
summers extend the flowering season, making this climate highly suitable for 
bulbous flowers like tulips and daffodils. This type of climate is not found 
in Pakistan. ' 

The severe-winter climates of the temperate region are characterized 
by short but distinct summers. These climates are found over the large land 
masses beneath the poles, and at higher altitudes. This climatic zone can be 
further subdivided into warm-summer (the prairies of the midwestern USA), 
cool-summer (western and central Russia), and sub-arCtic (C;anada, Alaska, 
Siberia) areas. The high altitude mountainous regions of Murree, ..f\JK, 
FATA, NWFP, and Balochistan represent severe-winter, warm-summer 

,climates. Murree and AJK receive rains during summer while FATA, 
NWFP, and Balochistan are outside of the summer monsoon zone. All of 
them have summer temper~tures high enough to ailow the cultivation of 
crops. These climates are ideal for crops like melons, tomatoes, and sweet 
corn. The cool-summer climates support exte"1sive plantation of hardy 
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deciduous fruits. Also, cool-season vegetables like potatoes and peas are 
very successful. In sub-arctic regions, there are only 50-75 frost-free days. 
In these areas, the main horticultural crops are root crops (turnips, beets, 
carrots) and crucifers (cabbage and cauliflower). 

The polar climates (tundra) have mean annual temperatures at or below 
O°C, and the average temperature of the warm months is 10°C. There is no 
horticultural activity in these areas. 

STUDY QUESTIONS 

1. What is radiant energy? Describe the relationship between visible light 
and photosynthetically active radiation. 

2. What is phytochrome? List various phytochrome-mediated plant re
sponses. 

3. Define photomorphogenesis. Discuss the effects of daylength on the 
reproductive behavior of horticultural crops. 

4. What is transpiration and its significance for plants? Explain its rela
tionship to light and temperature. 

5. How does water moderate temperature effects on plants? Explain why 
these moderating effects occur. 

6. What is the influence of latitude on temperatures and seasons on the 
earth? Explain why these effects occur. 

7. Describe the relation of temperature to altitude. Explain why these rela
tionships are found. 

8. What is a temperature inversion? How do the day and night air temper
atures lead to the formation of temperature inversions? 

9. Define the concept of degree days. How are degree days calculated? 

10. Explain what is me~nt by chilling requirement. Compare the concepts of 
degree days and chilling requirement. 

11. Differentiate between freeze and frost. 

12. Describe some common high ar..J low-temperature injuries to plants. 

13. Discuss frost and methods of frost protection. 

14. What is a greenhouse? How- can a plastic tunnel be used for early 
production of vegetables? 

15. Briefly describe the role of water in plant life. 
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16. Discuss various aspects of atmospheric humidity. How can you build 
and use a psychrometer? 

17. Differentiate between water potential and tension in soil. How are 
irrigation requirements determined? 

18. What is air pollution? Discuss major causes of air pollution, and de
scribe some common pollutants and their effects. 

19. What is the greenhouse effect? Discuss its causes. 
20. What is climate? Discuss major variables influencing the world's clima

tic zones. 

21. Distinguish between field capacity, permanent wilting percentage, and 
available water in soil. 

22. A plant with a deep root system withstands drought better than a plant 
with a shallow root system. Explain why this is so. 

23. Define transpiration. In general, the rate of transpiration is greater 
during summer than winter, on sunny days than on cloudy days within 
the same season, and during the light period th~ the dark period of 
any given 24-hour day. Explain why this is so. 

24. When a plant is wilted, it is not making carbohydrates. Explain why. 
25. What is meant by the optimum temperature range for plant growth and 

development? 

26. Fruit trees and other woody plants Iow in carbohydrates at the end of 
the growing season are more susceptible to winter injury than trees high 
in carbohydrates. Explain why this is so. 

27. Fruit trees and other woody plants with heavy crops are more likely to 
be injured by low temperatures during the winter than trees which bear 
moderate crops. Explain why this.is so. 

28. What is meant by the rest period? 
29. Explain why there are no citrus orchards in the northern regions of 

Pakistan. 

30. What is light? Discuss the function of light in photosynthesis. 
31. Plants grown in dense shade have less extensive root systems than plants 

grown in the SWl. Explain from the standpoint of light supply. 
32. When do the equinoxes occur'? How long are the light and dark periods 

on these dates? 
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33. What is a short-day, long-night plant? A long-day, short-night plant? 

A day-night neutral plant? 
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8. SOILS AND FERTILizERS 

M. Ibrahim Chaudharyl 

Soil is the foundation of agricultural production. Soils are tremendously 
heterogeneous, and are put into numerous classes depending upon their 
physical and chemical characteristics. Each class is best suited for particular 
types of crops, hence the study of soils is basic to crop management. The 
continuous drain of nutrients by crop production depletes the soil's fertility, 
the upkeep of which is esseqtial for profitable agriculture, the major source 
of livelihood of over 70 percent of Pakistan's population. Thus, soils must 
be continuously artificially replenished, keeping in view the types and/inher
ent fertility of the soil, and the requirements of the crops to be grown. 
Organic and inorganic fertilizers are the principal means of maintaining soil 
fertility; therefore along with the study of soils, study .of fertilizers is also 
necess.ary. This chapter contains basic information about soils and fertilizers 
for undergraduate students. 

LEARNING OBJECTIVES 

Reading this chapter should enable a student to discuss basic concepts of: 

• Various types of soil texture with reference to horticultural crop~ grown 
in Pakistan 

• Soil structure: its formation and importance for crops 

• The role of various soil components in crop and soil management 

• Essential nutrient elements: their role and deficiency symptoms 

• Methods of handling organic manures 

• The composition of various organic and inorganic fertilizers 

• Methods of determining nutrient requirements, and their appropriate 
times and methods of application 

I Or. Ibrahlm Chaudhary IS Associate Professor, Department of Horticulture. University 
of AgrIculture, Falsalabad. 
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8.1 Soils 

Soil is the outermost weathered layer of the earth's crust which can support 
a growing plant. It is the main medium of plant growth. Besides providing 
anchorage to the plant, soil also supplies water and nutrients. Thus for the 
successful growing of horticultural crops it is of immense importance to 
unde,rstand soil. 

There are several types of soils in Pakistan: loamy soils in the northern 
regions; and clay loam, sandy loam, and sandy soils in central and southern 
Pakistan. Alluvial deposits constitute the main material for most soils in this 
country, and there are also some weathered bedrocks and loess soils. 

The most important soil components, on which fertility and fitness for 
crop production depend, are: inorgahic minerals, organic matter, water, and 
air. The proportion of these components to each other determines the 
agricultural value of a soil. A good soil should contain one-half solid materi
al (organic and inorganic) and the other half equally divided between water 
and air. Soils are classed as mineral soils and organic soils, depending upon 
whether inorganic or organic matter predominates. Some main types of 
mineral soils are: sandy, sandy loam, loamy, silt loam, and clay loam. The 
organic soils are muck and peat soils. 

8.1.1 Mineral soils 

Almost all types of mineral soils are used for growing various horticultural 
crops, each having specific advantages. Some of the important types of 
mineral soils with their salient characteristics are described here. 

Sandy soils. These arc generally coarse textured and of low fertility. The 
sand component is as much as 80-95%, while the remaining 5-20% is silt 
ami clay. These soils arc well-aerated and well-drained, and because of 
speedy dccomposition, low in organic matter. These soils arc widespread in 
the south and southwest of Punjah and the deserts of Sindh. Some of them 
arc cultivated. Horticultural crops, espl'cially vegetables, are sometimes 
grown in sandy soils for early maturity, hut yields are low. Frequent irriga
tion and heavy manuring are important to improve the fertility and texture 
of these soils. However, they are easily managed. Generally, watermelons,. 
muskmelons, groundnuts, and sweet potatoes are favoured in these soils. 
After repeated green manuring, cultivation of citrus fruit has been made 
possible in Leiah, Muzaffargarh, and Bahawalpur Districts. 

Sandy loam. These soils are well-aerated, well-drained, and moderate
ly fertile. Most of the soils of the Punjab and Sindh, particularly of the 
southern irrigated plain, represent this type. They contain 50-80% sand and 
20-50% silt and clay, with a little organic matter. Thc presenGe of silt and 
organic mattt~r increases their watt:r-holding capacity, and hence a wider 
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variety of horticultural crops, e.g. citrus, mango, date palm, cucurbits, root 
crops, and ornamentals; can be successfully grown. 

Silt loam. These soils are common around the Salt Range, the Potohar 
Plateau in Punjab, in the wet mountains of the northern part of the country, 
and in the dry western plateau of Balochistan. These are fme-textured, 
poorly drained, and fertile soils. The proportion of sand is 20-30%, while silt 
and clay constitute 70-80% of silt loams. Their organic matter content may 
also stay high due to moderate aeration. Good soil preparation is required 
for growing apples, pears, and stone fruits. Melons and some vegetables are 
widely cultivated. 

Clay loam. These are quite fertile and moderately well-drained soils; 
they are found particularly in the northern irrigated plains of Peshawar and , 
Mardan and in the rice belt of Punjab. They are very fine-textured soils, 
containing 60-80% silt and clay and 2~0% sand. Comparatively more 
organic matter stays in these soils because they favour slow decomposition. 
Clay loams require good preparation and are important in growing pears, 
plums, peaches, and apricots. Vegetables like onions, cabbage, and cauliflow
er, and other high value horticultural crops are also grown on these soils. 

Silty soils. Silty soils are found in the active flood plains of the Indus 
delta. These soils are fine-textured, and poorly drained and aerated. Man
goes and bananas are successfully grown on these soils in Sindh province. 

8.1.2 Organic soils 

Organic soils are formed from plant material deposits in and around shallow 
bodies of water and contain over 20% organic matter. They are of two types: 
muck and peat soils. Muck soils contain 20-70% organic matter and are 
fine-textured. Plant residue is in an advanced stage of decomposition. These 
are highly valuable soils, producing high yields of horticultural crops, partic
ularly vegetables and ornamentals. Peat soils are composed of coarse and 
fibrous organic matter. The percentage of organic matter in these soils also 
ranges from 20-70%. They are important in greenhouse production. 

These soils are not found anywhere in Pakistan. Our soils generally have 
less than 1% organic matter content (Kausar et al. 1979). 

8.1.3 Soil moisture 

Moisture is the third essential component of soil; without it, life in the soil 
is impossible, while an excess of it also results in loss of life because of poor 
aeration. The moisture-holding capacity of agricultural soils is very impor
tant. This increases with an increase in organic matter content and with 
reduced size of mineral particles. The maintenance of organic matter, soil 
texture, and structure also determine the drainage of the soil. Organic 
matter and clay particles hold water with a force called soil-moisture-
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tension. The more water in the soil, the looser the bond and the lower the 
soil-moisture tension, which is zero on saturation. Conversely, the less water 
in the soil, the stronger the bond and the greater the soil-moisture tension. 
Generally, water is held more tightly in clay soils than in loamy soils, and 
least tightly in sandy soils. 

Categories of soil moisture. The moisture present in the soil is never 
pure water but always in solution form called soil solution. The concentra
tion of the soil solution keeps on changing with the addition or depletion of 
fertilizers. Categories of moisture are named after the force by which they 
are held by the soil particles. 

CHEMICALLY COMBINED WATER: This is a component of the soil particles 
and is not at all available to crops. 

HYGROSCOPlC WATER: Held very tightly in the form of a thin layer around 
the soil particle, none of this water is available to plants. 

CAPILLARY WATER: Existing as a film around particles in micropores, capil
lary water is held relatively loosely. This water moves in the soil and is the 
water which' is most utilized by plants. 

GRAVITATIONAL WATER: This water is held very loosely in the macropores 
and moves downward and is lost quickly from the top of well-drained soils 
without much benefit to the plants. It is generally rain water and flood 
irrigation water. Since it is supplied in abundance, the so}l is saturated. The 
water left after the drainage of gravitational water (after 24-48 hours) is 
called field capacity. 

8.1.4 Soil IIir ' 

Though there is a small amount of air in soil water, more air is present in 
the pore spaces if there is no water there. Air, particularly oxygen, is neces
sary for a variety of life in the soil, including plant roots. If the soil is so 
flooded or submerged that all the pore spaces are filled with water, plants 
will suffocate. If this flooded condition persists, plants die and the soil 
remains poor for maintaining life. Since aeration is dependent on the num
ber of total pore spaces, compact soils or fine-textured soils are usually 
poorly aerated. Plant growth is unsatisfactory in these soils because of poor 
root respiration and low absorption of nutrients by the plants. 

8.1.5 Soil reaction 

Degree of acidity or alkalinity is called soil reaction. Soil reaction is of great 
significance because it determines the availability and toxicity of plant nutri
ents and in turn the growth of crops and microorganisms. The preference of 
a given plant type may be for acidic, alkaline, or neutral soils, possibly 
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because of certain physiological characteristics of the plants or their sensitivi
ty to the degree of avaihtbility of certain mineral elements. 

The numerical expression of soil reaction is called soil pH. The pH 
value reflects the relative quantity of hydrogen ions in the soil solution. The 
more hydrogen ions present relative to hydroxyl ions, the more acidic the 
soil solution is, and the lower the pH value. A pH value of 7 is neutral, and 
above this level is basic. The pH of productive soils ranges between 4.0 and 
8.5, but most of the agricultural soils of Pakistan are alkaline in reaction, 
falling within a range of 7-8.5. Figure 8.1 diagrams the relation of soil pH 
to the availability of plant nutrients. 

Some soils have pH as high as 10, which indicates a problem of sodicity. 
Sodic soils have high levels of alkalis, particularly sodium hydroxide, and are 
also sometimes called alkali soils. They are black in colour because of 
accumulated organic matter, and are considered most difficult to reclaim. 
There is another class of soils known as saline soils. These soils contain 
harmful quantities of chlorid(!s, sulphates, and carbonates of sodium, potassi
um, calcium, and magnesium. 

Acidic and saline soils are suitable for some horticultural plants. The 
differential degrees of tolerance of variou~ plants to various pH levels is 
exploited for agricultural purposes. Tolerance is variable within species of 
the same genus, and even within varieties of the same crop. Date palm and 
olives are highly tolerant to acidity as well as alkalinity of soils. Ranges of 
tolerance of some horticultural plants are given in Table 8.1. 

Table 8.1 Range of tolerance to soil reaction of some horticultural plants 
Type of plant pH range of tolerance Optimum pH range 
Pome and stone frUits 3.5=8.5 5.5=6.5 
Citrus fruits 4.0-9.7 4.5-7.0 
Strawberries 4.5-8.5 5.0-6.0 
Guava 4.2-8.2 6.5-7.5 
Mango 6.5-8.4 6.5-7.5 
Cabbage, cauliflower (cole 5.5-8.5 6.0-6.5 
crops) 
Cucumbers 4.5-8.8 5.5-6.8 
Muskmelons 5.5-8.5 6.0-7.0 
Watermelons 5.0-8.5 5.5-6.8 
Potatoes 5.5-8.2 6.0-6.5 
Sweet potatoes 4.5-8.9 5.2-6.7 
Peppers 4.5-8.8 5.5-7.0 
Lettuce 5.2-8.5 5.5-7.0 
Onions 4.5-8.7 6.0-6.5 
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,Type of plant 
Chrysanthemums 
Carnations 

pH range of tolerance 

5.0:8.5 
5.5-8.2 

Source: Data from vadou~ sources. 

8.2 Organic matter 

Optimum pH range 

5.5"""6.5 
6.0-7.0 

The maintenance of soil fertility is of prime importance in commercial 
agriculture. The organic matter present in the soil is originally derived 
almost entirely from green plants grown on the soil. When crop plants are 
grown, a portion or all of the plant can be returned to the soil, replenishing 
its organic matter. After a crop is harvested the roots decay in the soil 
adding organic matter. When the entire plant is returned to the soil, the 
process is called green manuring. Plant material after passing through 
animals may be returned to the soil as farmyard manure. The organic matter 
then decomposes and in turn supplies the soil with minerals important for 
its fertility. 

The rate of decomposition of organic matter is generally affected by soil 
temperature, humidity, and aeration conditions. That is why at the same 
temperature clayey soils have more organic matter than sandy soils or sandy 
loams. There is usually more organic matter in the soils of the temperate 
zone than of the tropical and subtropical regions. The decomposed products 
of organic matter give soils their dark brown and black colour. The product 
which gives soil a black colour is called humus. 

8.2.1 Importance of c;nganic matter 

Organic matter is usually a complete food component for plants. It is ex
tremely important for horticultural plants, annuals, perenaials, and tree 
fruits. Since organic matter decomposes rapidly under warm conditions like 
those in Pakistan, frequent supplements are necessary to maintain and get 
good yields from orchard soils. Since it has a low specific weight and a very 
high surface area, a small percentage of organic matter in mineral soils 
exerts a significant effect on the structure, water absorption, water-holding 
capacity, cation exchange capacity, and aeration of soil. 

8.2.2 Effect on structure 

The addition of organic matter provides material from which microorgan
isms produce vital compounds such as gums and resins, and make minerals 
available. These products play an important role in building soil structure 
and increasing the size of soil particles by cementing small particles together 
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to form larger aggregates. This process improves soil structure, enlarging 
pore spaces and improving the aeration of the soil. 

8.2.3 Water-absorptlon capacity 

Organic matter possesses a large surface area in proportion to its weight 
(low specific weight), and it is hydrophilic. Thus it has great ability to absorb 
water. Incompletely decomposed organic matter (humus) has about four 
times the water-holding capacity of a body of clay colloid of the same size. 
Addition of organic matter to the soil in orchards has been found helpful for 
fruit trees, particularly during drought conditions. Annual horticultural 
crops, which have shallow root systems, suffer less water stress if there is a 
sufficient amount of organic matter in the soil. 

8.2.4 Cation exchange capacity 

Cation exchange capacity is one of the most important chemical properties 
of soils, and is usually closely related to soil fertility. It is defined as the 
quantity of exchangeable cations expressed in miIliequivalents per 100 g of 
soil (Saleem et al. 1986:49). As a general rule, soils with large amounts of 
clay and organic mater will have higher exchange capacities than sandy soils 
and soils low in organic matter. 

Ion exchange takes place in two stages: cation exchange between soil 
colloids and soil solution, and cation exchange between soil solution and the 
plant root. The important cations held on soil particles are H+, Ca++, 
Mg++, K+, Na+, and in smaller amounts NH+, Mn++, Zn++, eu++, and 
Al+++ with different binding forces. 

Organic matter with colloidal clay will make a humus-day colloidal 
complex whose particles have negative charge. The particles have a large 
surface area; they attract cations and maintain a large quantity of essential 
ions in available form. Since these ions are not free in the soil solution, they 
are not subject to leaching. 

8.2.5 Sources of organic matter 

Farmyard manure (FYM). Farmyard manure includes mainly dung of dairy 
cattle, droppings of poultry, and animal litter. Until now, it has been the 
main source of organic matter in Pakistan for the supply of essential miner
als needed by plants. Heavy applications of organic matter are required for 
successful production of fruits and vegetables. Some studies of citrus (Anon. 
1937-38) have indicated improved health of the trees, and better fruit 
quality and yield. Applicatiofl\,of 6-8 tons per acre of FYM is recommended 
to increase vegetable yields (Ali 1962). Now, combined application with 
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commercial fertilizers is preferred in order to assure prompt supply of 
nutrients and increased production of fruit and vegetables. 

The use of FYM is decreasing because sufficient quantities are not 
easily available. Transport of FYM is another factor which adds to the cost 
of crop production, while the nutrients available per unit value are far less 
than in commercial fertilizers. Moreover, with the advent of mechanised 
agricultural operations, the number of cattle has decreased, thus reducing 
the production and availability of farmyard manures. Higher cropping inten
sity and higher cost of FYM have decreased the quantity used per crop. 

City sweepings. This source of organic matter is gaining importance, 
particularly in agricultural lands around the big cities. It is considered a 
satisfactory replacement of FYM as it is also a rich source of essential 
-minerals. The continuous use of city sweepings enhances the humus content 
of soils. However, some problems faced by the growers are the numerous 
plastic bags and broken glass which require additional expense to clear the 
soil. City sweepings include animal stools, human excreta, remains of fruit 
and vegetables, and other litter. This material contains a variety of organic 
matter which is in different phases of decomposition and thus supplies rich 
and prolonged nutrition to plants. 

Sewage manure. This is obtained while cleaning sewers and storm 
water drains of big cities. The material is rich in major elements but may 
also contain harmful heavy metals. The use of sewage manure is gaining 

. popularity in vegetable and ornamental plant production. Some research has 
reccntly been conducted on citrus fruit using sewage in combination with 
commercial fertilizers. These experiments have shown good results (Rafiq 
1980). The composition of sewage manure is given in Table 8.2. 

Sludge water. Sludge water was in use for irrigation and manuring by 
the Greeks in ancient times, and is still used in many countries of the world. 
In Pakistan, sludge water has been in use for a long time for the production 
of vegetables, particularly near the big cities. This water contains human 
urine, feces, and mud dredged from city drains during cleaning, and other 
constituents. It has very high manuring value, containing 4 ppm nitrogen and 
10 ppm phosphorus. Of the N, 60 percent is in the form of ammonium. It 
is a cheap source of irrigation water which also supplies manurial compo
nents to the plants. Vegetables grown with sludge water are higher in pro
tein and ash content than those grown with canal water. The quality of 
protein, however, is poor (Yaqub 1986). The presence in sludge water of 
large quantities of heavy metals is also a matter of concern. 

Livestock slurries. Fresh dung and urine combined is called slurry. In 
some countries it is commercially prepared by adding water to animal dung 
and urine. The P and K content of slurries varies widely, depending upon 
the type of animal and the feed they eat, but their N content is almost the 
same. Unlike manures, where most of the N occurs in organic form, slurries 
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contain about half of it as NH4 - N, which is readily available to plants, and 
the other half as organic nitrogen. NH4 - N is susceptible to volatilization, 
particularly if the slurries are applied on sunny days and not incorporated 
into the soil promptly. The dairy farmers of Pakistan are planning to prepare 
slurries on a commercial scale. 

Green manures. The value of green manuring was known even by 
ancient peoples, who used to grow <;l crop of legumes before other main 
crops. The ploughing in of legume crops is well understood and practiced. 
It is the most economical means of increasing organic matter content in the 
soil. Green manuring is a good tool to improve the texture of sandy and 
clayey soils and to enhance the productivity of poor soils. Ploughing in a 
legume crop is often recommended before laying out an orchard, while 
afterwards cover ~mps, intercrops, sods, and weeds contribute a great deal 
to increasing organic matter. 

Clean cultivation of commercial orchards is often recommended, but a 
complete ban on intercrops may cause nutritional problems by reducing 
organic matter content. Therefore, cover crops or sods are commonly used 
to prevent erosion and to add organic matter. These cover crops may com
pete with the trees for food and water, but their restricted cultivation proves 
useful in the long run. Some crops commonly raised for green manuring are 
guar, sunhemp, daincha, jantar, vetch, and sometimes berseem. These are 
ploughed in when still tender or before flowering so that they will decom
pose rapidly. The amount of nitrogen fixed by these green-manuring crops 
varies from 70-100 kglha (Akhtar 1989). . 

Leaf manures or tree shavings. Leaf manure is an important compo
nent in preparing the soil fOf nursery raising of vegetables and ornamentals 
and for filling pots. Plant propagation media are also prepared by mixing 
soil and leaf manures in appropriate proportions. Wood shavings or sawdust 
are rarely used in propagation media in our country, but the author has seen 
some people mixing the acacia bark left in tanneries with soil. It appears to 
be quite useful for indoor permanent plants. 

Analysis of organic matter. Many types of organic matter are incor
porated into soils. These range from straw to FYM. Straw has a high C:N 
ratio (80:1), and discharges a lot of CO2, adding little to the fertility of the 
soil. FYM has a comparatively lower C:N ratio (10:1) and hence is more 
useful in enriching the soils. Besides NPK, manures contain all other essen
tial elements. The content of manures may vary depending upon the feed, 
bedding, and the individual animal. It is known that if all the mineral re
quirements of the crop are supplied through FYM or other sources of 
organic matter, horticultural crops are much healthier, and higher and better 
quality yields are obtained. For this purpose, data on the composition of 
various organic manures is required. Composition of some organic matter 
sources is given in Table 8.2. 
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Table 8.2 Mean composition of manures and crop residues 
% (oven-dried basis) 

Material N P K Reference 
1. Animal and human excreta 

Buffalo dung 1.23 0.55 0.69 Misra and Hesse (1986) 
Buffalo urine 2.05 0.01 3.78 
Cattle dung 1.91 0.56 1.40 
Cattle urine 9.74 0.05 7.78 
Sheep dung 1.87 0.79 0.92 
Sheep urine 9.90 0.10 12.31 " 
Human feces 7.24 1.72 2.41 
Human urine 17.14 1.57 4.86 
Hen droppings 4.00 1.26 0.68 " 

2. Farmyard manure 0.80 0.21 0.68 Benne et al. (1966), 
Rafiq (1980) 

3. Sewage manure .52 
4. Green manures 

Daincha 3.2 Akhtar (1989) 
Sun hemp 2.4 
Guar 4 

5. Crop residues 
Wheat straw 0.49 0.11 1.06 Misra and Hesse (1986) 
Rice straw 0.58 0.10 1.38 

8.2.6 Application 

Pakistan's soils are generally low in organic matter, most of them containing 
less than 1 percent (Kausar et al. 1979). This low organic matter content is 
probably'due to the high annual temperatures, and repeated application of 
organic matter to orchards is necessary. These manures are aoplied during 
the winter so that the nutrients can become available by the following spring, 
the blooming and sprouting season. The manure is spread around the trees 
up to the drip line. Two to three feet around the main stem of fruiting trees 
is left bare, so that the manure does not damage the stem. 

For commercial vegetable production, application of adequate amounts 
of FYM is emphatically recommended. Since most vegetable crops are 
annual and have smaller root systems than trees, organic manures ensure 
against water stress in addition to supplying balanced nutrition. Yield and 
quality of vegetables are reported to be better with organic manures than 
with either chemical fertilizers or no treatment because of continuous slow 
release of the elements. The manure is applied and mixed well during soil 
preparation. 
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Annual and perennial flowers like roses supplied with FYM produce 
large and beautiful blooms . 

. 8.2.7 Handling of organic matter 

Fresh FYM should not be applied to fmit trees or other horticultural crops. 
It contains organically bound elements which are not available to plants until 
after decomposition. Fresh manures may have a negative impact on the 
health of trees due to competition for nitrogen between the decomposing 
bacteria and the plants. Therefore FYM should first be stored for about a 
year in pits about a metre deep and then transported to the field. The pits 
should preferably be brick lined to avoid any wastage of minerals through 
leaching. Addition of an appropriate quantity of nitrogenous fertilizer to the 
pits will enhance the speed of decomposition. Deep pits are not considered 
good because there is not enough air in them for speedy decomposition, and 
in deep pits the manure at the bottom remains undecomposed. The decom
posed manures are shifted to the fields, generally during soil preparation for 
vegetables, and in December and January for' orchards. 

In Pakistan, much of the animal feces is made into dung cakes for fuel, 
and few farmers store even the leftover properly. Animal feces, a major 

, component of farmyard manureS, is heaped in the outskirts of villages open 
to wind and rain, which wash away the components of these slowly decom
posing manures. City sweepings are handled in about the same way. They 
are either taken directly to the fields or are heaped in open places outside 
the cities. Thus the nutrients are wasted and a problem of sanitation and 
unhygienic conditions is created for the citizens. 

8.3 Chemical fertilizers 

The rapid increase in human population and depletion of natural resources 
of cultivated lands has prompted the use of chemical fertilizer to replenish 
the soils and to increase crop yields per unit area. These chemical fertilizers 
supply the same essential elements as organic matter, but unlike organic 
manures, with chemical fertilizers the supply of nutrients to the crop is 
immediate and effects are observed soon after application. The use of 
fertilizers in Pakistan was introduced in 1958 with FAO assistance, and it is 
on the increase every year. NPK is generally applied artificiallY in the form 
of fertilizer, nitrogenous fertilizers being the most frequently used. 

Sixteen elements have been found essential for the growth and develop
ment of plants. These elements are carbon (C), hydrogen (H), oxygen (0), 
nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium 
(Mg), and sulphur (S), which are used by plants in relatively large quantiries 
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and hence are called major elements; and iron (Fe), zinc (Zn), manganese 
(Mu), boron (B), copper (Cu), molybdenum (Mo), and chlorine (Cl), which 
are used by plants in smaller quantities and are called minor or trace ele
ments. Of these, C and 0 are available from the atmosphere: C from 
atmospheric CO2 through photosynthesis, and 0 through the process of 
respiration. Hydrogen is obtained from water as a result of photolysis during 
photosynthesis. All of the other elements are mostly absorbed by plant roots 
from the soil unless otherwise applied to the leaves in foliar sprays. 

8.3.1 Determination of need of the elements 

Scientists have been conducting experiments all over the world to ascertain 
the nutritional and fertilizer requirements of crops. Some basic methods 
used to determine plant requirements of various elements are field trials, pot 
culture, soil analysis, plant analysis, and visual diagnostic. methods. 

Field trials. These are conducted by applying measured amounts of 
various nutrients to planted soil and directly observing the harmful or bene
ficial effects of the treatments. This method is practical and represents the 
ultimate test to which the findings of other methods are compared. Field 
trials provide quantitative relationships between nutrients and yields. Howev
er, the impact of similar trials may be different in various localities. These 
trials require considerable time and resources. 

Pot culture. This method is an attempt to overcome the wide range of 
variation in soils, and the other difficulties of field trials. The two common 
techniques are solution culture, hydroponics, and sand or gravel culture. In 
pot culture, the composition of the nutrient medium is known exactly and 
can be changed at will. A formulation of nutrients for hydroponics in pots 
was suggested by Hoagland and Arnon (1950). These methods are used for 
studying deficiency symptoms and the role of various elements in plants, but 
the results of these experiments must be verified. 

Soil analysis. Soil is the major source of mineral nutrients to plants. 
The results of chemical analysis may give guidance about potential suppiies 
of nutrients, but they may also be misleading because of factors like solubili
ty, availability, and absorption. Elements may be present in sufficient quanti
ty but unavailable to plants because of the chemical reaction, i.e. pH ofthe 
soil. Soil potential is also tested using biological methods, that is by growing 
plants in a given amount of soil and comparing their nutrient composition 
to that of the same plants grown in pure sand. 

Plant analysis. Since 1920, plant analysis as a source of information 
about the nutrient status of plants has gained much favour. As a result of 
many years of pot culture and field experiments, certain guidelines about 
how the variables involved in sampling are related to the results have 
evolved. These variables include the organ to be ~nalysed, e.g. leaf blades, 
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leaf petioles, or stem; the age of the organ; and the time and frequency of 
sampling. If these variables are considered, a reliable guide for nutrient need 
can be obtained. For example, with apples, mid-terminal leaves sampled in 
mid-summer give the best nutrient content data. With vines, the third leaf 
from the base of the terminal shoot is taken. For citrus, four to seven 
month:-<>ld leaves from bearing or non-bearing terminals in early spring and 
in autumn are helpful in determining the appropriate nutrient status and 
requirements of the trees. Some other factors which induce variation are 
rootstocks, cultivar, previous fertilization, rainfall, crop load, and the spray 
programme. Before making any recommendation, these factors should also 
be taken into consideration. 

Critical nutrient levels for a number of tree fruits have been proposed, 
and comparing them with the determined nutrient status enables an appro
priate fertilizer programme for the particular orchards to be developed. 

Visual methods of diagnosis. In this method nutritional requirements 
are determined by recognizing specific symptoms which appear when one or 
two elements are insufficient for healthy plant growth. Deficiency of anyone 
element will result in abnormal growth and development, often appearing 
as chlorosis or necrosis of leaves. It requires skill and experience to identify 
and differentiate the symptoms of specific deficiencies, because deficiencies 
of different elements may manifest quite similar symptoms. Sometimes insect 
or disease attacks further complicate the identification. Also, it is often too 
late to treat deficient trees when they show deficiency symptoms because by 
then significant damage has already occurred. 

8.3.2 Essential elements 

An element is considered essential if deficiency of it makes it impossible for 
a plant to complete satisfactory vegetative and reproductive growth. The role 
of each essential element and its deficiency symptoms are specific. Defi
ciency can only be remedied by addition of the specific element required. 

1. Nitrogen. Nitrogen is one of the most widely distributed elements in 
nature, constituting 78 percent of the atmosphere. Even then, it is the ele
ment most often deficient for crop production and the one most frequently 
applied to plants. There is hardly any plant which does not respond to the 
addition of this element. Nitrogen is, however, not available to plants unless 
fixed; available N is mostly in the forms of nitrate (N03) and ammonium 
(NH4). Biologically fIXed N is the main N-source for plants. Biological 
fIXation of atmospheric N is accomplished by bacteria working in the root 
nodules of legume crops (Rhizobium [symbiotic], Azotobacter [free living]), 
and blue-green algae. Gradual decomposition of soil organic matter is 
another source of N. An important though quantitatively smaller source is 
the artificial supply of nitrogenous fertilizer to cultivated crops. 
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ROLE IN PLANTS. Nitrogen is a part of the chlorophyll molecule, amino 
acids, proteins, nucleic acid, and pigments. Normal metabolic processes can 
continue only in the presence of an optimum level of N. Leaves, being meta
bolically most active, contain the highest level of N, which ranges from 2-4.5 
percent, followed by roots, stem, and fruit. Fruiting spurs of apple have a 
higher N-<:ontent than non-fruiting, but fruiting terminals of citrus usually 
contain less N than non-fruiting terminals. Nitrogen is most needed during 
the blooming period, to mobilise the processes of flower opening, fruit 
setting, and fruit development. Reserve N moves from other parts like the 
bark into the leaves during the blooming season. 

DEFICIENCY SYMPTOMS. The addition of N enhances vegetative growth, and 
its deficiency leads to low production, stunted growth, and small yellow 
leaves. Nitrogen is mobile in the plant, and deficiency symptoms appear in 
older leaves first. Citrus trees with a low N-level shed their leaves excessive
ly during winter causing a heavy setback to fruiting during the .following 
spring. Other perennials low in nitrogen, particularly deciduous trees, shed 
their leaves early in autumn. 

Heavy application of N promotes luxuriant and succulent growth in 
some trees, while in others like citrus it sometimes causes heavy production 
of small, low market-value fruits. Delayed ripening and poor post-harvest 
life is also reported in apples and other crops. With some leafy vegetables 
where succulence is important, heavy N-applications increase the value of 
the crop. 

NITROGEN CYCLE. Nitrogen disappears from the soil through leaching, crop 
removal, volatilization, and runoff; and is added through biological fixation, 
organic matter, and artificial fertilizers. It is hence in a state of constant 
change which is referred to as the nitrogen cycle. 

Rhizobium, the symbiotic bacteria which reside in the root nodules of 
leguminous crops like peas and beans, fix free elemental nitrogen from the 
atmosphere into NH4, which is available to crops after the bacteria die. The 
process is called biological nitrogen fixation. 

Organic matter-manures and plant residues-releaseN as NH4 after 
decomposition. This NH4 may be absorbed by some plants as such but is 
generally nitrified through a bacterial process to N03, the form generally 
preferred for uptake. Some chemical fertilizers like urea, ammonium sul
phate, and ammonium nitrate are also important sources of additional N. 
Urea may also be absorbed by plants directly when sprayed on the foliage, 
but when added to the soil it is nitrified in a series of microbial actions. 

Nitrogen is lost from the soil in various ways. It is depleted through 
uptake by plants and by leaching and erosion. A significant amount of 
nitrogen is lost when N03 is denitrified to gaseous forms as N2, N20, or NO 
under anaerobic conditions. NH3 is also lost during hydrolysis of urea if it 



270 Muhammad Ibrahim Chaudhary 

is applied to bare soils. Urea (NH2CONHz) hydrolyses to ammonium car
bonate [(NH4hC03)] very quickly when added to the soil. Ammonium 
carbonate is an unstable compound and decomposes to ammonia and carbon 
dioxide. The NH3 or NH4 so released is adsorbed by the colloidal fraction 
of the soil and subsequently nitrified. 

2. Phosphorus. Phosphorus is a major essential plant nutrient. It exists 
in nature mainly as rock phosphate, which is unavailable to plants. It is 
mined and later converted to available forms of phosphate fertilizer by 
treatment with sulphuric acid or phosphoric acid. 

i. Ca3(P04h + 2H2S04 ----+. Ca(H2P04h + 2CaS04 

Rock + Sulphuric Monocalcium + Gypsum 
Phosphate acid Phosphate 

11. Ca3(P04h + 4H3P04 • 3Ca(HzP04h 

Rock + Phosphoric Monocalcium 
Phosphate acid Phosphate 

In the first reaction single superphosphate is formed, which is a mixture 
of monocalcium phosphate and calcium sulphate (gypsum). In the second 
reaction only. monocalcium phosphate is formed. The product is called 
double or triple superphosphate. Plants absorb this element principally in 
the forms of primary orthophosphate (HZP04) and secondary orthophos
phate (HP04). Of these ions, HZP04 is absorbed better because of its 
greater solubility. 

The relative amounts of HZP04 and HP04 in the soil solution and their 
absorption by plants is affected by the soil pH. In highly acidic soil (pH 
lower than 5), P is fixed and not available to plants. In moderately acidic to 
neutral soil (pH 5-5.7), more H2P04 ions are absorbed, while at soil pH of 
7.1-8, absorption of H2P04 and HP04 ions is approximately equal. At pH 
higher than 8, only HP04 ions are absorbed by plants. However, the move
ment of phosphate ions in the soil is very slow and the element stays within 
the root zone for a long time even if it is not replenished repeatedly. 

ROLE IN PLANTS. Phosphorus is an essential element required in the forma
tion of ATP (adenosine triphosphate), and is extremely important in plant 
metabolism. It is also part of nucleic acids, DNA (deoxyribonucleic acid), 
RNA (ribonucleic acid), phospholipids, and co-enzyme NADP (nicotinamide 
adenine dinucleotide phosphate). Phosphorous levels in plant tissue range 
from .05-1.0%. Phosphorus levels are higher in seeds and lower in leaves 
and roots. An optimum range of phosphorus in the leaves of horticultural 
plants is .1.0-.15%. It hastens maturity in tuber crops like potatoes and seed 
crops like peas and beans, and improves the quality of citrus fruits and 
apples. It hastens t10wering in tomatoes. 
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DEFICIENCY SYMPTOMS. Phosphorus is a mobile element, and hence older 
leaves suffer first from P-deficiency and drop excessively. Growth in phos
phorus-deficient plants is retarded. In early summer the leaves look 
dark-green, but in late autumn in some crops they look purplish because of 
the accumulation of carbohydrates which are not utilized and transported. 
Leaves of deciduous trees tend to be narrower and oblong. Branches may 
terminate to verticillate whorls. Fruit become soft prior to maturity, and 
yield is reduced: With citrus fruit, the rind is coarser and thicker than nor
mal; acidity is increased and juice is decreased. In apples, fruit ripe I) early, 
and are apt to become brown internally. Small-sized fruit and premature 
fruit drops are common. 

3. Potassium. Potassium is the third important major element. Howev
er, it is not a part of any organic compound in the plant; hence it is soon 
released after plant death. Organic matter is therefore a poor source of 
potassium. In soil, the total content of this element is usually higher than 
that of Nand P, but the forms in which it exists are not readily available to 
plants. Potassium applied as fertilizer is available slowly and is not easily 
leached from the soil as its movement downward is very slow, ranging from 
3-5 cm per year. 

Plants absorb potassium in elemental form K+. It can move within the 
plant and travels from regions of excess or older tissues to regions of defi
ciency or younger tissues. In plants it occurs in larger quantities than phos
phorus. The optimum range in horticultural plants is 1.0-2.0% (Forshey 
1969; Jones and Embleton 1969). It is expressed usually as K20, which can 
be converted to elemental percentage in a fertilizer by mUltiplying by .83. 

ROLE IN PLANTS. Unlike N, P, and several other elements, K does not form 
an integral part of organic plant components like protoplasm, fats, proteins, 
and cellulose. Its functions appear to be catalytic. It is considered essential 
in photosynthesis, sugar translocation, nitrogen metabolism and protein 
synthesis, enzyme activation, stomatal movement, water relations, and pro-
motion of the growtp of meristematic tissue. , 

Potassium improves the quality and storage lif; of fruits like peaches, 
pineapples, grapes, and apples; ensures uniform ripening in tomatoes and 
apples; and increases acidity in pineapples and citrus fruit. Adequate potassi
um improves the size and quality of potato tubers. 

DEFICIENCY SYMPTOMS. Since potassium is a mobile element, deficiency 
symptoms are manifested in older leaves first. Deficient leaves develop 
chlorosis or spotting on the margins, starting from the tips and advancing 
towards the centre givir.g an inverted 'V'-shape appearance. At later stages 
the leaves develop necrosis. Carbohydrates and nitrogen compounds are 
accumulated because of failure of translocation. Rolling, cupping, and 
curling of the leaves and distortion of the mid-rib are common in deciduous 



272 Muhammad Ibrahim Chaudhary 

fruits. Citrus fruits develop thin skins and increased acidity, and turn colour 
sooner. K-deficient potatoes produce poor quality potato chips. 

4. Calcium. Calcium constitutes from 0.5-5.0% of plant dry matter. 
These high levels of Ca in tissue are mainly due to its high level in the soil 
solution rather than to efficiency of root uptake. The Ca concentration of 
the soil solution is about ten times greater than that of K, while the uptake 
rate of Ca is usually lower than that of K. Of the inorganic elements, Ca is 
found in the highest quantity in all plant organs except fruit, where the K 
level is higher. 

ROLE IN PLANTS. Calcium is required for cell division and elongation. It 
precipitates as calcium pectate in cell-wall structures and in the middle 
lamella, and makes a cementing layer between the cells. As calcium pectate, 
it is immobilized and is not available for reuse elsewhere in the plant; hence 
a continuous supply is essential. It also acts as an activator of enzymes like 
amylases and A TP-ases. 

DEFlCIENCY SYMPTOMS. The necessity of Ca for plant growth can be ob
served by growing plants in solutions without it. Ca-deficient plants show 
stunted growth. The apical buds disintegrate and secrete a weakly gummy 
fluid. The root tips become brown and gradually die. In horticultural crops, 
some physiological disorders like blossom-end rot in tomatoes and capsicum 
pepper, black-heart in celery, and bitter-pit in apples are also due to Ca 
deficiency. Yellowing and distortion of leaves often showing a hook at the 
tip are common, and in severe cases the margins of the leaves turn brown. 

S. Magnesium. Magnesium is required by plants in a range from .1-.4% 
dry weight. The optimum range in the leaves of most horticultural plants is 
.2-.25%. Magnesium is found in smaller quantities in the soil than Ca and 
K. There is more exchangeable Mg than K, but much less than Ca. Normally 
4-20% of the cation exchange capacity is constituted by Mg, and 80% and 
4% by Ca and K, respectively. If a soil is low in Mg and high doses of either 
K or Ca are added, Mg-deficiency vodll be induced. Also, at higher pH, Mg 
is normally unavailable and deficiency is induced. Magnesium is also more 
often deficient in sandy soils than in fine-textured clay soils because it is 
rapidly leached. 

ROLE IN PLANTS. The main function of Mg in plants is in the formation of 
chlorophyll. The chlorophyll molecule contains Mg as its central component, 
however, it also has other functions. Magnesium fertilization increases the 
sugar content of beets and vitamin content of potatoes. Increase of some 
vital amino acids in some plants is also observed when Mg is added. 

DEFICIENCY SYMPTOMS. When Mg is deficient in plants the symptoms 
appear on the lower or older leaves. This indicates that Mg is not completely 
flxCd in plants but is mobile and can be reused. Since Mg is a part of the 
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chlorophyll molecule, a deficiency of it induces chlorosis of various appear
ance on leaves. In cabbage a crimson reddish colour develops; in potatoes, 
orange-yellow; in cabbage, cauliflower, and turnips, dead spots appear 
between the veins. Under Mg-deficiency conditions, the germination rate of 
peas is reduced. 

Fruit trees generally need relatively small quantities of Mg, but deficien
cy causes excessive pre-harvest drop in apples in addition to leaf chlorosis. 

,Peach leaves show marginal chlorosis and interveinal spotting; and grapes 
and citrus fruits show frenching or interveinal chlorosis. Fruit yields are 
reduced and alternate bearing is more pronounced, particularly in the seedy 
varieties of Citrus. 

6. Sulphur. Sulphur has generally been thought to be adequate in most 
soils to meet plant requirements. Since S02 gas is present in the air, soils 
repeatedly get some sulphur from rain water. The presence of S in the soil 
lowers pH and enhances the availability of several elements. Plants absorb 
it from the soil generally as sulphates, which are mobile in plants. S02 is 
also readily absorbed from the air by plant leaves; this process contributes 
30--40% of plant needs, and near factories possibly even more. 

ROLE IN PLANTS. Sulphur has not been as extensively studied as other major 
elements. It appears essential in the synthesis of chlorophyll although it is 
not part of it. It is a component of the amino acids methionine, cysteine, and 
cystine, hence plays a part in the synthesis of proteins. It is present in onions 
as allyl sulphate, a volatile compound which gives pungency and the charac
teristic flavour to cabbage and other crucifers. It ranges in plants from 
.1-.8% with a normal range of .2-.4% in mature leaves. 

DEFICIENCY SYMPTOMS. There are no sharply defined deficiency symptoms 
of sulphur in plants. In general the plants turn light-green or yellow, but 
even under severe deficiency the leaves do not die. The veins of the leaves 
become greener than the tissue between the veins, but in some plants, e.g. 
turnips and tomatoes, a marked redness develops in the lower leaves starting 
in the leaf vein and spreading to the area between the veins. In citrus, 
besides the leaves yellowing, the fruit fails to develop its normal colour, juice 
content is reduced, and the rind thickens. Sulphur deficiency normally 
develops in the leaves of the upper branches, which indicates that it is not 
readily transferred from one part of the plant to another. 

8.3.3 Minor elements 

Several mineral elements are essential for a plant to complete both vegeta
tive and reproductive phases successfully, but are required.in very small 
quantities. These are iron, zinc, manganese, boron, copper, molybdenum, 
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and chlorine. Their occurrence, functions, and deficiency symptoms are as 
follows. 

1. Iron. The normal iron content of plants ranges from 100-1500 ppm. 
It is generally higher in leafy vegetables like spinach and lettuce, where 
500-1200 ppm is the norm. In tree fruit it is generally within a range of 
40-100 ppm. It is less available under alkaline soil conditions. Deficiency of 
iron is corrected by soil application of iron chelates like Fe-ethylene dia
mine tetra-acetic acid (EDTA), through foliar application of iron salts like 
ferrous sulphate, or even by driving nails into the trunks of trees. 

ROLE IN PLANTS. Iron acts as a catalyst in the production of chlorophyll. It 
is important in respiration, affecting the iron-porphyrin protein complex 
which acts as an oxygen carrier and activator of oxygen in the plant. Iron is 
essential in the young growing parts of the plants. 

DEFICIENCY SYMPTOMS. Deficiency symptoms first appear on new growing 
leaves, which indicates that iron is immobile in the plant. The symptoms are 
specific and can easily be diagnosed. In the beginning the leaf colour turns 
pale. The next stage is yellowing between the veins of the leaves, leaving the 
veins green. In severe conditions, new leaves are completely yellow or even 
pure white. The leaves remain smaller than normal; the growing points may 
also die; and growth is stunted. 

2. Zinc. This element ranges from 5-100 ppm of the dry weight of 
plants. An optimum range of zinc is reported to be from 20-40 ppm in 
mature leaves. Zinc is absorbed as Zn + + by plants and is an immobile 
element, hence deficiency symptoms are first manifested by new leaves. 

ROLE IN PLANTS. Zinc appears not to be combined in any organic com
pound, but its presence is observed to affect a number of processes in plants. 
Optimum amounts of Zn help to maintain a full complement of chloroplasts. 
It is necessary for the formation of tryptophane, the precursor of indoleace
tic acid (IAA). It is a component of enzymes like RNAase, which regulates 
the formation of RNA, glyco--glycine dipeptidase necessary for the formation 
of protein, and the dehydrogenase "equircd for glycolysis. 

DEFICIENCY SYMPTOMS. Zinc deficiency symptoms are widespread, particu
larly in citrus and apples. Deficient leaves of tree fruits are easily identified 
bY their characteristic interveinal chlorosis, small leaves, the rosette forma
tion which results from insufficient synthesis of !AA, and short internodes. 
A higher than normal proportion of male flowers in some citrus cultivars is 
also attributed to Zn deficiency. In severely deficient cases, peas and beans 
produce only small seedless pods. Zinc deficiency may be corrected by foliar 
application of .3-.4% solution of zinc sulphate. 

3. Manganese. Manganese is essential, but under acidic soil conditions, 
where a large amount of this element is present in soil solution, it is 
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frequently toxic. It should have a range of 25-50 ppm in plant leaves for 
optimum functioning of the plant. 

ROLE IN PLANTS. Manganese assists in the formation of chlorophyll. It also 
functions in enzymes in oxidation-reduction reactions. Hence it is important 
in photosynthesis, respiration, and also in nitrogen assimilation. Manganese 
that has already been used by a plant is immobile. Therefore deficiency 
symptoms first appear on the youngest leaves. In general, the symptoms are 
yellowing between the veins of leaves while the veins remain green. In severe 
deficiency cases, complete yellowing and necrosis or dead areas appear on 
the leaves. Deficiency symptoms can be corrected by foliar spray of soluble 
manganese salts like manganese sulphate. 

4. Copper. Only a small amount of copper is required by plants. In 
general, a range of 6-10 ppm Cu in plant leaves is considered optimum. 
Copper in excess of plant requirements is seldom absorbed by the roots. In 
case less than the required amount is absorbed through the roots under high 
soil pH conditions, application of copper fungicides to orchard trees is 
considered sufficient to meet their copper needs. 

DEFICIENCY SYMPTOMS. Copper-deficiency symptoms, like those of some 
other trace elements, appear on fruit and younger leaves first, indicating its 
immobility in the plant. In fruit trees, gum pockets develop under the bark 
and stained spots on the bark of terminal twigs, and the leaves drop off. The 
twigs die back and in citrus the fruit frequently splits open and drops before 
maturity. Leaf size is reduced and sporadic necrotic areas are common. The 
leaves of deficient plants develop a dark colour and burnt or drying tips. 
Onion leaves fade to light green and the tips dry when they are 10-15 cm 
long. In tomatoes, cupping and rolling of leaves and development of fewer 
seeds is common. 

S. Boron. For most plants the optimum boron level in the leaves is 
around 25-30 ppm. Boron is seldom deficient in canal-irrigated areas. Boron 
content of up to 100 ppm has been found in the leaves of citrus fruits. 
Deficiency is first evidenced in younger leaves, indicating that the element 
is immobile. If deficiency occurs, it is corrected by soil or foliar applications 
of borax or boric acid solution. 

ROLE IN PLANTS. Boron is needed in cell-wall development, cell division, 
phloem development, and the movement of sugars. Its role in the germina
tion of pollen is well documented for Italian prunes and some other tree 
fruits. Boron spraying has increased fruit set and fruit yield many-fold in 
prunes, almonds, and grapes. 

DEFICIENCY SYMPTOMS. If boron is deficient, young growing cells (meristem) 
are discoloured, disrupted, and die; and the plants are stunted. Young leaves 
become brittle, thick, and discoloured. Flowering is suppressed, and few fruit 
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are set because of slow pollen-tube growth. In grapes, boron deficiency 
reduces stigmatic secretion. Corky core of apples, hard fruit of citrus, crack
ing of plums and avocadoes, gum deposits in the inner peel and excessive 
dropping in citrus, browning and hollow stem of cabbage and cauliflower, 
and internal black spots of beets are some commonly reported boron-defi
ciency symptoms. 

6. Molybdenum. Of all the essential elements, the requirement for 
molybdenum i~ the smallest. A concentration around 3 ppm is quite enough 
for healthy growth of plants. 

ROLE IN PLANTS. Molybdenum is essential in nitrogen metabolism. It is 
required for reduction of nitrates to ammonia, and plays an important stimu
lating role for nitrogen fixation by Rhizobium in legumes. It is also reported 
to enhance vitamin and amino acid content in plants. 

DEFICIENCY SYMPTOMS. There are some significant Mo-deficiency symp
toms, like whiptail of cauliflower, yellow spot between the veins and gum 
deposits on the lower leaf surface of citrus, and N-deficiency in peas and 
beans, Mo-deficient plants show nitrate accumulation in the leaves. Molyb
de~um deficiency, unlike that of other trace elements, occurs under acidic 
soil conditions. The symptoms appear on older leaves fir~t, which indicates 
that the element is mobile and moves from older leaves to yout;1ger leaves 
but does not reverse. ' ,_ 

7. Chlorine. Chlorine has recently been added to the list of essential 
elements. Its frequent presence in the soil, air, water, and fertilizer material 
usually prevents deficiency of this element. Around 100 ppm of Cl (dry 
weight of the leaves) suffices for the needs of plants. Excessive concentration 
of Cl may take place under higher soiI-chloride conditions, which in turn 
may prove toxic. It is abundantly available near the coasts and may be toxic 
to some plants there. Citrus trees having 280-440 ppm of chloride in their 
leaves may slowly decline and collapse. 

ROLE IN PLANTS. The exact functiol1(of chlorine is still unknown, but mango 
and coconut yields in India have been increased markedly by the application 
of common chlorine salts. It is quite essential for the growth and develop
ment of tomato and sugar beets. 

DEFICIENCY SYMPTOMS. Plants-which are deficient in chlorine show wilting, 
chlorosis, and death of tissues with leaf bronzing. 

8.3.4 Commercial fertilizers 

A substance containing one or more of the nutrient elements that can be 
absorbed by plants and promote their growth is called a fertilizer. These 
substances are being used everywhere in the world to increase the yield and 
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quality of crops. The use of fertilizers has started in Pakistan only recently. 
Nitrogenous fertilizer is the most widely used, followed by phosphatic and 
potassic. The average amount of fertilizers per acre used in Pakistan is still 
among the lowest in the world. It is around 63 kglha, which is just half of 
what is used in the USA and only 15% of that used in the Netherlands. 

The manufacture of fertilizer in Pakistan is increasing; urea, ammonium 
sulphates, calcium ammonium nitrate, single superphosphate, triple super
phosphate, and nitrophos are now being produced locally. A total of around 
three million tons of fertilizers per annum are manufactured in Pakistan, 
and an additional 781,000 tons are imported every year to meet the country's 
needs. There is, however, tremendous awareness among the growers of the 
need for more use of fertilizer, and it is anticipated that there will be further 
increase in its use in the years to come. 

Some of the locally manufactured fertilizers and their chemical composi
tions are listed in Table 8.3. 

Table 8.3 Nutrient percentage of some inorganic commercial fertilizers 
Percent nutrient 

Name of fertilizer N P20 S K20 

Urea 
Ammonium sulphate 
Calcium ammonium nitrate (CAN) 
Single superphosphate 
Triple superphosphate 
Nitrophos 
Potassium sulphate 

Source: Saleem et al. (1986:60). 

46 
21 
26 

23 

18-20 
45 
23 

50 

Method of application. Fertilizers are added to the soil or other grow
ing media to enhance their fertility and provide a prompt supply of nutrients 
to plants. This in turn improves the health and productivity of the crops. 
Horticultural crops particularly need additional fertilizer to enhance their 
production and improve the quality of the produce. It is important to deter
mine when, how, and in what quantity fertilizer should be applied to a 
particular crop. 

The method of application plays an important role in the optimum 
utilization of nutrients. Effort should always be made to improve the contact 
of the fertilizer with the plant roots to make it possible for the plant to use 
the maximum quantity of the fertilizer. Appropriate methods of application 
are decided keeping in view the type of crop, the season, the nature of the 
nutrients, and the extent of the plant's requirement. In general, there are 



278 Muhammad Ibrahim Chaudhary 

two methods of applying fertilizers: to the soil and through the leaves as a 
fohar spray. There are a number of methods of applying fertilizer to the soil. 

1. Banding 
a. With the seed 
b. Beside the seed 
c. Around the trees 

2. Broadcasting 
3. Along with irrigation (fertigation) 
4. Foliar spray 

BANDING. Fertilizers are banded with the seed to provide immediate contact 
with the emerging roots. However, the new roots of some crops, like peas 
and beans, are sensitive to direct contact, and are easily hurt if fertilizer is 
closely applied. Directly seeded onions, however, have been observed to 
respond excellently to this method of application under certain conditions. 
All N, P, and K may be supplied with beneficial effects using this method. 

Banding beside the seed is generally done at a distance of 5 cm from 
the seed. It gives excellent results with vegetable crops, particularly those 
raised in the winter season. The author has also observed good results with 
tomatoes, cucurbits, and okra. Banding of nitrogenous fertilizers provides a 
boost to young growing seedlings and increases early as well as total yield. 
With tree fruits, fertilizers are added in bands prepared at a distance of 
60 cm from the main trunk under the canopy. With large trees, two to three 
such bands are prepared at a distance of 30 cm from each other. A band for 
tree fruits should be about 10 cm wide and 5 cm deep. Mter the fertilizer 
is added, it is covered with soil. 

An important advantage of banding is that a smaller quantity of soil 
comes in contact with the fertilizer than in the broadcast method. Thus less 
fixation of the fertilizer elements takes place. This is particularly important 
for K and P which in some soils are easily fixed in a form that is unavailable 
to plants. It is also important for nitrogenous fertilizers, which are easily 
leached. Application close to the roots enhances the percentage of N ab
sorbed by the plants. 

BROADCASTING. In the broadcast method, fertilizer is spread uniformly on 
the soil surface and later ploughed in. This method raises the general fertili
ty level of the soil; it is very suitable for perennial plants like fruit trees with 
well established surface root systems. Broadcasting fertilizer under the 
canopy of trees and then working it in is the general method practiced by 
tree fruit growers. 

FERTIGATION. Fertilizers like the nitrogenous ones, which are needed fre
quently by plants, are also applied together with irrigation water. This is 
particularly feasible where water is pumped through a drip irrigation system 
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'in the field or in greenhouses. In some instances where the crop is closely 
planted, like onions, spinach, and lettuce, fertiliz~r material is placed along
side the source of water, which carries it to the field. Since nitrates immedi
ately leach down, while ammonium rapidly changes to nitrates and is then 
leached, these irrigations must be light to avoid leaching of nitrogen. 

FOLIAR SPRAY. Another method of applying fertilizer is through foliar appli
cations. The sprayed elements are readily absorbed through the stomata. 
Because of the large amounts of N, P, and K required by plants, foliar 
application of materials containing these elements cannot be' relied o.n, for 
full fertilization, but can be used as a supplement if needed. With the trace 
elements, foliar applications are particularly successful, especially when soil 
applications would result in fIxation of the element to an unavailable form. 
This is frequently true under high soil pH conditions where most of the 
minor elements except molybdenum are fixed. Under these conditions soil 
-application of these elements is only successful in chelate forms, where the 
element in question is released slowly and escapes fixation. Foliar applica
tions of iron, zinc, manganese, copper, boron, and molybdenum are general
ly done in the form of salts, more commonly on tree fruits or vines. 

The longer the nutrient solution remains on the leaf surface in the form 
of a fine film, the more efficient is nutrient uptake by the leaf tissue. Thus 
on hot clear days when foliar spray evaporates quickly, much of the salts 
accumulate on the leaf surface without being absorbed. Although dew may 
be helpful in wetting the material again and again, this may sometimes cause 
scorching and burning. Such detrimental effects can be avoided by using low 
concentration solutions, applying neutral .solutions, and spraying on cool 
cloudy days or in the afternoon. The number of sprayings required to correct 
deficiency depends upon the severity of the problem in the plants. 

Time of applications. It is important to decide prudently when to apply 
fertilizer to get the maximum benefit. It is desirable to apply N at the time 
when the plant can absorb it best, because otherwise it may leach down. But 
fertilizers carrying N in organic form (organic fertilizers) must be applied 
sufficiently early to allow for decomposition to make the nitrogen available 
to the plants at the time of need. Observations indicate that in orchard trees 
N appears deficient in the early spring or after the bloom is over. Therefore, 
for quick response in growth and improved fruit set, nitrogenous fertilizers 
are most effective when applied to orchard trees starting growth in the 
spring. With vegetable crops and flowers, these fertilizers produce good 
results when added at the time of seeding; for seedy vegetables like toma
toes and cucurbits, additional support during the fruit development stage is 
desirable. If it rains heavily, some additional nitrogenous fertilizer should be 
given to both orchard trees and vegetable crops to replenish the leached N. 
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-
For elements like phosphorus, potassium, and several others which 

move quite slowly in the soil and remain within the rhizosphere for a long 
time, the time of application is not so crucial. 

STUDY QUESTIONS 

1. What is the importance of soil for raising plants, and what characteris
tics are necessary in agricultural soils? 

2. (a) What different types of soil are there? (b) Describe the basis of 
their nomenclature and the types of regions they are found in. 

3. What is the importance of soil structure? How is it improved for agri
cultural purposes? 

4. What is meant by soil reaction? What is its significance in raising horti
culmral crops? 

5. Give the soil type and the range of pH optimal for growing citrus, 
mangoes, stone fruits, cole crops, and cucurbits. 

6. What is organic matter, and why is it important in horticulture? 

7. (a) Name the various'sources of organic matter. (b) How should organ
ic matter be handled? 

8. Organic matter is produced from plants, directly or indirectly. Discuss 
and explain this statement. 

9. What is the role of organic matter in improving soil fertility? 

10. (a) What is the difference between organic and inorganic fertilizers? 
(b) Why are both types important in raising horticultural crops 
profitably? 

11. (a) Define essential element. (b) Name these elements. 

12. (a) What is the role of each of the essential elements? (b) What 
deficiency symptoms are manifested by various horticultural plants. 
lacking each of them? 

13. Describe the different methods of applying fertilizer, pointing out the 
merits of each. 

14. How can we determine the mineral needs of a plant? Describe the 
merits and demerits of each method. 

15. Why is the time of fertilizer application import!lnt? Disctlss. 
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PRACTICAL EXERCISES 

1. Determine the structures of various types of soils in the field. 

2. Compare various types of soils and organic matter for their ability to 
absorb water. 

3. Carry out analysis for NPK of plants and soils. 

4. Study the visual symptoms of mineral deficiency, in the field if possible. 
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9. ESTABLISHMENT OF GARDENS 

Mahmood N. Malik l 

LEARNING OBJECTIVES 

After studying this chapter, a student should be able to: 

• Select suitable places for raising desirable horticultural crops 

• Select the best layout plans for various horticultural varieties in terms 
of plant population and longevity for a given plot 

• Select the most suitable horticultural variety/cultivar for a given vicinity 
according to its agro-climatic conditions 

• For a given specific situation, select the kind of gardening with better 
future prospects, i.e. commercial, local, or home gardening 

• Plan various key operations for establishing new gardens: preparation 
of land, layout, planting, and after-care 

• Assess capital needs for various operations required in raising different 
horticultural crops 

• Make the best use of available resources: land, capital, labour, and 
transport for maximum return from various horticultural crops 

• Select the best true-to-name plants-budded on recommended 
rootstocks and of proper age and size 

Horticulture is an important branch of agriculture dealing with many 
fruit, vegetable, and flower crops, and if done scientifically, is a profitable 
enterprise. Financial returns can be increased many-fold if careful planning 
is done when selecting the specific crops to establish in a particular region. 
In most cases, the horticulture industry is a long-term investment, especially 
the raising of fruit trees. Thus very careful planning is needed while estab
lishing either commercial or home orchards of fruits, vegetables, or orna
mentals. Different factors to be considered in planning of gardens and 
orchards are: 

IOr. Malik is Professor of Horticulture and Dean, Faculty of Agriculture, University of 
Agriculture, Faisalabad. 
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• Selection of proper locality and site 
• Provision of suitable drainage 
• Adequate preparatory tillage 
• Scientific layout of gardens with proper spacing 
• Selection of cultivars suitable to the particular region 
• Proper planting and post-planting care 
• Provision of suitable windbreak protection 
• Independent water supply 

Other important points include: 

• Availability of needed capital 
• Availability of labour resources 
• Dependable' transportation 
• Good export as well as domestic markets 

9.1 Selecting locality and site 

Locality refers to the geographical circumstances of a place in relation to 
cities, villages, railway stations, roads, etc. It is important for the ease with 
which horticultural produce can reach the markets of choice in the shortest 
possible time and with minimum expense. Commercial vegetable and flower 
gardens should preferably be near daily markets to ensure prompt sale of 
the produce. 

Commercial gardens should be planted in a locality where such crops 
have already established themselves as commercial enterprises. It is often 
advantageous to select a site for a certain crop close to successfully estab
lished, highly productive plantations of the same or similar crops, so that 
cooperative marketing of the produce is possible. Also, one can learn much 
from the experience of the other growers, and needed plant protection 
measures can be undertaken collectively. 

Site refers to a specific place where any given hoiticultural product is 
produced: a citrus or mango orchard, a grape vineyard, or a field of toma
toes. Site considerations include two factors-topography and soils. Topogra
phy refers to the contour of the land, its elevation, and similar features of 
the terrain. The soil is the home of the plant roots and the reservoir for the 
plant's essential nutrients and water. 

Vegetable crops and herbaceous flowering plants are usually grown on 
level and slightly sloping sites, as most of these crops need cultivation. 
Harvesnng operations for these crops can also be performed more efficiently 
on level land than on sloping land. Fruit trees, however, can be raised on 
steep slopes to a certain extent. The direction of the slope is also important: 
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northern slopes are always cooler than southern slopes, so crops grown on 
them mature and ripen later than those grown on southern slopes. 

9.1.1 Climate and soil 

Climate refers to meteorological conditions (changes in the atmosphere) in 
a given region. Temperature is the most important climatic factor influ
encing the performance of horticultural crops. Temperature determines the 
success or failure of each specific crop in a given region: Maximum and 
minimum temperature endurance varies with' different species and even 
varieties. Relative humidity also plays a great role in the performance of 
plants, and influences the colour and external appearance of the product. 

Climatic factors such as temperature, humidity, rainfall, wind, sunlight, 
frost, and hailstorms; and soil conditions including texture, fertility, depth, 
alkalinity, salinity, soil reaction, chemical content, drainage, and waterlog
ging, which influence the growth and development of horticultural crops 
must also be considered while selecting a suitable site for gardens. Subsoils 
are more important than surface soils, especially for fruit trees, so examina
tion of subsoils to a depth of 1-2 m is essential for these crops. 

There is often a great difference in climatic requirements among variet
ies of the same species. In most parts of Pakistan, growers have their choice 
of several excellent fruits, vegetables, and ornamentals. General climatic 
requirements for horticultural crops are given in Chapter 7, and more 
specific discussion is found in Chapters 13, 14, and 15. 

Soil is the natural resource base for horticultural production, as well as 
other forms of agriculture. It is an important natural factor which deter
mines the success or failure of a crop. It is, therefore, extremely important 
that a suitable soil be chosen. Fortunately, many horticultural crops, espe
cially a good number of fruits, may be grown on a wide variety of soil types. 
Extremes are to be avoided; very heavy soils are difficult to handle, and 
sandy soils do not hold moisture well and are likely to be infertile. A loam 
or sandy loam soil is good for most horticultural crops, and such soils are 
found in many parts of Pakistan, For good performance of a horticultural 
crop, a deep (especially for fruit plants), well-drained soil free of excess 
salts, with a fair amount of humus is essential. 

Besides providing anchorage to the plant, soil furnishes water and' 
nutrients for its growth and development. The more fertile the soil is the 
less manuring will be necessary, but manure will still be needed to maintain 
its fertility. Good drainage is also essential, as most horticultural plants 
cannot thrive with water standing around their roots. In heavy soils it is 
sometimes necessary to provide artificial drainage. The soil preference of 
various horticultural crops is discussed in Chapters 8, 13, 14, and 15. 
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Unlike fruit crops, most vegetables have a short growing season, which 
can easily be adjusted to suit the local climate: This fact plus their relative 
ease and cheapness in production, handling, and shipment of their seeds to 
distant destinations, and comparatively less haz'l,lrd of crop failure have 
facilitated the growing of vegetables outside their natural habitat. 

In some areas of the country, the climate permits production of summer 
vegetables during the winter and spring seasons of other regions when these 
vegetables cannot be produced there. This objective may also be achieved 
by forcing, production of vegetables out of their normal season by providing 
protection from cold. Greenhouses, cold frames, and polyethylene tunnels 
are used for this purpose on a commercial scale in many advanced countries. 
Polyethylene tunnels are also becoming popular in Pakistan for producing 
out-of-season vegetables or at least for raising nurseries for early vegetable 
production. This may also be true for most ornamentals raised commercially. 
Most of the cut flowers of European countries can be raised during winter 
in the open in Pakistan and can be exported to markets in Europe, earning 
high profits and much foreign exchange. 

9.1.2 Water supply 

Next to climate and soil, a regular and adequate source of irrigation water 
is an important consideration in site selection for commercial horticulture 
as well as for home gardens. Good plentiful water should be regularly 
available all year round especially during the hot and dry season. Horticul
tural plants in general need more water than field crops. Plants vary in their 
irrigation requirements, and some plants ar.e more resistant to drought than 
others. Young plants require much water for their satisfactory growth and 
bearing. Gardens of plants with high water requirements should ideally be 
located near canal-fed warercourses. In some countries, regular arrange
ments are made for sprinkler irrigation of orchards where irrigation through 
watercourses is not possible because of soil topography or non-availability 
of canal water. 

In most parts of Pakistan, successful gardening is possible only with 
irrigation. An additional and independent source of irrigation water is 
needed to supplement canal irrigation during canal closures. This may either 
be a well, tube well if the ground water is good, or a reasonable water 
reservoir/tank where canal water can be stored. Consideration should also 
be given to the quality of water. Excesses of sodium salts and boron are 
injurious to most horticultural plants. 
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9.1.3 Market facilities 

Horticultural products are usually perishable, and need to be transported 
and marketed as soon as possible. Under the prevailing conditions in Paki

. stan, the general outlets for growers are city markets. Therefore, the location 
should be very close to cities or at least big towns. If the produce is to be 
sent to distant markets, a railway station in the vicinity is desirable. Joint 
trailers are now a blessing for marketing produce provided that there are 
good roads nearby. Although some crops which have good keeping quality 
can be transpprted over a long distance without excessive losses, nearness 
to the market is always advantageous. Products to be exported to foreign 
markets need a standard packing house nearby. If there is a food processing 
industry in the vicinity, excess produce can be sold there. All these factors 
must be kept in mind when selecting sites for establishing new gardens. 

9.1.4 Transportation requirements 

Improvements in and availability of me tailed roads in most of Pakistan, fast 
motor trollies/trucks, refrigerated trucks, improved rail transportation, and 
the development of more economical air transportation to distant/foreign 
markets will stimulate the raising of horticultural crops in areas which may 

. have favourable growing conditions but be far away from markets. 

9.1.5 Availability of labour 

The growing of horticultural crops is a full-time occupation. The availability 
of labour in the vicinity must be considered before establishment because 
most garden operations are still done by hand in Pakistan. Cheap and 
regular labour, available close to the site, is necessary for carrying out 
various operations economically and on time. Preparation of land, i.e. 
cleaning, levelling, and ploughing; installing systems for irrigation and drain
age; planting and post-planting care, i.e. pruning, hoeing, and weeding; 
application of manures and fertilizers; control of insect pests and diseases; 
picking, packing, transportation, and marketing are all cultural operations 
which, more or less, are done by manual labour in this country. 

9.1.6 Capital needs 

Horticultural enterprises require much more investment than other agricul
tural crops for establishment, maintenance, and continuous profitable re
turns. Capital requirements must be estimated before deciding to establish 
a garden. 
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9.1.7 Personal factors 

Success in raising a given horticultural crop depends to a considerable extent 
on the aptitude of the individual grower. Some farmers adapt themselves 
easily to vegetable growing, commercial flower production, or fruit growing, 
while others may be slow to adjust to this type of farming. Economic differ
ences between fruit growing and vegetable or flower raising are important 
factors influencing the decision to adopt any of these types of farming. 
Differences between various horticultural enterprises are listed below. 

• Fruit production is a long-term investment, while vegetable or flower 
raising is mostly seasonal. 

• Fruit production is sure to produce some crop every year, but this is not 
necessarily the case with vegetable or flower production. 

• Getting into fruit growing is a slow process, and getting out of it may 
be even slower; this is not true for other horticultural crops. 

• Fruit growing is a long-term enterprise, so annual financing and tenant
ing cannot be organized as with vegetable or flower production. 

• Cooperative efforts a,nd organizations can act more easily, and are 
easier to manage in fruit production than in other horticultural crops. 

9.2 Preparation of land 

After selecting the site, some preliminary operations are desirable before 
raising any horticultural crop. The preparation of the soil depends largely 
upon its present condition, previous history, and the grower's plans. If the 
land has been under cultivation and well-maintained, nothing further may 
be required. However, if the site is new and previously uncultivated, it 
should be thoroughly surveyed for its size, topography, flow of irrigation 
water, and fertility status. It may be necessary to grade and manure the land, 
to provide an irrigation system, and to build fences. The positioning of main 
and subsidiary roads, wells, sheds, etc. should be planned clearly. The fol
lowing operations should be done well in advance, preferably a full season. 
Any of these operations, if delayed, may cause a considerable loss. 

Cleaning. Existing vegetation should be cleared; standing trees should 
be cut down and their stumps removed. No vegetation should be left, other
wise it may shade the young plantation and compete for water and nutrients. 
Further, removing it at a later stage may be expensive and risky. 

Ploughing. After the site is cleared, it must be given a deep and thor
ough ploughing twice or thrice in two directions. Then it should be harrowed 
and cultivated to a fine tilth. 
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Levelling. The site s~ould be levelled. For convenience in levelling, the 
'field can' be partitioned Into blocks unless it is already small and manage
able. Earth is moved from higher to lower spots, and ditches and low-lying 
areas are filled up. A uniform gentle slope may be provided, preferably in 
one direction, to facilitate the flow of irrigation water. Then bunds, channels, 
and drains may be formed. On hilly slopes, unless contour planting is to be 
followed, the land should be suitably terraced. 

Irrigation system. The irrigation system should be planned and some
times even installed before establishing the plantation. It may be desirable 
to put in the permanent water channels before the actual layout of the 
gardens is done. 

Soil enrichment. The soil can be enriched by raising cover crops, 
preferably legumes. Levelling sometimes upsets the fertility status of the soil. 
Hayes (1960) advised growing field crops for 2-3 years before planting vege
tables to condition the site. A green-manure crop, in addition to FYM, is 
often the most economical means of increasing the organic matter content 
of the soil. Growing a green-manure crop is essential not only to improve 
the fertility of the soil, but also to indicate any unsuitable spots like saline 
or alkaline patches, poor physical condition of the soil, ill-drained, or rocky 
patches. All such defects should be corrected before planting. 

Fencing. Fencing should be erected all around the site to prevent the 
entry of animal pests like cattle, goats, or wild pigs, as 'Well as human 
thieves. Barbed wire fencing is -desirable, though it is expensive. It is advan
tageous to have wire fencing, as it takes less space and neither shades the 
soil nor takes any nutrients from it. Many types of fencing are used with 
more or less satisfaction. 

9.3 Laying out gardens 

Laying out gardens means indicating the actual places for roads, footpaths, 
irrigation channels, water tanks, manure pits, office or residence blocks, 
water pump or tube well/water tank, and windbreaks, as well as spacing the 
plants in the garden. The systematic laying out of gardens is the first step in 
a successful horticultural enterprise. In this way cultivation and pest manage
ment can be carried out more correctly and efficiently, resulting in healthy 
plantations which ultimately yield more and higher quality produce. 

After site preparation, the actual laying out of the orchard can begin. 
The planting arrangement of the trees in a garden is a crucial operation. In 
laying out an orchard, a well-considered plan should be followed that pro
vides the maximum number of trees per unit area consistent with sufficient 
space for the proper development of each tree, convenience in orchard 
operations, scope for extension, and an ae&thetic appearance. Mistakes made 
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at this time are likely to cause losses throughout the life of the orchard, and 
it is very difficult or sometimes impossible to correct them later. 

For economical management, most horticultural plants should be plant
ed in straight rows. With fruit trees and most other horticultural plants, if 
more than one species are to be planted, each kind should ordinarily be 
planted in a block. However, with self-incompatible varieties, pollinator 
plants should be mixed with receptor plants according to a set plan. Variet
ies of a particular crop ripening at the same time should be grouped togeth
er for convenience in harvesting and handling. 

Before selecting a layout system, the first thing to consider is optimum 
planting distance, which differs for fruit trees, vegetables, and ornamentals. 

9.3.1 Planting distance 

Needs for certain environmental conditions are more crucial for horticultural 
plants than for other farm crops because of their specific needs for certain 
climatic and nutritional requirements. In ornamental horticulture, plants are 
established according to a properly developed landscape plan to enhance 
their aesthetic value. For this, proper distance, in addition to their other 
requirements, is essential. In vegetable growing, the number of plants per 
unit area plays an important role in increasing yields, which cannot be done 
unless seedlings are planted in properly spaced rows. 

Fruit trees. Planting distance depends upon many things, including plant 
species and variety, climatic conditions, soil fertility, availability of water, and 
and the training and pruning systems to be followed, especially for fruit and 
ornamental trees. Methods of cultivation may also influence planting dis
tance. With fruit trees, plant types (seedlings or graftage and rootstocks) 
have a definite impact on plant size and vigour. When deciding the planting 
distance of a fruit garden or placing ornamental trees in a iandscape, one 
should bear in mind the ultimate size and spread of the trees at maturity. 

Spacing is very important for fruit trees because of their permanency 
and long bearing life. Fruit trees raised too close together give lower yields 
of poor quality fruit with reduced size and colour. Such plants will grow 
taller, be exposed to greater wind injuries, and be difficult to manage. 
Crowding of their tops will create dense shade beneath the trees, resulting 
in insufficient light penetration and ventilation. Such plantations are ideal 
places for the multiplication of disease organisms and inseot pests. 

With fruit trees, the spacing problem is always difficult and usually 
results in compromise. Basically, close spacing with a large number of trees 
per hectare gives heavier early production, while wider spacing gives better 
late production. Those who want quick production after planting a grove 
generally lean toward closer spacing, and those who are looking at the grove 
as a long-term investment generally prefer wide spacing. The Spanish 
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accomplish both ends by doing very heavy hand pruning. They frequently 
plant their citrus groves at a distance of 10 ft x 10 ft (3 m )( 3 m), and keep 
the trees pruned so that they just touch each other. Such spacing gives a 
very large plant population and heavy production at an extremely early age, 
but requires a good deal of handwork to keep production up over a long 
period. 

Double spacing, where plant-to-plant distance is half the distance from 
row to row, is very satisfactory in the early years, but will prove difficult to 
manage unless every other tree is removed after about half the bearing life 
of the tree. Unfortunately, very few growers are willing to take out trees, 
and the result is a hedgerow effect that is extremely hard to spray, cultivate, 
and pick. For growers willing to take out trees at the proper time, there are 
a number of these combinations for different fruit trees that win. help to give 
both high early production and a high late production, with a slight dip for 
two or three years at the time when the alternate trees are removed. 

Calculation of the number of plants per hectare when they are planted 
by the square/rectangular system is easy. Each tree occupies a plot of land 
equal to the product of the tree-to-tree distance within rows and the dis
tance between rows. By dividing the area of a hectare (in sq m) by the area 
occupied by each tree, the approximate number of trees per hectare can be 
calculated. 

Area of a hectare (100 m x 100 m) 
Total number of plants 

Row-to-row distance x plant-to-plant distance (sq m) 

Examples of the total numbers of plants per hectare of citrus and 
mango calculated according to the square layout system at different planting 
distances are given here. 

At 8 m distance 

At 7 m distance 

At 10 m distance 

At 12 m distance 

At 15 m distance 

CITRUS 

100 x 100 
8 x 8 

100 x 100 
7 x 7 

MANGO 

100 x 100 
10 x 10 

100 x 100 
12 x 12 

100 x 100 
15 x 15 

156 

204 

100 

70 

45 
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The optimum development of an individual tree requires that it be 
planted where it will not have to compete with other trees. Normally it is 
more profitable to plant trees closer together and supply the water and food 
materials needed for good yields. If trees are too close together, however, 
no amount of irrigation and manuring will produce as good a crop as prop
erly spaced trees bear. Usually, therefore, the maximum yield per hectare 
can be had by spacing the trees somewhat closer together than the normal 
optimal distance, and providing adequate supplementary inputs. Recom
mended spacings for various fruit trees in Pakistan are given in Table 9.1. 

Table 9.1 Recommended spacing for fruit trees in Pakistan 

Types of trees 
Mango, jaman, ber, amla, fig, walnut 
Guava, mulberry, loquat, litchi, olive 
Sweet orange, mandarin, lemon, grapefruit, kaghzi 
lime, sweet lime 
Apple, pear, peach, plum, apricot, almond, cherry, 
pomegranate 
Date palm 
Banana, papaya, grapevine 
Falsa 

Planting distance (m) 

10-15 
8-10 
7-8 

6.5-8 

5-7 
3-4 
2.5 

Vegetables. Some vegetables are first raised in the nursery, and when 
the seedlings reach a height of about 15-20 cm they are transplanted to the 
field at species-specific plant-to-plant and line-to-line distances. Some 
vegetables raised in this way are onions, tomatoes, brinjals, chilies; cabbage, 
knol khol (kohl rabi), cauliflower, and lettuce. Other vegetables are sown 
directly in properly prepared beds, maintaining the appropriate distances 
between beds and between plants. Seeds of coriander, spinach, and fenu
greek are planted on both sides of beds in continuous lines or are broadcast. 
Some information about times of nursery sowing and transplanting, soil 
requirements, seed rate, and planting distance for important summer and 
winter vegetables is given in Table 9.2. 
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Table 9.2 Time of planting, soil type, seed rate, and planting distances of 
important winter and summer vegetables 

Time of sowing Seed rate Planting 
Vegetable and transplanting Type of soil per hectare distances 

Winter vegetables 
Potatoes Spllng crop=Jan Sandy loam 1.25-1.5 t RxR=60 cm 

Autumn crop and clay loam Autumn= (well-irr.) 
=Sept-Oct 2.5-3.0 t RxR=75 cm 
Hill crop=April (canal-irr.) 

PxP=18-20 cm 
Peas Sept-Oct Silt loam and 60-75 kg BxB=1.25 m 

Apnl (hills) clay loam PxP=15-20 cm 
Carrot Aug-Nov Rich clay loam 20-25 kg 'BxB=6()...75 cm 

Apnl (hills) PxP=8 cm 
Radl,h July-Nav Sandy loam 8-10 kg BxB=75 cm 

AprIl-June (hills) PxP=8 cm 
Turnip Aug-Nav Deep rich loam2.5 kg BxB=.75-1 m 

April-May (hills) PxP=10-12 cm 
Sugar beet Sept-Oct Deep rich loamlO-l2.5 kg BxB=40 cm 

April-May (hills) PxP=7-8 cm 
Cauliflower N) July-Aug Clay loam N=125-2.5 kg LxL=75 cm 

T) July-Oct PxP=30 cm 
N)' Feb-Mar (hills) 
T) April-May 
(hills) 

Cabbage N) Aug-Oct Clay loam N=1.25 kg LxL=60 cm 
T) Sept-Nov PxP=30 cm 
N) Feb-Mar (hills) 

Knol khol N) June-Aug Clay loam N =-1.25 kg LxL=45 cm 
T) Sept-Oct PxP=30 cm 

Spinach Aug-Oct Heavy loam 25-35 kg BxB=75 cm 
Plant seed on 
both sides in 
lines as contin-

Fenugreek 

Coriander 

Lettuce 

Omon 

Garlic 

Sept-Oct 

Aug-Novand 
Jan-Ftb 
Sept-Oct 
April-May ~hills) 
N) Oct-Nov 
T)Jan-Feb 
SP) Oct-Nov 
October 

Loam and day 10-12 kg 
loam 

uous planting. 
Like spinach 

Rich clay loam 25-30 kg Like spinach 

Clay loam 

Organic soil 

Organic rich 
soil 

N=500 g BxB=50 cm 
PxP= 15-20 cm 

N) 8-10 kg PxP=8-10 cm 
SP) 1500-1750 LxL=15 cm 
kg onion bulbs 
750-1000 kg LxL=15 cm 
cloves PxP=8-lO cm 
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Time of sowing Seed rate Planting 
Vegetable and transplanting Type of soil per hectare distances 
Tomato N) Nov-Dec Clay loam N-250 g BxB-l-1.25 m 

T) Feb-Mar PxP=25-50 cm 
N) Feb-Mar (h:Us) 
T) April-May 
(hills) 

Brinjal N) Feb and June Clay loam N-400 g BxB=l m 
T) Apr and June PxP=45 cm 
N) Apr and July 

Chilies N) act and Feb Silt loam and N=1.25 kg BxB=l m 
T) Feb and April clay loam PxP=30-45 cm 

Sweet pepper N) Oct-Nov Silt loam to N=1.25 kg BxB=l m 
T) Feb-March clay loam PxP=45 cm 
N) Mar-Ap!" (hills) 
T) May-June 
(hills) 

Summer vegetables 
Muskmelon Feb--March Sandy loam 4-5 kg BxB=2-2.5 m 

PxP=40-45 cm 
Watermelon March Sandy loam 4-5 kg BxB=3-3.5 m 

and loam PxP=40 cm 
Bitter gourd Feb-April Clay loam to 8--10 kg BxB=1-1.5 m 

sandy loam PxP=30 cm 
Tinda gourd Feb-March Clay loam 5-6.5 kg BxB=l-1.5 m 

PxP=40 cm 
Bottle gourd Feb-Mar and Clay loam 5-6.5 kg BxB=2.5-3 m 

June-July PxP=40-50 cm 
Cucumber Feb-Mar, July Sandy loam 2.5-4 kg BxB=2-2.5 m 

Apr-June (hills) PxP=30 cm 
Long melon Feb-March Sandy loam 2.5 kg BxB=2-2.5 m 

PxP=30-40 cm 
Okra Feb-March" Sandy loam 25-30 kg BxB=75 cm 

and clay PxP=20 cm 
Sweet potato April-July Sandy loam BxB=2-2.5 m 

PxP=30-40 cm 
Turmeric March-April Sandy loam 1.7-2.0 tonne LxL=50-75 cm 

PxP=20-30 cm 
Ginger March-April Sandy loam 1.5-1.8 tonne LxL=40-45 cm 

PxP=15-20 cm 
Ghiya tori Feb-March Sandy loam 4 kg BxB=2.5-3 m 

PxP=45-60 cm 

N = Nursery PxP = Plant-ta-plant 
T = Transplanting LxL = Line-to-line 
SP = Seed production RxR = Row-ta-row 

BxB = Bed-to-bed 
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9.3.2 Systems of layout for fruit orchards 

A number of different systems for laying out fruit orchards may be em
ployed. The advantages and disadvantages of these systems are described 
here, and illustrated in Figure 9.l. 

i. Square system. The square system is the most common and popular 
method of laying out fruit orchards on flat ground. In this method plants are 
set at right angles to each other with equal row-to-row and tree-to-tree 
distances (Fig. 9.1). This is the most desirable system for long-lived perma
nent trees of important fruits like mango, citrus, guava, apple, or pear. It is 
simple and easy to layout. Important reasons for its popularity are the 
possibility of intereropping, the ease of two-directional cultivation, and 
convenience in irrIgation, spraying, and harvesting. It forms the basic plan 
for the quincunx and rectangular layout systems. The only drawback of this 
system of orchard layout is that some unutilized space is left in the centre. 

H. Rectangular system. In the rectangular system, the row-to-row 
distance is more than the plant-to-plant distance. This system is particularly 
suitable for medium to large sized trees. In this case, the trees are set at the 
corners of the rectangle (Fig. 9.1). In a variant of this system, the plant-to
plant distance is set at half the row-to-row distance, and later, halfway 
through the bearing life of the trees, every other plant is removed. This 
procedure is adopted to get maximum returns in the early years of planting. 
However, the rectangular system is not very good for permanent trees be
cause the land is not fully used and crowding occurs on two sides. Lots of 
pruning is also needed to allow the plants to grow normally, and only one
way cultivation is feasible in the gardens. 

iii. Hexagonal system. This is the best system for garden layout because. 
all plants are equidistant from each other and no unutilized space is left in 
between. The layout consists of a grid of contiguous equilateral hexagons. 
Trees are located at each vertex, and in the centre of each hexagon equidis
tant from each of the vertices. This can also be thought of as a grid of 
equilateral triangles, in which the length of each edge of the triangles is the 
desired tree-to-tree distance. A tree is located at each vertex of each trian
gle (Fig. 9.1). The actual tree desired long-term is set in the centre of the 
hexagon. About 15 percent more plants can be planted th3Jl in the square 
system. Three-directional cultivation is possible in orchards with this layout 
system. The only potential problem with this system is that it is more diffi
cult to layout and harder to understand in the beginning. 

iv. Quincunx system. In this system, after laying out the garden ac
cording to the square system, an additional tree is set as filler in the centre 
of every square (Fig. 9.1). It is desirable that quick-bearing filler plants be 
set in between the long-lived, slow-bearing fruit trees. The filler plants are 
uprooted at a later stage. In this way 75 percent more plants (fillers) can be 
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SQUARE SYSTEM RECTANGULAR SYSTEM 

HEXAGONAL SYSTEM QUINCUNX SYSTEM 

o = Permanent trees , 0 "- Filler trees 

Figure 9.1 Orchard layout systems compared 
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planted than by using the square system. The percentage by which the 
number of trees can be increased depends on the overall size of the orchard. 
These fillers can bring better returns than intercrops until the actual fruit 
trees start bearing normally. However, the fillers may adversely affect the 
progress of the permanent trees. 

v. Triangular system. In the triangular pattern, after laying out a 
rectangular system one tree is planted at the intersection of the diagonals of 
each rectangle. This system gives about 50-60 percent more plants than with 
the rectangular system, the percentage of increase varying with the overall 
size of the orchard. However, at a later stage this system causes overcrowd
ing, creating problems in cultural operations. This system is not popular and 
is seldom adopted. 

vi. Contour system. All the above systems can be used only on flat or 
level lands, and not on uneven lands and submountainous areas. On undu
lating lands and hill slopes, fruit trees have to be set on terraces, and sprin
kler irrigation is usually used. To reduce runoff and soil erosion, it is advis
able to raise cover crops in the alleys. On soil with only a slight slope, trees 
can be planted in lines following the contour of the slope. Irrigation and 
cultivation are then practiced only along the rows, not across them. The 
trees will not be equidistant, and the number per hectare will generally be 
less than with the other systems, but the advantages outweigh these defects. 
If the land is very steep, each contour may become a terrace. 

9.4 Digging and refilling of pits 

Though deep soils are usually preferred for raising fruit trees, additional 
nutrition and organic matter can be provided to the plants at a very early 
stage by digging pits. This should be done after laying out the garden and 
marking the actual spots for trees by staking. While digging pits, the upper 
30-40 cm of soil should be put aside and kept, and the remaining subsoil 
scattered in the field or taken away. The pits are left open for 2-3 weeks for 
exposure to the sun and circulation of air. It is harmful to keep pits open for 
longer periods because their inner surface gets ~ardened by prolonged 
exposure to weather. The main objective of digging pits is to provide a 
suitable environment for the development of the plant and its roots. Since 
this is a place to which one cannot have access later, for the whole life of 
the plant, the preparation of the pit is very important. Also, if there is a 
hardpan or gravel present in the soil, these problems can be dealt with when 
the-pit is open. 

The size of the pit depends upon the type of soil and the species and 
variety of fruit. It should be larger in hard soils and smaller in sandy loam 
soils. Generally, for various fruit trees and in most of the orchard soils in 
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this country, it pit ot'l m x 1 m x 1 m in length, width, and depth is most 
desirable. This is the volume in which most of the root development occurs 
during the early days of plant growth. 

After an appropriate period these pits are refilled with a mixture of 
equal quantities of the saved surface soiJ, well-rotted FYM, and silt. The 
pits should be filled preferably about a fortnight before planting. Unfor
tunately, adding undecomposed FYM is a widespread practice in Pakistan. 
This should be discouraged because as manure decomposes in the soil it is 
injurious to cut roots and attracts white ants. The pits should be filled a little 
higher (about 10-15 cm) than the surrounding soil. This will allow for soil 
settling after the first irrigation. The field is then irrigated heavily. After the 
field dries, the pits are levelled once again. Plants are set in the centres of 
the pits and in straight rows on all sides. 

9.5 Selection and purchase of plants 

The selection of a species and the varieties of fruit plants to be raised is an 
important step in the establishment of a new orchard. Since the earnings a 
grower will get from his orchard depend on this choice, it should be decided 
early in the process of planning to enter the field of horticulture. The fol
lowing important factors govern the selection of fruit plants. 

9.5.1 Selection of scion varieties 

Scion varieties for an orchard are selected keeping in mind the type of 
orchard, market demand in the area for a certain species or variety, climatic 
suitability of the area for a certain fruit or its kinds, resistance to pests and 
diseases prevalent in that region, and, in the case of some fruit, the require
ment for pollinators. 

There are several types of orchards, which differ in the markets and the 
kinds of needs they serve. Consideration of these socio-economic factors is 
also important when a grower is selecting scion varieties. 

1. Commercial gardens. The production of fruits and other horticultur
al crops on a large scale in localities far from the market is considered com
mercial gardening. In this type of farming, horticultural crops are even 
grown in the interior and in p1.l!ces far from the market, where suitable soil, 

, climate, and adequate water supply are available; cost of production is low; 
and reasonable facilities for shipment to big cities exist. In vegetable growing 
this type of gardening is known as truck-farming. Horticultural produce may 
also be raised for export purposes. These commercial gardens contain only 
a few, good quality, high-yielding varieties, which are raised on large areas 
to fulfil the demands of major markets it:! or outside the country. 
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2. Local market gardens. These produce horticultural crops to meet the 
requirements of local markets only. Such gardens containa wide range of 
crops and varieties which provide produce over a long season. In this case, 
many varieties with a wide fluctuation in their maturity and ripening times 
are produced on small areas. A fruit whose popularity is increasing, or one 
which is being supplied from a distance, offers a good opportunity to grow
ers of local market gardens. 

3. Home gardens. Some farmers produce fruits, vegetables, and orna
mentals in home gardens for their own needs. When such gardens are very 
small, they are called kitchen gardens. They include varieties of the owner's 
own taste and choice to meet his day-to-day requirements. 

4. Production for processing. There is an increasing demand for fruits 
and vegetables for the processing industry. Various fruits are being used for 
preparing juices, squashes, jams, marmalades, and jellies, and for canning or 
pickling. Vegetables are also being dried, canned, pickled, and frozen. Sun 
drying of sliced turnips, onions, brinjals, bitter gourds, fenugreek,.cauliflow
er, and okra is also a very popular practice in Pakistan. Now special kinds 
of fruits and vegetables are available which can be raised only for processing 
and are different from the varieties raised for table purposes. 

9.5.2 Type of rootstock 

When selecting fruit plants for a particular area, careful consideration 
should be given to the rootstocks on which a particular scion variety or 
varieties are to be grafted or budded. Rootstocks affect the vigour, produc· 
tivity, longevity, quality, and resistance to insect pests and diseases of a scion 
variety. A rootstock should be adaptable to various soil and climatic condi
tions, resistant to insect pests and diseases, and easily perpetuated and 
buddable. For rootstock production a high percentage of polyembryony is. 
desirable to produce large numbers of uniform seedlings. 

9.5.3 True-to-name plants 

When purchasing fruit plants from the nursery, one should first try to visit 
government nurseries; or, if none are available in the vicinity, one should try 
to locate nurseries which have a good reputation for past performance. Fruit 
plants are very problematic, in the sense that they bear fruit after 4-5 years, 
and the real nature of a fruit tree is usually revealed when it is too .late. 
Sometimes it may not be possible even for an expert to identify the scion 
variety and the rootstcck on which a fruit tree is budded/grafted at the 
nursery stage. If you want to have a big garden and you can afford the time, 
it is always advisable to raise your own nursery. The main cause .of the 
present decline in quality and quantity of the fruit industry in Pakistan is the 
mush~oom growth of fruit nurseries. Fruit plants should always be purchased 
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from nurseries which have their own progeny gardens and where the pedi
gree of the plant is known. 

9.5.4 Age, size, and grade 

One-year-old, well-grown plants with many leaves, a clean and bright trunk, 
and abundant roots should be selected. Evergreen plants are transplanted 
with earth balls, while deciduous plants are transplanted with bare roots and 
no leaves. One should always check that bud union is at least 15-20 cm 
above the ground. Higher bud union is now being advocated as, a controlling 
measure against foot rot disease, which can be caused by soil or water 
touching the scion portion of the trunk. Foot rot does not affect the root
stock portion. With citrus fruits, the trunks of one-year-old plants measure 
1-2 cm in diameter about 3 cm above the ground, and two-year-old plants 
are about 2-3 cm in diameter at the same height. 

9.6 Care. of plants at arrival 

The first thing which should be done on the arrival of nursery plants is to 
check them for variety, number of plants, and grade. The plants are then 
sprayed with lime and sulphur, and stored in the shade for about 48 hours. 
They are kept soaked with water and covered with straw during storage. In 
the case of deciduous plants, if the roots are dry they should be soaked in 
water for several hours before planting. Roots broken during lifting of the 
plants from the nursery soil must be cut off with a clean cut. In order to 
minimise the unnecessary loss of moisture by transpiration, especially in arid 
zones, young trees are often stripped of leaves. However, this is not neces
sary when the roots are packed in balls of soil. Only enough pruning should 
be done to prevent wilting, which lasts for no more than a couple of days 
after planting. If more leaves in good condition remain on the plant, growth 
will start earlier. While pruning at the time of transplanting, the shaping of 
the tree should also be kept in mind. 

9.7 Setting of fruit plants 

9.7.1 Time of planting 

There are generally two principal planting seasons in Pakistan: spring (Feb
March), and autumn (Sept-Oct). Plants of evergreen fruits can be set in 
both these seasons, but deciduous fruits only in the spring season. Care 
should be taken to set evergreen plants well before the severe dry and cold 
season starts, and deciduous plants should be planted when the danger of 
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frost and severe cold is over. Planting season, which differs with locality, is 
an important factor influencing the successful establishment of an orchard. 
In areas where winters are not too severe, citrus plants can also be planted 
throughout the winter, beginning from the rainy season. It is always desir
able to plant mangoes in the spring season because an autumn planting 
needs protection from frost during the winter. 

9.7.2 Actual planting 

Plants of evergreen fruits should be planted as soon as possible after they 
are dug from the nursery. If deciduous plants are transplanted while they are 
dormant, delay does little harm. The plants should be set approximately in 
the centre of the pit keeping the rows straight on all sides. The use of pegs 
and a planting board is also recommended to help in keeping the lines of 
plants straight. 

A hole sufficiently large to accommodate the earth ball and/or root 
system of the plant should be dug in the centre of the refilled pit. T..le plants 
should be set about the same height as they were in the nursery, with the 
bud union quite visible above the ground. If a planting board is used, the 
plant stem should be in the central notch of the planting board. When the 
earth ball is present, care should be taken not to break it while planting. The 
earth around the ball in the hole should be pressed well but not too hard 
while the plant is held in position. More care is necessary for plants with 
bare roots to ensure that the roots are well-spaced and no air pockets are 
left. When placing soil around the earth ball, the topsoil should be put in 
first, using the subsoil as a top layer. . 

9.7.3 j Post-plantlng care 

After plants are set, they should be irrigated sufficiently to wet all the soil 
around. This consolidates the soil and helps the roots to establish soil con
tact and secure a supply of water quickly. A small basin can be made around 
the plant for this purpose. Sometimes it is advisable to stake the plants 
immediately after planting to hold the stem erect. The soil level around the 
plant stem should be made higher than the ground level. Heading back of 
deciduous plants is also sometimes done. Some young plants are subject to 
considerable injury from sunburn or frost and severe cold, so Shading the 
plant with sarkanda is recommended where needed. Plant stems can also be 
protected by wrapping them with paper or other materials, or by painting 
them with whitewash. 
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9.8 Windbreaks 

Strong winds generally damage both foliage and fruit. They damage bearing 
trees by causing fruit shedding, breaking and blowing off branches, and 
defoliating the trees. Coastal regions are subject to such high winds and 
frequent cyclones. Plants have been used for wind protection for centuries. 
Although the terms windbreak and shelter belt are used almost inter
changeably, windbreak is more appropriate for a structure (a fence or a 
screen) or a single, narrow row of plants, while shelter belt refers to several 
rows of trees or shrubs. A single row of trees can be satisfactory, if they are 
closely planted, have dense foliage from the ground to the top, and can grow 
upright in the winds that are characteristic of the area. Wind damage can be 
minimised by providing such windbreaks around orchards. Some fruit species 
are more liable than others to shed fruit in high wind. Such species should . 
be planted in the centre of the orchard where wind effect is minimum. 

Before planting an orchard, it is necessary to reserve some space for the 
trees which are to serve as windbreaks on those sides from which hot wind 
or frost is expected. It is even better to establish .windbreaks one or two 
years before the fruit trees are planted. These should be at an appropriate 
distance from the orchard plants, which depends upon the type of plants . 

. Usually the recommended distance is about the same as between the fruit 
trees to be protected. Sometimes a channel 1 m wide and about 1-1.5 m 
deep is dug about 4-5 m from the windbreak trees. This channel should be 
cleaned every other year. Doing this can save the fruit trees from competi
tion with the windbreak trees because the channel will not allow the roots 
of the windbreak plants to come into the root region of the fruit plants. 

In some regions or for some crops temporary windbreaks are also made. 
These are very easy to establish, and may be removed after the extreme 
conditions are over. For vegetables, mostly tunnels and plastic covers are 
used and removed when the severe weather is over. Setting of sarkanda 
windbreaks at the northwest side of the rows of vegetables is a usual practice 
in vegetable forcing. In fruit plants, particularly for small mango plants, 
temporary windbreaks are very useful during the early years. They are made 
by pegging'shisham branches on the north sides of the plants and covering 
them with sugarcane waste. These are removed every year in late February 
or early March when the danger of frost and cold winds is over. 

It is always advisable to select windbreak plants very carefully. In select
ing plant material to be used for windbreaks, some major considerations are: 
suitability for the soil and climatic conditions of the site, resistance to insect 
pests and diseases, rapid growth, tallness and dense foliage, mechanical 
strength to resist damage by winds, and the type of root system. For or
chards, windbreak plants should be deep-rooted for support but have limited 
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lateral spread, as trees with widely spreading root systems may compete with 
the adjoining fruit trees for water and nutrients. Plants also yielding some 
income should be preferred. 

Depending on specific requirements, various types of evergreen or 
deciduous plants can be selected. In tropical and subtropical regions shi
sham, kikar, jaman, mulberry, seedling mango, ber, eucalyptus, and bamboo 
are very common. For temperate regions, species which have proven effec
tive as windbreaks are Scotch pine, jack pine, ponderosa pine, Rocky Moun
tain red cedar, and Australian pine. Where rainfall is sufficient, 
cone-bearing trees like pines and spruce are best. 

Windbreaks are beneficial for fruit trees in many ways. They reduce the 
destructiveness of strong winds, sunburn, and frost injuries. They improve 
site conditions by minimising wind erosion and providing protection against 
sand' blown by fast winds. They also suppress transpiration by reducing 
evaporation caused by hot dry winds. However, there are also some potential 
negative effects of windbreaks. At certain times they may make a plantation 
colder. The fruits immediately adjoining the windbreaks are liable to be 
damaged by insects and diseases, and may be smaller and inferior in colour 
because of delayed ripening. Also, there may be greater damage from late
spring cold waves in sheltered plantations: 

9.9 Orchard planning under various agro-climatic 
regimes 

The response of fruit trees to their environments is complex. A difference 
of soil and climate which seems very minor may determine the success or 
failure of a venture. One must either choose the site of an orchard to suit 
the fruits he wishes to grow, or choose crops suited to his land. The problem 
becomes more complicated when it comes to varieties of fruits to be grown 
in a particular region. What fruit will be most suitable to the prevailing 
agro-cIimatic conditions? Which of their varieties will be most suitable? 
What are the possibilities of marketing the produce within and outside the 
region or country? It is very important to consider all these points before 
proceeding to the actual planning of the orchard. 

Climate is more often a limiting factor than soil in the establishment of 
an orchard. Some good varieties of apples can only be grown in the regions 
where elevation is 1500 to 2000 m, where their chilling requirements can be 
met. Some other varieties of the same fruit do not need so much chilling 
and can be grown at lower elevations. Tables 9.3-9.7 give some schemes for 
orchard planning in various regions with different agro-climatic conditions. 
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Table 9.3 Scheme for mountainous region of high hilly areas with elevation 
1500-2000 m (10 hectares) 

Fruit Area (ha) Varieties 
Apple 5 Golden Delicious, Starking, Sky Spur, Kashmir 

Amri, Amri 
Pear 2 Kieffer, Cornice, Bartlett 
Plum 1 Fazli Manani, Methley, Wilkson 
Peach 1 Red French Early, Golden Jubilee, Alberta, No. 

6-A 
Apricot 1 Charmaghzi, Nuri, White-I, Red Sandian 

Table 9.4 Scheme for mountainous region of low hilly areas with elevation 
1000-1500 m (10 hectares) 

Fruit Area (ha) Varieties 
Apple 
Pear 
Stone fruits 

2 
2 
3 

Persimmon 1 
Loquat.and/or 1 
strawberry 
Minor fruits 1 

Tropical Beauty 
Kieffer, Leconttee 
About 1 ha each of plum, peach and. 
apricot; varieties as in Table 9.3. 

Table 9.5 Scheme for sub-mountainous region (10 l\ectares) 

Fruit Area (ha) Varieties 
Loquat 2 Local 
Apple 1 Tropical Beauty 
Citrus 2 Kinnow (2 ha), Kaghzi lime and sweet lime 

(0.5 ha each) 
Stone fruits 3 Plum, peach and apricot, about 1 ha each 

(varieties as in Table 9.3) 
Persimmon 1 
Ber 1 Local, Umran 9, 13, 15, and Gohr 
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Table 9.6 Scheme for plains-subtropical region (25 hectares) 

Fruit Area (ha) Varieties 
Mandarin orange 4-5 Kinnow, Feutrell's Early 
Sweet orange 5--6 Musambi, Pineapple, Jaffa, Blood Red, Va

lencia Late 
Kaghzi lime 
Sweet lime 
Grapefruit 
Mango 

Guava 
Other fruits 

0.5 
0.5 
1 
8 

2 
3 

Shamber, Marsh seedless, Foster, Duncan 
Malda, Dusehri, Anwar Rataul, Langra, 
Sindhri, Samar Behisht, Fajri 

Ber, falsa, litchi, date palm 

Table 9.7 Scheme for semiarid to arid regions (25 hectares)2 

Fruit 
Mango 
Citrus 
Date palm 
Other fruits 

Area (ha) Varieties 

10 As in Table 9.6 
5 Kinnow, local sweet orange, sweet lime 
5 Hilawi, Khadrawi, Zari, Dakki 
5 Guava, falsa, pomegranate, etc. 

STUDY QUESTIONS 

1. Name the areas of Pakistan which can be classified as arid, semi arid, 
tropical, subtropical, high temperate, and low temperate zones, and 
their important fruits. 

2. What are some important factors which should be considered in plan
ning and establishing new gardens? 

3. Climate is considered to be more important than soil in site selection 
while establishing a new garden. Explain. 

4. The texture, fertility, and drainage of the subsoil is particularly impor
tant to growers of tree fruits. Explain. 

1nis includes the area around Multan, Muzaffargarh, and Bahawalpur. 
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5. Explain the importance of spacing in tree fruit gardening. Also explain 
the role of dwarf rootstocks in this regard. 

6. Name the important systems for layout of fruit orchards. Explain each 
briefly, giving its merits and demerits. 

7. Explain the importance of windbreaks in gardening. Give examples to 
illustrate your points. 

8. In general, evergreen plants are transplanted with earth balls and decid
uous tree without leaves. Explain why this is so. 

9. Plan a suitable scheme for an orchard, along with important fruits and 
their varieties, on 20 hectares of land in your region. 

10. Give soil type. time of planting or transplanting, and spacing for impor
tant summer and winter vegetables of your region. 
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. 10. MANAGEMENT PRACTICES 

Mahmood N. Malikl 

OBJECI'IVES 

After studying this chapter, a student should be able to: 

• Discuss the advantages and disadvantages of the different systems of 
cultivation 

• Given a specific situation (site and crop), decide on the most appropri
ate cultivation system 

• For a given specific situation, decide when and how much water should 
be applied to a plantation of fruit trees 

• Compare the different methods of weed control, telling the advantages 
and disadvantages of each 

• For a given fruit orchard, decide on the most appropriate pruning 
regime 

• Discuss the use of growth-regulating chemicals 

10.1 Soil management 

Soil management includes various methods of managing the soil to maintain 
and conserve soil moisture, aeration, organic matter, and nutrition of the 
plant to its maximum, which is desirable for plant growth and fruitfulness 
without undue expense. As the soil is the store house of plant nutrients, a 
good soil management can build up soil fertility and provide ideal conditions 
for plant growth. 

There are many reasons to cultivate garden soils. The most important 
is to control weeds, which would otherwise compete with the cultivated crop 
for moisture and nutrients. Cultivation also loosens the soil and helps con
serve organic matter by burying it in the soil. This also promotes good root 
growth and helps soil bacteria to make nutrients available. Proper cultivation 
prior to planting incorporates air into the soil. These practices turn surface 
soil and crop residues under, leaving an uneven surface and loose structure 

IDr. MaIik is Professor of Horticulture-, University of Agriculture, FaisaIabad. 
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which encourages water penetration and spread 'of roots. Ploughing and 
disking are the most effective methods of incorporating organic manures and 
fertilizers and killing many pests which hibernate in the soil. 

Cultivation may also have adverse effects. It may damage soil structure 
and deplete fertility, cut tree roots, and increase erosion. Regular cultivation 
also destroys irrigation structures (basins, furrows) in the orchards. It has 
also been reported that in citrus growing, tillage may not be necessary, or 
may' even be harmful to the health of the trees. Nowadays non-tillage is 
increasingly popular because the use of weedicides reduces this need for 
cultivation. 

Ploughing is a tillage method still used worldwide. The proper use of 
ploughing can improve aeration, water penetration, and incorporation of 
organic matter, but its improper US\;} can create compaction, cause puddling, 
restrict water penetration, and ruin soil structure. The depth of cultivation 
has a great effect on crop response. Most vegetables, flowers, and small fruit 
plants are shallow rooted and have fine feeder roots near the surface. Deep 
cultivation between rows can do considerable root pruning and drastically 
reduce total growth and yield. Shallow cultivation can be fully effective in 
weed removal and does less root pruning of the crop plants. There is less 
surface-soil evaporation, less soil pulverizing, and reduced power require
ments with shallow cultivation. Where annual ploughing is practiced, it is 
wise to vary the depth to avoid formation of a plough sole, a zone of com
paction created by the plough bottom taking the same path year after year. 

The practice of non-tillage in fruit orchards is being tried in advanced 
countries. In spite of the rather high prices of herbicides, it is reported to be 
gaining popularitY. in controlling weeds of banana, citrus, and avocado 
orchards. In Australia and California it has been observed that trees pro
duced more when weeds were controlled with weedicides than when tillage 
was used (Reuther 1973). Similar results may be had by frequent light 
hoeing or other means of preventing weed growth without greatly disturbing 
the soil. But the fact that orchards tend to be in better condition and yield 
more fruit after years without cultivation at least raises questions about the 
values attributed to cultivation and the necessity for adding other organic 
material than that contributed by the trees themselves. 

10.2 Systems of cultivation 

10.2.1 Sod culture 

Fruit trees in most of the cooler regions of the world are grown under sod. 
Under this system natural grasses are allowed to grow under the trees and 
the soil is not stirred in any way. This prevents erosi<?n, particutarlyon steep 
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slopes. The sod provides a firm base for machinery and in the orchard it 
, cushions falling fruit and reduces bruising. Because of its competition for 

nutrients, the sod is not usually started in a young orchard until the trees are 
well established. The grass is either pastured or mowed from time to time 
with the mowings preferably left on the ground (sod mulch). Sod is harmful 
in plains areas as it reduc~s available soil moisture and nitrogen, but it has 
a definite advantage on hills and 'sloping lands as it prevents erosion and 
also lessens the loss of moisture by runoff and evaporation. 

10.2.2 Mulching 

Mulches are regularly utilized to conserve moisture, regulate temperature, 
control weeds, and improv~ produce quality. Mulching affects organic matter 
content, microbial activity, nutrient availabilitr, soil compaction, and erosion. 
Mulches are any type of organic materiaI'and contribute to soil humus after 
decomposition. The adsorptiveness of the mulch enhances water-holding 
capacity and slows water flow, thus reducing erosion. Soil oompaction is 
reduced by mulches. and earthworm activity, which aids in opening the soil, 
is increased under nll .. lches. A variety of materials can be used as mulch
es-grass, straw, hay, dry leaves, wood shavings, weed scrapings, paper, and 
even polyethylene. For tree mulching, the material should be 20-30 cm deep. 
Some disadvantages of mulching are the danger of fire and injury to roots 
and trunks from rats and other rodents (Denisen 1979:87). 

10.2.3 Contour planting 

Soil conservation techniques are importan.t in soil management. Millions of 
tons of topsoil are lost every year from fields which are cultivated up and 
down the slope instead of horizontally along the contours. Contour planting 
along steep slopes greatly reduces runoff and erosion. Most vegetables, nurs
ery crops, and small fruits can readily be planted along the contours. 

10.2.4 Clean cultivation 

In clean cultivation, the soil is repeatedly worked throughout the year, 
keeping the soil free of plant growth. Clean cultivation is helpful in con
trolling weeds and working farmyard manure and fertilizers into the soil. 
Clean cultivation is being widely followed in orchards in Pakistan. 

There are also disadvantages associated with clean cultivation. Under 
clean cultivation, with the repeated removal of humus, fertility is also deplet
ed. However, the addition of fertilizers to such soils is not advantageous 
because the trees, in spite of fertilization, show ill health. It has been report
~d that clean cultivation reduces tree growth and ultimately tree production 
due to greater loss of soil moisture during the summer months. Clean 
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cultivation, though otherwise desirable, must not be overdone at the expense 
of tree growth and health. The advisability of clean cultivation depends on 
the specific ecological con.ditions of a region. 

10.2.5 Non-tillage 

With this system weeds are killed by herbicides. As the ground is left bare, 
there is good penetration of water. Reduction in cost of cultural and har
vesting opcrations is obvious. However, this system has some disadvantages, 
as the soil dries quickly and irrigation is needed more frequently. 

Although opinions stilI differ widely about the relative benefits of 
cultivation, sod culture, and mulching, if one considers their respective 
merits and demerits for orchards, tl}e inclination is toward non-cultivation 
practices with the use of chemical weed control. 

10.2.6 Cover crops 

Cover crops are grown generally in late summer or autumn and ploughed 
under in late spring. Small grains, small-'leeded legumes, and annual grasses 
make very desirable cover crops in small fruit plantings, vineyards, and 
nurseries. In the dormant season, they are effective in reducing both wind 
and water erosion. In cold climates they hold snow which adds moisture to 
the soil. Cover crops open up the soil with their root growth, add organic 
matter, and (if they are legumes) build up the nitrogen content of the soil. 

10.2.7 Rotation 

Crop rotation is an important system of soil management. It is the raising 
of succeeding crops in the same field following a regular plan so that 'soil 
fertility is not adversely affected or may even be improved. It is practiced to 
equalize depletion of nutrients, avoid toxic effects on the succeeding crop, 
and control pests. Crops vary in their nutritive requirements in both kind 
and quantity, so natural adjustments in the soil are made by rotations. For 
example, tomatoes use a great deal of phosphorus. When a crop of tomatoes 
is followed by cabbage, which uses much less of this element, the soil is able 
to recover its balance. Some crops have a toxic effect upon the same crop. 
if they are grown on the same land year after year or even in one succeeding 
year. Insect pests and diseases become more serious if their host species is 
planted repeatedly in the same place. Relocating the next season's trop may 
help in eliminating or reducing the seriousness of the hidden pests in the 
surrounding vegetation or in the soil. 

Since most vegetables are annual crops, they fit well into a four or five
year rotation. On upland soils, for example, the following rotatiQn may prove 
satisfactory: potatoes-cabbage-onions-legume. Legumes are usually 
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ploughed under for green manuring. A fruit orchard, on the other hand, is 
a long-term crop lasting about 25-50 years or more. An orchard on level 
land can be renovated by plowing in green-manure crops, growing fibrous 
rooted crops which open up the soil, and growing row crops with which good 
weed-control methods can be practiced. Such a rotation plan may require 
a generation (Denisen 1979:86-87). 

10.2.8 Intercropplng 

Perennial horticultural crops, particularly fruit orchards, have wide spacing 
between rows and between plants. Before maturity, these plants are small 
and do not fully utilize the land, which may permit short-term crops to be 
interplanted. Vegetables and other small truits are often interplanted in 
young orchards. The main objective is to earn some income before the trees 
begin bearing fruit. Making better use of the land and available nutrients is 
an important reason for intercropping. However, the main consideration 
should always be not to let the intercrop compete with the primary crop. 
Short.,..term crops are less apt to compete with the primary crop and also 
easier to eliminate when necessary (Denisen 1979:87). 

Intercropping in orchards has been controversial. Farmers want to use 
available land in the orchard, while experts believe that space between the 
young trees is necessary to ensure sufficient feeding area for their roots and 
healthy tree growth. Progressive orchardists and experts agree that crops like 
wheat, cotton, sorghum, maize, and sugar cane, which exhaust soil nutrients, 
should be completely avoided as intercrops. Tall growing intercrops, besides 
exhausting the available food, also spoil the shape, of the fruit trees, thus 
affecting their productivity and health. The same thing happens with some 
medium-tall crops like cotton. Aside from the nutrient-depleting effects of 
the cotton crop, orchards intercropped with cotton will tend to grow upward, 
giving an awkward look. Bearing fruit trees have extensive r60t systems, so 
any crop grown between the lines or plants creates nutritional and other 
problems for the trees. 

Moreover, through intercropping there is frequent transmission of 
insects and diseases to orchard trees, which adds to the cost of plant protec
tion, and in some cases may cause decline and early death of the trees. 
Cultural requirements like critical times for irrigation and ploughing also 
differ for fruit plants and field crops. Cotton, for example, requires frequent 
pesticide spraying (five sprays in the two months from August 15 to October 
15), while fruit trees require less. The frequent sprays necessary for cotton 
may result in serious injuries to fruit trees. 

Intercropping with winter crops like berseem was previously recom
mended, but frequent irrigation to this fodder crop has had serious impact 
on the longevity and health of many orchards. In Pakistan, one of the main 
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causes of fruit trce decline in general, and citrus decline i~ particular, is the 
raising of berseem fodder in orchards. A wet root zone during winter is fatal 
for citrus orchards, while berseem needs weekly irrigation during this season. 
The transmission of root rot and other soil-borne diseases to the fruit trees 
is another very serious problem with intercropping with berseem. 

Thus for maximum orchard growth, production, or health, scientific 
evidence does not favour intercropping. I:I0wever, farmers with small land 
holdings and need for diversified income will find it difficult to resist inter
cropping. Research on the annual biological and economic effects of orchard 
intercropping is critical, and the results must be made available to farmers. 

10.3 Water and nutrient management 

Water is an essential environmental factor which should be controlled by 
drainage, storage, diversion, and irrigation. The wise use of water is obl,iga
tory for all farmers, as growing plants have a high demand for water. An 
optimum supply of soil water is essential for maximum root development. 
Well developed roots in turn absorb optimal quantities of water and nutri
ents, producing healthy top growth and higher yields. Excess water, on the 
other hand, causes unhealthy roots due to poor soil aeration. 

Some of the important functions of water in plants are given below. 

1. It is a normal constituent of all plant tissues. 
2. The rate of formation of carbohydrates and organic nitrogenous com

pounds is directly proportionate to the amount of water in plant tissues. 
3. Water must be present in the soil to encourage fixation and as a medi

um of transport for nutrient minerals. 
4. Water has ,a moderating effect on temperature. 
5. It keeps the plant cell turgid, which is essential for normal growth and 

cell division. 
6. Enzyme activity is advcrsely affected by a deficiency of water. 

Lack of water is the major limiting factor in crop production in vast 
areas of the worl,d. Much of the productive land is totally dependent on 
irrigation. In addition to the amount of available irrigation water, it is also 
essential to know how rapidly this water will be depleted:Probably the most 
useful measure of water loss is evapo-transpirational potential. This measure 
takes into account both evaporation from the soil and transpiration by 
plants. Several methods have been used to estimate evapo-transpirational 
potential which include (a) calculation of incoming, outgoing, and net radia
tion; and (b) the use of lysimeters. A lysimeter is a large container of soil 
in which a crop is grown; water loss is determined by weight loss of the 
entire container. 
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Horticultural plants are very sensitive to their environment. they react 
adversely to excessive heat, frost, dry soil, excessively wet soil, low soil 
oxygen, and air pollution. Poor irrigation may result in areas of soil dryness, 
and excessively wet soil is a strongly contributing cause of low soil oxygen. 
Damage from excessive heat has been observed to be greater in poorly 
irrigated garden soil than in soil which has been well irrigated. There is 
danger in over-irrigation as well as in under-irrigation. There is no simple 
rule, but factors including specific requirements for kinds of plants, plant 
size and age, climatic conditions, soil characteristics like water-holding 
capacity and, texture, water already present in the soil, depth of irrigation, 
interculture practices, and presence or absence of windbreaks and,other 
plants must be considered. 

10.3.1 Methods of irrigation 

1. VEGETABLES. With vegetable crops, appropriate irrigation practices vary 
for different species and from area to area, depending on agro-climatic 
conditions. Vegetable crops are irrigated through surface, sulrsurface, and 
spray systems, which are explained in the following paragraphs. 

Surface irrigation. Surface irrigation is the application of water directly 
to the soil surface. This system is used on deep, compact, and uniformly-tex
tured soils with a gentle slope. Surface irrigation is given to vegetable crops 
through the border and· furrow systems. In the border system, after land
levelling, borders 15-25 cm high are made around the field, which may be 
divided into sub-blocks for separate irrigation. In the furrow system, the 
land is thoroughly levelled and 15-20 cm deep furrows are made between 
the rows. This method is commonly used with vegetables grown in rows in 
the arid and semi-arid regions of Pakistan. 

Although surface irrigation is easy to do, it results in uneven water 
distribution and wastage of water through leaching on open and porous soils. 
It cannot be used efficiently on uneven or unlevelled soils. Puddling and 
baking of the soil also occur with this method of irrigation. Making sub
blocks in the field increases the cost of labour. 

Sub-surface irrigation. Water is applied under the soil surface in the 
root zone of the plants through emitters, which are discussed below under 
fruit plants. It is continuously available; loss of water is minimized; there is 
no loss of water from the soil surface; and more soil can be utilized for 
vegetable raising. On the other hand, it is very costly and difficult to install 
and operate. It is not useful in porous soils or in those which have hardpan. 

Spray irrigation. Spray irrigation is giving water to crops in the form 
of a spray similar to gentle rain. Irrigation by this method can be used for 
vegetable growing on all types of soils, and on both levelled and rolling land. 
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Stationary nozzles, portable sprinklers, and perforated pipes can be used for 
spray irrigation of vegetable crops and nurseries. 

The merits of this method are uniform distribution of water on all types 
of soils with minimum loss of water and nutrients through leaching, no soil 
erosion, and full utilization of land. However, its initial and operating costs 
are very high. It may also not work in areas with continuous strong wind, 
and may cause excessive loss of water through evaporation. Mechanical 
difficulties in the working of sprinklers and difficulties in moving pipes in 
soft vegetable fields are some points which are not in its favour. 

2. FRUIT TREES. Success in the fruit industry may depend on how well and 
economically the trees can be irrigated. Efficient irrigation means providing 
sufficient water in the root zone of plants at all times, without either exces
sive penetration' below the root zone or excessive waste through surface 
evaporation and runoff. Planning an efficient irrigation programme requires 
determining the best answers to the following questions. 

1. When and in what quantity should water be applied? 
2. What is the most efficient method of using the irrigation water 

available to plants without undue wastage? 

The best method of irrigation in any region should supply a sufficient 
quantity of good quality water to the plants at the right time ~ith minimum 
expense. The irrigation schedule should be based on knowledge of water 
quality, soil and root zone conditions, overall climatic conditions, and varia
tion in the sensitivity of the tree to its environment. 

Keeping in view factors such as soil topography, water resources, and 
availability of capital, the following methods of irrigation are possible under 
the agro-ecological conditions in Pakistan. 

1. Channel system 
2. Channel-basin system 
3. Modified-basin system 
4. Flooding or common method of irrigation 
5. Furrow irrigation 
6. Sprinkler irrigation 
7. Drip or trickle irrigation 
8. Alternate-middle irrigation 

1. Channel system. In this system, the trees are connected by channels, 
and water is given to the plants through them (Fig. 10. I-top ). Although this 

'is a simple and easy method of irrigation which requires little labour and 
little technical know-how, it causes much water loss and the passage of 
infection from one tree trunk to another. 
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CHANNEL SYSTEM 

Channel basin 

CHANNEL-BASIN SYSTEM 

Figure 10.1 Channel system and channel-basin system of irrigation 
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2. Channel-basin system. Trees are connected with channels, but 
around each tree a basin is made (Fig. lO.1-bottom). This system has all the 
merits and demerits of the channel system, except tlnlt more of the root 
zone is wetted, and it requires more labour to make the channels and basins 
and keep them clean. ' 

3. Modified-basin system. In this system a w:ater channel is made be
tween the tr.ee rows. Basins are made around the tree trunks and then 
individually connected with the central water channel (Fig. 10.2). Laying out 
this system is difficult and expensive, and intercropping is impossible, but 
water loss is somewhat reduced. 

4. Flooding or common method of irrigation. Flooding like that done 
for field crops is also the general practice for irrigating orchards· in Pakistan. 
It is the simplest, easiest, and cheapest method of wat,er application, but 
causes maximum water losses, leaching of nutrients, and uneven water 
distribution in the field, which may result in waterlogging. It cannot be used 
on uneven/unlevelled soils and on soils with non-uniform topography. 

5. Furrow irrigation. Furrow irrigation can be done if the slope of the 
land and size of water source are such that they will not cause erosion. 'Fur
rows should be spaced close enough together so that the wetted areas meet 
and the water is kept in the furrows until it has penetrated to the desired 
depth, In this method, water loss is minimized and waterlogging does not 
occur. Also, less labour is needed to set up and maintain the furrows:-Some
times, however, it causes uneven distribution of water, making less water 
available to the root zone and necessitating more frequent irrigation. 

The number of furrows between the rows of trees varies, depending 
upon circumstances and need. With young trees, at first there may be only 
one furrow on each side of the row within a foot or two of the row. Later 
two furrows are made, at a gradually increasing distance from the trees. As 
the trees grow and their root systems spread, the furrows can be made 
farther away from the trees and additional ones added as needed. As the 
trees get larger, three to eight narrow V-shaped furrows are used between 
each row of trees. Each of these furrows carries a relatively small flow of 
water, but since several are used and the flow continues for an extended 
period of time, a large part of the entire soil is usually wetted. This system 
is most useful in medium to fine-textured soils. 

Broad-based furrows are becoming increasingly popular among fruit 
growers, particularly citrus farmers. A broad, flat furrow wets a larger 
surface area than a narrow V-shaped one. It also allows the use of a large 
stream of water in each furrow, so that the water reaches the lower end of 
the run more quickly, and more uniform irrigation can be achieved. This is 
advantageous in medium-textured to moderately coarse-textured soils. 

6. Sprinkler irrigation. Sprinklers can be used under a variety of condi
tions, and can be adapted to rolling or steep lands and to soils of 
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Channel Basin 

Figure 10.2 Modified-basin system of irrigation 
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non-uniform topography. Their advantage is that they need no levelling and 
can make use of small streams of water. Usually sprinklers wet the soil 
approximately uniformly. The disadvantages of sprinklers are that they have 
high capital investment and maintenance costs, and they limit the amount 
of water that can be applied at one setting of the pipelines. Moreover, once 
the original design of the system is adopted, its operation is inflexible. Low
hanging branches of some fruit trees may interfere with the spray from the 
sprinklers and cause uneven water distribution. SaIts present in water also 
get deposited on the leaves, which may injure them. 

Different types of sprinklers are available. The choice of type 'should be 
based on the soil and wind conditions of the area, and also on the quality 
of water. Some of these types are explained in the following paragraphs. 

Overhead irrigation systems have a medium to large, rotating sprinkler 
head mounted on a tall riser extending above the tree tops. The spacing 
between sprinklers depends upon their size but usually it is 15-25 m. This 
method of irrigation may prove unsatisfactory in a strong wind, but it has 
the additional advantage of increasing humidity and modifying the climate 
within fm orchard on hot days. It may also be used for frost protection. 
Overhead irrigation should not be used with poor-quality water or in clima
tic conditions that could produce leaf burn. 

There are several types of under-tree sprinkler irrigation systems. One 
type has portable, lateral aluminum pipes to which low-angle, rotating 
sprinkler heads are attached by means of a short, 1? cm riser. The sprinkler 
heads may be spaced at distances of 6, 9, or 12 m. Distance between pipes 
is usually the width of two tree rows. The trees interfere somewhat with uni
form water distribution. Perforated, portable, lateral aluminum pipelines 
attached to a pressurized water source can also be used. The application rate 
tends to be higher than that with rotating sprinkler heads, but sandy soils are 
capable of absorbing a high rate of application. 

Individual tree sprinklers having a very low rate of output are a popular 
modification of the under-tree system. The orchard is equipped with plastic 
distribution lines 5-10 cm in diameter, which are usually buried with risers 
and valves at every other row of trees. To the valve is connected a 1.25 cm 
diameter flexible plastic hose like a garden hose. Another modification used 
for young trees is a water line with fixed-jet or micro-sprinklers opposite 
each tree. As the trees grow, the line is 'gradually moved away from the tree 
row. When it gets too far away for the fIXed jet to irrigate sufficiently, the 
jet is replaced by a rotating sprinkler. 

7. Drip or trickle irrigation. Sprinkler irrigation wets a large land 
surface, whereas drip or trickle irrigation only wets a specific area surround
ing the plant. The rate of application is so slow that little or no flow of 
water occurs on the surface. The system discharges the water onto the 
ground through one or more emitters adjacent to each tree, which are 
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ul>ually connected to a,narrow lateral plastic line that extends parallel to the 
tree row. It may either be buried slightly between trees or lie on the surface. 

Since in this system there are a limited number of emitters, a large root 
area cannot be wetted. Frequent irrigations are needed, each of limited 
volume to avoid over-wetting the soil. Irrigation is generally done daily or 
every other day depending upon the needs of the tree. 

Though there are several advantages of drip irrigation, namely water 
savings, restriction of weed growth to wetted areas, utilization of problem 
soils, and sa\dngs in labour, there are also many disadvantages. It is very 
costly to install; the continuity of the flow of water through the emitters is 
unreliable; and salts accumulate around the root zones of the plants. As the 
root area becomes restricted to the wetted region only, problems of weak 
tree anchorage and unsatisfactory yield may arise because of the small root 
zone and small root volume. Therefore, drip irrigation must be tested under 
specific field conditions before its installation on a large scale in any region 
of the country is recommended. 

8. Alternate-middle irrigation. In alternate-middle irrigation every 
other space (middle) between rows is watered with under-tree sprinklers, 
leaving half the between-row spaces unwatered. At the next irrigation, the 
previously unwatered middles are irrigated (Fig. 10.3). Thus one side of 
every tree in the orchard receives water at each irrigation. This method is 
based on the fact that water absorbed by any portion of the root system is 
lreely translocated to any part of the branches and leaves of the tree. 

Alternate-middle irrigation is very helpful in overcoming the effects of 
water shortage. It provides a means of covering the entire plantation in a 
short period, so that the intervals between irrigation are not so long that 
trees become stressed However, this system cannot be easily adopted on a 
permanent basis. It is generally used just to get plants through a dry period 
during times of water shortage. Much labour is required to move the sprin
klers every time; the person supervising the operation must also be able to 
run all the operations smoothly and accurately. 

10.3.2 Timing of Irrigation 

The aim of irrigation should be to wet the soil to an even depth around the 
root zone. Water which penetrates below the root zone cannot be used by 
the roots and is, therefore, wasted. The depth of rooting can markedly affect 
how long a crop can thrive without the addition.ofwater. Lettuce, strawbCr
ry, and radish plants are shallow-rooted and deplete the root zone of avail
able moisture more rapidly than do deep-rooted crops such as tomatoes and 
tree crops. Thus frequent but light irrigation is needed for shallow-rooted 
crops, and heavy but less frequent irrigation for deep-rooted plants. 
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Irrigation frequency also depends upon the soil type. Fine-textured soils 
hold moisture longer than coarse-textured soils, and deeper soils hold more 
water than shallow ones. Organic matter increases the water-holding 
capacity of light soils and improves aeration of heavy soils. 

Irrigation needs vary from species to species and from region to region. 
For example, with citrus fruits 30 hectare--cm/ha irrigation is needed near 
the coast, and this requirement increases to 90 or more hectare--cm/ha in the 
interior. As much as 1.8 hectare-m/ha are used in some desert plantations. 
In California, where citrus orchards are extensively irrigated, and where 
water is carefully conserved, the total water provided by rainfall and irriga
tion is usually from 90-100 hectare--cm annually. If .rainfall provides VJ to V2 
of this quantity, the remaining 2jJ to V2 has to be provided by irrigation. In 
seasons of extreme drought and scarcity of water, even less than 60 hect
arc--cm is sufficient to carry trees through; but if this situation persists year 
after year, failure will inevitably result. 

With fruit orchards, in order to determine when to start irrigatlon, 
systematic soil examination should be done between two and three weeks 
after the last good spring rain and/or 10 days to two weeks after each irriga
tion. It is also important to check the depth to which water has penetrated 
two to four days after each irrigation. The interval between irrigations for 
fruit trees generally ranges between 10 and 20 days. The proper interval is 
not determined by the calendar or by the soil type, but should be based on 
the rate of use by the trees. Water should be given to the plants when most 
of the root zone is nearly dry. A good rule is "always irrigate qry soil, never 
irrigate wet soil." In the climatic conditions prevailing in most parts of 
Pakistan, after March until .the beginning of winter orchards should be 
irrigated fortnightly, and during winter irrigation is done every month de
pending on precipitation. 

10.3.3 Critical periods 

There are critical periods for water supply in the life span of every. vegeta
ble. During this critical period irrigation is essential. If water is not supplied 
during this period, yield will be badly affected. Critical periods differ for 
various vegetables; some important ones are given here. 

Critical periods Vegetables 
Germination All species, particularly summer or fall 

vegetables 
Pollination Lima beans 
Pod enlargement Peas, lima and snap beans 
Head development Cauliflower, cabbage, brocColi 
Root, bulb, and tuber enlargement Carrots, radishes, turnips, onions, 

potatoes 
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Critical periods 
Flowering: ear, fruit, and seed 
development 
Fruit set and development 
Flowering to harvesting 

10.3.4 Water quality 

Vegetables 
Cucumbers, peas, squashes 

Melons 
Eggplant, peppers, tomatoes 

Most horticultural plants are very sensitive to the presence of salts in irriga
tion water as well as in the soil. It is, therefore, important to know the 
quality of water used for irrigating various horticultural crops. These crops 
vary in their tolerance of various salts, so a water analysis is advisable. The 
water should not contain amounts of dissolved salts excessive for the crop 
to be raised. As a general rule, water which is hard (less sodium, more 
calcium and magnesium salts) is better for irrigation than water which is soft 
(less calcium, excessive sodium salts). This is because Na+ present in soft 
water gets attached at the exchangeable sites of the soil particles, which 
leads to an undesirable soil structure. 

Irrigation water may come from canals, wells, tube wells, ponds, or 
lakes, which may contain salts in variable quantities. Water containing salts 
at 2000 ppm or above causes injury to most horticultural plants, and even 
lower concentrations may prove dangerous unless they are diluted or drained 
away by rain or liberal irrigation. Chlorides and sodium salts are most harm
ful. Chlorides are said to be more injurious than sulphates, while carbonates 
are considered to be the most injurious of all the salts. If there is any sign 
of salt accumulation in the soil, an irrigation of at least 15 hectare-cm is 
recommended. When the natural salt content of the sailor irrigation water 
is high, water should be applied in excess of the needs of the plants in order 
to reduce the concentration of soluble salts in the root zone. 

10.3.5 Nutrient management 

Pakistan's soils are mostly deficient in N, P, Zn, Mn, Fe, and B. Deficiency 
of any of these elements can severely affect plant growth and development. 
Deficiencies invite diseases, hinder uptake of certain other elements, and 
also disturb the physiological processes of plants. Amounts of various nutri
ents and/or fertilizers to be applied depend on the fertility status of the soil, 
and also on various environmental factors. N, P, Zn, M, Fe, and B should 
be included in the normal maintenance fertilizer programmes of horticultur
al crops. A combination of organic manures with inorganic ones gives better 
results than either one used singly. 

In applying"different fertilizers, not only the deficient nutrients but also 
small amounts of sOme other elements should be applied. This, however, 
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must be done very carefully, otherwise the excess of some of these elements 
may cause problems with the others. The major elements can be applied by 
any method, but because of their immobility minor elements should be 
applied only through foliar sprays. Deficiency symptoms and nutritional 
management for various horticultural crops are given in Chapter 8 in gener
al, and in Chapters 13, 14, and 15 in particular. 

10.4 Weed and pest management 

It is difficult to define weed precisely, but one of the most useful is 'a plant 
growing where it is not wanted'. In general, any plant which is out of place 
is a weed. Plants are classified as weeds because they compete for moisture, 
soil nutrients, and light. It is quite possible for a plant to be considered a 
weed in one situation but a desirable plant in another. Certain plants such 
as pigweed are essentially always weeds, but others such as Bermuda grass, 
which is a very undesirable weed in a vegetable field, can be cultivated as a 
turf and pasture crop. 

10.4.1 Damage from weeds 

Weeds can cause damage in various ways, but the damage can be grouped 
into the following five main categories. 

1. Reduction in crop yield. Because of their great number and rapid 
growth rate, weeds effectively compete with crop plants for moisture, nutri
ents, and light, causing costly direct damage in the form of reduced crop 
yields. A troublesome feature of weeds is that they typically produce large 
numbers of seeds which remain viable for a long time, making them very 
hard to eradicate. The general notion that one year of seeding is equal to 
seven years of weeding, is true for most weeds. 

2. Crop contamination. The leaves or seeds of weeds can contaminate 
food crops. Contamination is minimal with tree fruits but is particularly 
serious in leafy vegetables. Contamination of grass seed with weed seeds can 
be troublesome when grass is raised from seed. 

3. Hosts for pests. Weeds also harbour insect pests and disease-causing 
organisms, encouraging their reproduction. 

4. Poisonous weeds. Sometimes poisonous species of weeds cause 
problems. With horticultural crops, poison ivy t;aIl cause serious discomfort 
to people who are allergic to it. Some species of mushrooms are also deadly 
poison. 

5. Lack of aesthetic value. Weeds are very undesirable from an aesthet
ic point of view because they detract from the appearance of areas such as 
lawns, gardens, and golf courses. In addition,. when weeds become larger 
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they interfere with gardening operations. With trees, sometimes climbing 
weeds shade the leaves and cause great damage. 

10.4.2 Types of weeds 

Weeds can be grouped into annuals, winter annuals or biennials, and peren
nials. Those which are very difficult to control and are extremely serious 
pests are called noxious weeds. These types of weeds are explained below. 

Annual weeds. These weeds are propagated by seeds and can easily be 
controlled by cultivation and specific herbicides during their early growth. 
They become more difficult to eliminate if permitted to seed. They generally 
produce many seeds and unless controlled will disperse seeds many-fold for 
succeeding seasons. In Pakistan, they fall into two groups. 

A. RABI SEASON WEEDS: Poa annua (Poa grass), Phalaris minor (dumbi 
sitti),Avena fatua (jang/i jawi), Chenopodium album (bathu), Chenopodi
um murale (krund), Fumaria indica (shahtra), Rumex acutus (jangli 
palak), Asphodelus tenuifolius (piazi) , Anagallis arvensis (billi booti), 
Convolvulus arvensis (lehli), Coniopus didymus (jangli haloon), and 
Sisymbrium irio, (khub kalan). 
B. KHARIF SEASON WEEDS: Tribulus terrestris (bhakra), Cyperus rotundus 
(deela), Euphorbia h,rta (dodhak), Trianthema porthlacastrum (It-sit), 
Dactyloctenium aegyptica (madhana grass), Solanum nigrum (makku), 
Ehinochloa colonum Swank, Heliotropium supinum (oant char a ), Datura 
indica (dhatura), and Euphorbia pilulifera (hazardani). 
Biennial weeds. These weeds grow for two seasons. They germinate in 

late summer or fall, overwinter, and then resume growth and flower the ne~ 
spring. They are an especially serious weed problem in the following spring. 
Typical examples are Capsella bursapastoris (shepherd's purse), Lepidium 
virginucum (peppergrass ),Stellaria media (chickweed), and Hordeum jubatum 
(squirrel-tail grass). 

Perennial weeds. Perennial weeds live for many years and are a serious 
problem for many horticultural crops, especially perennials. Many perennial 
weeds can propagate themselves both by seed and vegetatively. They are 
often deep-rooted, very persistent, and able to withstand many efforts to 
eliminate them. In some cases an entire crop season is lost reclaiming land 
infested by perennial weeds. Some of them become extremely competitive 
even as individual plants. They include Sorghum halepense (baru grass), 
Desmostachya bipinnata (dhabb ),Achryanthes aspera (puth kanda), CalotTOpis 
procera (ak), Cynodon dactylon (khabal grass) and Cyperus rotundus (deela). 
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10.4.3 Weed control 

Weeds can be controlled mechanically, competitively, biologically, and 
chemically. A combination of one or more of these methods can often be 
more effective than a single one in eradicating weeds in horticultural crops. 

Mechanical. Pulling by hand, hoeing, ploughing, and mowing are meth
ods of mechanical weed control. With many crops, hoeing is the standard 
practice, but where possible it is being replaced by ploughing, either by draft 
animals or recently with garden tractors. Mulches such as straw, sawdust, 
and dried sugar cane leaves not only provide excellent weed control but 
offer other benefits such as stabilizing soil temperature and conserving 
moisture. Black plastic sheets (polyethylene) are also very effective in weed 
control. 

Competitive. This is the least expensive method of weed control, but 
it is only possible in a few circumstances. For example, by maintaining a 
good stand of grass in a lawn, weed problems are reduced because the 
germinating weeds are not able to compete with the established grass. 

Biological. As the use of chemical pesticides is very controversial, 
suitable biological control is very much needed. In some instances it has 
been found very successful. For example, prickly pear was a very serious 
weed problem in Australia, but was controlled by the introduction of the 
Argentine moth. Great care must be taken that the insect or the pathogen 
introduced will not harm desirable plants, animals, or the environment. 

Chemical. The most widely used technique of modern weed control 
involves chemicals called herbicides, or weed killers. They may kill by con
tact or systemic action. Contact herbicides kill the tissue on contact, while 
systemic herbicides, which are readily translocated, affect the entire plant. 
With small weeds the entire plant dies; with large weeds, the foliage dies but 
the stem usually remains and new shoots may arise later from axillary buds. 
Discovery of selective herbicides was a milestone because they can be ap
plied in a mixed stand of plants and kill the undesirable plants without 
harming the others. 

The introduction of 2,4-D (dichlorophenoxyacetic acid) in 1944 began 
the era of modern weed control. This was the first of the growth-regulator 
type of herbicides. It is not only effective at very low dosages but is selective 
and readily translocated within the plant. Other phenoxy-herbicides are 
2,4,5-T (2,4,5-trichlorophenoxyacetic acid) and 2,4,5-TP (2,4,5-trichloro
phenoxypropionic acid). These are highly toxic to broad-leaved weeds, but 
not to grasses, and so are widely used for weed control in grasses such as 
turf, corn, and other cereals. Another group of organic herbicides includes 
the amides, aliphatics, benzoic acid derivatives, carbamates, and urea deriva
tives. 
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Contact or systemic (translocated) herbicides either kill the tissue on 
contact or affect the entire plant, since they are readily translocated. They 
include inorganics, petroleum oils, .and certain organics like paraquat or 
diquat. Paraquat is a non-selective herbicide and is often used to kill cover 
crops: It is deactivated as soon as it comes in contact with the soil, so it has 
no effect on the germination or growth of the following' crop. The trans
located types are applied to foliage or to the soil, but in either case are 
absOI bed and translocated. Contact herbicides have residual characteristics 
which make them effective over a long period as pre-emergence herbicides. 
They may be applied before crop emergence but not necessarily before weed 
emergence. 

Herbicides which dissipate after application include the petroleum 
compounds such as Stoddard solvent (a dry-cleaning fluid), fuel oil, and 
kerosene. They are also used on weeds which are present before crop emer
gence. On carrots, these petroleum herbicides -are selective and can be 
applied post-emergence without injury to the carrots. They give a complete 
kill of nearly all annual weed species. 

Pre-planting, pre-emergence, and post-emergence herbicides are various 
soil applied herbicides. Pre-planting herbicides are effective against annual 
weeds, and are applied a few days or weeks before seeding. Pre-emergence 
herbicides kill germinating seeds; they are put on after seeding but before 
crops and weeds emerge. They must, therefore, be either highly selective or 
applied in such a way as to avoid contact with the crop plants. A second and 
third application at three to four-we:k intervals are needed for continued 
control of late germinating seeds. Pre-emergence herbicides include Sasone, 
Alanap 1, and methyl arsenite. Post-emergence herbicides are most effective 
at the young seedling stage and may cause some burning of perennial grass
es. Some post-emergence herbicides are potassium cyanate (KOCN) and 
phenylmercuric acetate (PMA). 

Systemic herbicides 40 not kill immediately. The translocated types are 
applied to foliage or to the soil and are absorbed and translocated to other 
parts of the plant. Plants are eventua1ly killed completely, including the root 
system and storage organs. Major herbicides applied to the foliage include 
2,4-D, 2,4,5-T, Dalapon, Dicamba, and Glyphosate. Dalapon, 2,4-D, MCP, 
and amino triazole are systemic herbicides. 2,4-D produces a hormonal 
action; it causes proliferated growth and in light doses is sometimes a growth 
stimulant. On turf grasses, 2,4-D is selective; it kills most broad-lelWed 
weeds without apparent injury to the ..:stabIished grass, but grassy weeds are 
harder to control since 2,4-D is generally ineffective on them. . 

Systemic herbicides include: Stomp and Dowpon as pre-planting; Are
Ion, Tolkan, Graminon, and Kenoron as pre-emergence and post-emergence 
herbicides; Tibunil, Treflan, Topogard, and Ordram as pre-emergence; and 
Dicuran, Cotogard, Karmex. Saturn, and Brimonal-M as post-emergence 
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herbicides. The most popular contact type herbicide in this country is 
Gramoxone 20 EC, which is usually used as a pre-planting as well as post
emergence herbicide. Dropp is a contact type which is used as a post emer· 
gence herbicide only. 

Precautionary measures. All herbicides are poisonous, so they shoulu 
be handled carefully to avoid injury to man, animals, and desirable plants. 
In many cases, drifting spray from 2,4-0 and other chemicals has caused 
serious losses of vegetables, shrubs, and flowers. Some herbicides are 
absorbed through the stem, so prolonged contact with the plant stem should 
be avoided. It is essential to read and follow the precautions on the label. 

Concluding remarks. In spite of tremendous advances made in recent 
years, the control of weeds continues to be a major worldwide problem. 
Chemicals have provided us with the means to increase food production with 
decreasing labour inputs, but they bring their own problems. One of these 
is the potential damage to human beings, animals, and the environment. It 
seems likely, though, that with adequate precautionary measures, chemicals 
will continue to be a major weapon against weeds. Certainly, however, 
alternative approaches to weed control such as biological control must also 
be more fully explored. 

10.4.4 Pest management" 

Growers of horticultural crops in Pa kistan generally have little knowledge 
of common diseases and insect pests. Also, they usually consult the experts 
only when an attack has become incurable; in many cases the problem could 
have been controlled had it been repor·ted earlier. A grower should keep a 
close eye on the health of bis plants. He should be in regular touch with 
spraying and plant-protection programmes of the Agriculture Department. 
Sometimes the reason for the declining health of a crop is misunderstood, 
and an insect attack is thought to be an elemental deficiency. If it is diag
nosed correctly, the cause of the decline can be overcome by controlling the 
insects. Insect and disease-management programmes for various horticul
tural crops, and the control of various individual diseases and insect pests 
are discussed in detail in Chapter 11. 

10.5 Pruning and training 

The management of plant structure and fruiting wood is called pruning. It 
involves removing parts of a plant's top or root system to increase its useful
ness. Limbs, branches, twigs, shoots, or roots can be removed. Pruning also 
includes the training of plants, or shaping them to forms that function more 
efficiently. Pruning is important for the successful production of fruits, nuts, 
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grapes, and many flowers and ornamentals. Horticulturists look at the yield, 
size, colour, shape, or quality of flowers and fruit in terms of potential 
profit, while for amateurs factors like size, beauty, or quality are ends in 
themselves. Pruning helps both to achieve their goals more effectively. 

10.5.1 Principles of pruning 

Some important principles of pruning are summarized here, following 
Denisen (1979:202-3). 

Modification of apical dominance. Apical dominance occurs when 
hormones produced in the stem apices travel down the stem and inhibit or 
reduce branching and growth of lateral buds. When the terminal growing 
point is removed, the production and flow of these hormones to lateral buds 
is stopped and the initiation rate of lateral growth of branches is increased. 

Balance of roots and top. Plant growth, development, and reproduction 
are significantly influenced by the ratio of roots to top. Reduction of leaf 
area in the growing season or reduction of the number of buds in the dor
mant season has little effect on root area, but a reduced number of growing 
points results in stronger shoots with larger leaves. Increased leaf area 
increases transpiration and photosynthesis, and puts more demands on the 
roots. However, root pruning reduces the absorbing area, slowing top 
growth. Stored food is utilized to replace roots, and top growth does not re
sume immediately after root replacement since manufactured food must first 
be stored in the stem. Proper pruning effects a balance of top and roots. 

Altering growth phases. Regular annual pruning of a growing tree 
stimulates shoot growth. Heavy annual pruning of young fruit trees delays 
early fruit production, therefore pruning should be minimal from the juve
nile to the productive stage. For maximum flower and fruit production, 
however, a plant should show good annual shoot growth. If annual shoot 
growth decreases, as happens with older trees, pruning will stimulate growth, 
and production is usually increased. Nitrogen fertilizer produces a similar 
stimulating effect of increased shoot growth. Both fertilizing and pruning are 
useful in maintaining good flower and fruit production. However, excessive 
fertilizing or pruning can cause the plant to revert to a vegetative state. 

Environmental factors. Desirable pruning and training practices are 
influenced by several environmental factors (Denisen 1979:203-4). 

1. Trees grown in heavy shade are pale coloured, have fewer flowers, and 
.are usually smaller. Frequent pruning to maintain good form allows 
light to strike the leaves and produces dense foliage in hedges. 

2. Pruning can also influence air movement. In spreading foliage, air 
movement is increased. Open structures allow better spray penetration 
for controlling insect pests and diseases. 
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3. Excess moisture tends to produce water sprouts on trunks and primary 
branches. If excess moisture is preceded or accompanied by severe 
pruning, the increased water sprout production wastes plant growth. 

4. Since pruning reduces transpiration, it is useful during drought periods. 

5. Temperature should be considered when deciding whether to prune. 
Soft, succulent growth resulting from over-pruning or late summer 
pruning is more susceptible to winter injury, because there is less time 
for hardening and storing food before the cold weather. 

6. . Crown and crotch injuries due to cold are more likely on trees which 
have (lot been trained or pruned to desirable branching angles. 

7. The trunks of trees trained to a low-headed shape receive less intense 
light, and the bark may be protected from sun scald. 

10.5.2 Objectives of pruning 

Major objectives of pruning are summarized below (Denisen 1979:205-8). 
a. Controlling the direction of growtb. The natural form of a plant can 

be modified to induce it to branch and spread more profusely. Low
branching types can be trained to branch higher. Branches can also be 
trained to grow away from utility wires or buildings. 

b. Developing a strong framework. Some trees have naturally narrow 
crotch angles (40° or less from the vertical). Narrow crotches result in a 
greater loss of limbs from wind storms and heavy loads of fruit than crotches 
with larger angles. The strongest crotches are those in which branches grow 
up from the trunk at angles ranging from 40-90°. Scaffold branches should 
be evenly spaced around the tree, with each branch at least 90° from the 
next one. 

c. Controlling tbe amount of growth. Pruning can either dwarf or 
invigorate a tree. The type, manner, and time of pruning is determined by 
the objective. A combination of dormant and summer pruning promotes 
dwarfness. It is the frequency of pruning rather than its severity that is 
critical in promoting dwarfness. Increased vigour is produced by dormant 
pruning of older wood. 

d. Improving productiveness. Yield can be either increased or de
creased by pruning. The type of pruning depends on the fruit-bearing habits 
or the vegetative response of each species. Decreasing the number of fruit 
buds will usually give fewer but larger fruits and may increase the percent
age of desirable fruit. Severe pruning can stimulate excess vegetative growth 
of scion wood, but suppress fruit bearing. 
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e. Improving quality of product. Fruit has better colour and flavour 
with adequate light. Improving product quality is one of the main reasons 
for annual dormant pruning of many fruit trees. 

f. Utilizing space efficiently. Training, staking, and pruning are done 
simultaneously when tomatoes or roses, for exainple, are grown for the most 
efficient utilization of space. Pruning facilitates cultural operations, for 
example good spray penetration and the use of maintenance equipment, and 
also makes fruit picking easier. Fruit trees with very high tops are difficult 
to harvest. . 

g. Increasing the usefulness of plants. Pruning to modify growth 
increases plant utility. A properly pruned shade tree can provide heavier 
shade and a regularly clipped hedge can become almost impenetrable. Such 
trees and shrubs provide better screening and wind protection. The aesthetic. 
qualities of ornamentals can be enhanced: roses can produce larger blooms; 
vines can produce more concealing foliage, and large or spreading plants can 
be miniaturized by training and pruning. 

10.5.3 Training 

Training is pruning management done to develop a tree framework strong 
enough to bear large fruit crops without the branches breaking. There are 
three main training systems: (a) central leader, (b) modified leader, and 
(c) open centre or vase system. These three structures are schematized in 
Figure lOA. 

a. Central leader system. This system resembles the natural growth 
pattern of most trees. Trees are trained to a main stem and a series of well
spaced, subordinate lateral branches. Apical growth is encouraged, resulting 
in taller trees than with other systems. The advantage of this system is the 
development of strong crotches, and the disadvantage is internal shading, 
which may weaken the central leader and thus reduce the life of the tree 
(Denisen 1979:205). 

b. Modified leader system. This system reduces the height of the main 
trunk and encourages scaffold branches to become larger and longer, thus 
lowering the top of the tree. It combines features of the centI:al leader and 
open centre systems. Th~ central leader is cut back slightly so that it does 
not become dominant, and laterals are cut back and selected repeatedly until 
an appropriate number and distribution of branches is reached. The ceptral 
leader is then cut and the tree is left with a rounded open tpp, low, well
spaced limbs, a strong framework, and well-distributed fruiting ,,"ood. It is 
low enough to facilitate various orchard operations. This is the most desir
able pruning system for many fruits (Edmond et al. 1977:308). 

c. Open centre or vase system. This training system develops a series 
of weU-spaced, coordinate lateral branches rather than a main or central 
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CENTRAL 
LEADER 

OPEN CENTER MODIFIED 
LEADER 

Figure 10.4 Training systems schematized (rc·drawn followmg Edmond et al. 1977:308). 

trunk. These branches are cut back equally each year, which gives them 
equal dominance. The advantages of this system are sufficient light pene
tration for the fruiting of inner branches, and a low-headed tree that facili
tates pruning, thinning, spraying, and picking. Its main disadvantage is that 
the tree becomes weak with crowded crotches which often break under a 
heavy load of fruit (Edmond et al. 1977:307). 

10.5.4 Kinds of pruning 

There are several different kinds of pruning, involving both top and root. 
These are: (a) heading back and thinning out; (b) fine and coarse (bulk) 
pruning; and ( c) root pruning. There are also a number of special pruning 
practices. Fruit thinning is also considered to be a type of pruning. Desirable 
results are often accomplished through a combination of these methods, 
which are explained in detail below and illustrated in Figure 10.5. 
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Thinning out Thinning 

Heading back Heading 

Figure 10.S Types of pruning for fruit trees 
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a. Thinning out and heading back. Thinning out me~ns to remove 
certain shoots, canes, spurs, or branches completely from the base. Heading 
back removes only terminal portions of these parts. Thinning out may 
remove the same percentage of a plant's structure as heading back, but there 
is substantial difference in what is removed, and an even greater difference 
in the response of the plant. Heading back leaves the shoots more crowded 
than does a corresponding thinning. Thinning cut usually does not effect 
much reduction in height or spread, but heading back of comparable severity 
effects substantial reduction in height, sprcad, or both, and leaves a less 
open plant. Thinned plants become taller, and more spreading and open; 
while headed plants become more compact. In general, heading back stimu
lates the development of more growing points by overcoming apical domi
nance, while'thinning out does not have this effect. 

b. Fine and coarse (bulk) pruning. As bearing branches become older 
and weaker, they set fewer flowers and fruit of poor quality, and die within 
a few months. Removing these branches earlier will result in vigorous new 
wood. Removal involves a large number of small cuts; it is fine or thin-wood 
pruning. The term applies to shoots, canes, spurs, and older growth. Coarse 
or bulk pruning is done from the upper and older portions of the top which 
invigorates the lower, interior, shaded, weaker portions. 

c. Root pruning. Root pruning is mostly removal of a part of the root 
system by cutting or heading back the ends of the roots, but there is usually 
some thinning out too. Like top pruning, root pruning affects both the total 
growth of the plant and its vegetative-reproductive balance. In general, 
pruning the roots reduces the area for the absorption of nitrogen and other 
essential elements, and water. Growing-point cells are reduced as are cell 
division and enlargement, and there is reduced utilization and accumulation 
of carbohydrates. Reduction of these processes favours reproductive over 
vegetative processes (Edmond et al. 1977:325). 

Major effects of root pruning are: (i) reduced absorption, (ii) more 
branched main roots and feeder roots, and (iii) reduced top growth. Since 
reduced absorption promotes dwarfness, root pruning was a st~ndard prac
tice for dwarfing plants. Since carbohydrates are stored in the primary and 
second1!ry roots of woody plants, root pruning removes some of the carbohy
drates which would otherwise be used for growth. 

Root pruning can be done on cabbage plants to prevent the heads from 
cracking following an excess of moisture. A spade inserted around the leaf 
area will cut many of the roots. Undercutting of the tap roots of nursery 
plants is also done to produce plants with more compact root systems for 
ease in handling, shipping, and replanting. Root pruning is especially helpful 
in transplanting evergreen plants like citrus or palm trees. It is also em
ployed in the field with established plants to check over-vigorous growth, 



338 Mahmood N. Malik 

which may hasten bearing and increase productivity, but also may produce 
undesirable results (Denisen 1979:215-16). 

10.5.5 Special pruning practices 

Dehorning. Severe cutting back of trees and shrubs to keep them from 
becoming too tall is called dehorning. A somewhat less drastic heading back 
is employed with too-tall fruit trees to make spraying and harvesting easier. 

Pinching. Removal of a plant part that is soft enough to be readily 
broken with the fingers is called pinching. One may remove a shoot or spur 
at its base (thinning) or remove its terminal portion (heading back) by 
pinching. If pinching is done early in the season it stops the growth of the 
pinched shoot and causes it to branch; if done late in the season it stops 
lengthening without stimulating branching. 

Disbudding. Removal of buds is easier after they have started to break. 
Disbudding is useful in preventing the development of laterals on the trunks 
of recently set trees and sometimes in limiting the number of laterals on 
their main branches. However, the labour involved may often be greater 
than the benefits derived. 

There are a number of other specialized pruning practices such as strip
ping, notching, binding, ringing, and girdling (scoring). They are limited to 
treatment of the bark of the trunk or main branches and serve to restrict the 
downward flow of food from leaves to roots, resulting in the accumulation 
of food reserves above the point of restriction. This encourages fruit-bud 
differentiation, flowering, and fruiting. Tying knots in the flexible stems of 
young seedlings has an effect similar to that of girdling. Bending and tying 
down long vigorous shoots on a young tree in its formative years also has a 
similar effect. These operations should be regarded as special practices 
rather than ones to be regularly employed. 

Fruit thinning. Removal of blossoms, tiny fruits, buds, and spurs are 
ways of accomplishing fruit thinning. Pruning some fruiting branches prior 
to bloom will decrease the number of fruit. More shoot growth will occur, 
more carbohydrates will be manufactured, and the remaining fruit will be 
larger. Also, if adequate nutrients are available, increased food production 
will result in an abundance of fruit buds for the following year's production. 
Thus fruit thinning in years when an excess of fruit buds are produced will 
help to overcome the biennial bearing habit of fruit and may force a biennial 
bearer to become annual. 

With all fruit thinning, whether mechanical or chemical, it is important 
to remove the excess fruit while it is very small, less than 1.5 cm in diameter. 
If it is thinned after it gets larger than 2.5 cm in diameter, the pattern of 
-fruit development has already been well established, and there may be little 
beneficial effect on the current crop (Denisen 1979:211). 
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The fruit industry in foreign countries, especially the apple industry, 
uses chemicals for flower and fruit thinning. The general purpose of fruit 
thinning with chemical sprays is to encourage annual bearing and to increase 
fruit size. The apple tree regulates itself naturally to some degree, since less 
than 5-20% of the flowers develop into fruit. However, chemical thinning 
is still necessary. Dinitro (DN) sprays are used to reduce fruit set. They are 
sprayed on clear days with moderate temperature right after the bloom stage 
to kill the blossoms. If frost or rain follows its application, the spray may 
greatly over-thin the blossoms, so D N sprays are very risky in rainy weather. 
If a spray of, naphthalene acetic acid (NAA) is used with polyoxyethylene 
sorbitan monolaurate or Tween 20 as a wetting agent, the amount of NAA 
needed for thinning is greatly reduced. Experimentation with these types of 
sprays on important commercial fruits is still needed in Pakistan. 

10.5.6 Chemical pruning 

The use of chemicals in the regulation of plimt growth is becoming more 
widespread because manual pruning is time-<:onsuming and also very expen
sive. Chemicals are used for the following purposes. 

• To increase the !;lumber of,new shoots per plant 
• To control the shape of the plant 
• To increase the number of flowers 
• To control the time of flowering 

Pruning with chemicals has become an important part of growing orna
mental plants. For chemical pinching, fatty acids, methyl esters, and alcohols 
of chain length Cg-C12 are effective in killing or inhibiting axillary bud 
growth. Chemical pinching of azaleas and chrysanthemums increases the 
number of flowers per plant. Chemicals such as methyl caproate, methyl 
caprylate, methyl laureate, and methyl stearate are effective as chemical 
pinching agents. The commercial. production of chrysanthemums would 
require hours of tedious manual disbudding, but the commercial product 
HAN (C lO-C13 alklapthalenes) has proven very effective for this process, 
with varying response in different chrysanthemum cultivars. 

Root pruning is also done with chemicals. Often a dominant tap root 
develops if the root is not pruned to induce strong, fibrous growth. Since 
hand pruning takes much time, chemicals are used to treat layers in the seed 
beds. When the roots reach these layers, they are chemically pinched. For 
example, when cork oak acorns are planted 8 cm above layers of Osmocote 
and Perlite soaked in copper naphthenate, the tap roots are unable to 
penetrate the treated layers, and a more compact fibrous 'root system 
develops. 
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Plant height can also be controlled chemically. In noral crops these 
'chemicals alter plant growth so that the crop can be grown with less labour. 
Chemicals used for this purpose have the desirable effect of reducing inter
node length without reducing the number of leaves. Amo 1618, Phosphon, 
Cycocel, and Daminozide are used to retard the vertical growth of various 
flowering plants like chrysanthemums, lilies, bedding plants, poinsettias, 
azaleas, and hydrangcas. One of the newest growth retardants is A-Rest 
«(,'Yclopropyl-a-( 4-mcthoxphenyl)-5-pyrimidine methanol). It controls plant 
height and is active at a low concentratIon. 

10.5.7 Pruning of herbaceous and ornamental plants 

Herbaceous plants. Although most pruning is done on woccly plants, it is 
also important for production of herbaceous plants, in which the balance be
tween reproduction and vegetation can be controlled or altered by pruning. 
Vegetables and !lowering crops for which pruning is important are tomatoes, 
cucumbers, chrysanthemums, camellias, dahlias, zinnias, calendula, mignon
ette, and herhaceous fruits like strawberries (Denisen J 979:237). 

Tomato pruning is carried out both in greenhouse and outdoor produc
tion. In greenhouses, individual plants arc usually trained to a single stem 
which is supported by staking or string. After the optimum height is reached, 
the top of the plant is removed, and some side shoots are removed to 
reduce the number of growing points and encourage fruit pioduction. Prun
ing in the greenhouse allows plants to be grown close together and encour
ages fruit to develop above the soil. It also makes spraying and fruit picking 
easier. In field production, tomato plants are trained to one, two, or three 
stems and the fourth, fifth, sixth or succeeding Bower clusters are topped. 
Stakes are usually used for support. This allows close spacing of plants, and 
leads to higher early yields, and fruit ripening off the ground. However, 
pruning increases the total cost of production, as the cost of stakes and 
labour must be included (Edmond et al. 1977:334). 

Cucumbers grown in greenhouses arc regularly trained and pruned. 
Individual plants are trained to a single stem and supported by strings to a 
wire trellis 1-2 m above the ground. For almost two months after plant set, 
the primary laterals are cut back to the first or second female blossom and 
the secondary laterals are removed. This involves both heading back and 
thinning out, and allows plants to be set close together and fruit to develop 
above the ground (Edmond et al. 1977:334). 

Chrysanthemum culture involves two types of pruning, depending on the 
objective. Pinching back terminal shoots in early summer promotes 
branching, contributing to a mass bloom effect useful in border varieties. If 
large individual tlowers are wanted, the plants are trained to a single stem. 
Disbudding also produces large single blooms. Depending on the variety, 
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either crown buds or terminal buds are removed, but in either case only one 
flower is allowed to develop on each plant. Removal of all the axillary buds 
results in one large bloom per stem (Edmond et al. 1977:324-25). 

Ornamental plants. Two types of pruning are done on ornamental 
trees, shrubs, and vines: (1) removing dead, diseased, or injured branches; 
and (2) trimming to make plants proportionate to the size of their growing 
area. 

Severity of pruning depends upon the species and the size of flower 
desired. Severe pruning is practiced in roses which are grown for cut flowers. 
Weak stems are thinned and sturdy stems are headed back. In heading back, 
all cuts are made to an outer bud to promote spreading, and from 6-10 buds 
are usually left on each stem. Flower stems are cut so as to leave one to 
three nodes of the current season's growth on the stem. Climbing roses are 
pruned soon after flowering and the flowers are removed. This stimulates 
the development of new shoots which produce flowers in the following year. 
Rambler roses need a small amount of heading back, and in regula roses 
only weak, dead, and diseased wood is removed (Edmond et al. 
1977:320-21 ). 

For hedge plants, new lateral growth is necessary to produce dense 
compact growth from base to top. Thus the heading-back technique of prun
ing is used. In general, plants are headed back to a uniform height at plant
ing, and as the new shoots reach a length of 15-30 cm they are headed back 
to 7-15 cm. This practice is continued until the desired height is obtained 
(Edmond et al. 1977:321). 

10.5.8 Amount of pruning related to bearing habits 

The amount of pruning varies with plants of different ages. In general, after 
planting the aim should be to build up a proper framework. After the frame
work is built up, the next objective is to produce fruiting wood. Thus at first 
when plants are young, severe pruning is done to build up a strong frame
work. As the plant approaches bearing age, pruning is comparatively less 
severe to permit production of leaves and fruiting wood. In some cases even 
no pruning is desirable. With fruit crops like apples and pears, heavy prun
ing at this time will greatly delay fruiting. The severity of pruning increases 
as the tree increases its bearing area. In older trees, there is often too much 
bearing wood for the roots and leaf area to support. At this time old unpro
ductive wood is pruned away to make. the plant bear regularly. 

The severity of pruning also varies for different fruit trees depending on 
their habits of fruiting. For example, grapes bear only on current season 
wood, so for them pruning is really an annual rejuvenating process. It re
moves all the vine except en.ough one-year-{)ld wood to produce a sufficient 
number of fruiting shoots and leaves the minimum amount of old wood that 
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will make a satisfactory framework for the vine. Thus each year about 90% 
of the vine is pruned out. Falsa is also quite severely pruned to get a good 
crop on the current season's growth. If it is not pruned, loose and vigorous 
plants result, which yield poorly. 

With peaches, fruit is borne laterally on long vigorous one-year-old 
wood. Thus one-year-old wood must be developed for fruit production, and 
healthy older wood maintained for the production of satisfactory new fruit
ing wood. For regular production it is necessary to provide for an adequate 
annual supply of suitable shoots. Moderately vigorous trees are necessary to 
obtain such relatively thin fruit-bearing twigs. Pruning also serves as a way 
of fruit thinning. Often Ih or more of the peach tree is pruned out. 

Apple trees bear their fruit chiefly on old spurs distributed throughout 
the trec. The object of pruning is to maintain an adequate supply of suffi
ciently vigorous spurs. This is accomplished by a light thinning throughout 
the trcc. A heavy pruning like that appropriate for peach trees would force 
thcse spurs into long vegetative growth and fruiting wood would be de
creased. With apple trees, about Y3 or less of the fruiting wood is removed. 
Fruit-bearing habits and the amount of pruning dcsirable for various fruit 
plants are given in Table 10.1. 

Table 10.1 

Fruit 

Apple 

Pear 
Peach 

Fruit-bearing habits and amount of pruning in different fruit 
plants 

Bearing habits Amount of pruning 

Fruit buds are mixed and on opening About Y3 or less 
produce flowering, fruiting shoots fruiting wood is 
with terminal inflorescence. They are removed after har-
borne on spurs of varying ages and vcsting the fruit. 
occasionally on long shoots. 
Same as for apples 
Almost all fruit buds have flower About Y3 or more of 
parts only and are borne laterally on pcach tree is pruned 
one-year-<Jld shoots. every year. 

Swt:et cherry Fruit buds are usually borne laterally About Y3 or less of 
on short spurs. The terminal bud is a tree is removed up to 
leaf bud by which growth of the spur 6-7 years, and very 
is continued each year. little after that. 

Almond Fruit buds have flower parts only and Less than Y3 of the 
arc preserit laterally both on spurs fruiting wood is 
and shoots. removed. 

Plum As for almond 
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Fruit Bearing habits Amount of pruning 

Apricot As for almond 

. Sour cherry As for almond 

About Y3 of fruiting 
wood is removed . 
More than Y3 of 
fruiting wood is 
removed. 

Grapes 

Falsa 
Mango 

Loquat 
Citrus 

Banana 

Flowers are borne laterally on new 
growth of the current season which 
arises from lateral buds on the canes. 
Same as for grapes 
Fruit buds are borne terminally on 
long shoots. 

As for mango 
Flower buds are present on new 
growth appearing in spring, laterally 
or terminally. 

Severe pruning is 
done every year. 

Some pruning is 
done to control 
alternate bearing and 
to remove old, unde
sirable and diseased 
dry branches. 

Regular yearly prun
ing is essential only 
for lemons. For other 
citrus fruits only 
undesirable and 
diseased dry branch
es are removed. 

Inflorescence is lateral and once in Whole plant is re-
the life of the plant. moved after harvest

ing the fruit. 
Pomegranate Flowers are borne terminally on spurs Light thinning out is 

, located on older peripheral wood. practiced and no 
Spurs usually stop bearing after 2-3 heading back is done. 
years and new spurs are formed. 

Persimmon Fruit buds are mixed and produce Only undesirable, 

Walnut 

Pecan 

fruiting shoots on which flowers are dried, and diseased 
borne laterally. Fruit buds appear on parts of the plant are 
two-year or older wood. removed. 
The tree is monoecious. The pistillate Less than Y3 of the 
flowers are borne terminally on spring fruiting wood is 
shoots. The staminate catkins appear removed. 
laterally on spring shoots. 
As for walnuts 
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Fruit Bearing habits Amount of pruning 
Guava Fruit buds are mixed and are termi- Only dry diseased 

nal on one-year-old shoots. The buds undesirable parts are 
on opening produce leafy shoots on removed. 

Jaman 
Olive 

which flowers are borne in the axils 
of the outermost leaves. 
As for guava 
The bearing habit is similar to guava 
but the inflorescence is in the axils of 
the lower instead of the outermost 
leaves. The flowering shoots appear 
from lateral or terminal buds. 

Jujube (ber) The lateral mixed fruit buds produce 
flowering shoots, on which solitary 
flowers are borne laterally. 

Fig Bears lateral fruit buds. 

10.6 Grafting for control of growth 

After 3-4 years se
vere pruning is done. 

Future fruit orchards will likely have trees smaller than those produced by 
seedli!1g rootstocks. More trees can be planted per unit area, and ultimately 
the yield per unit area can be increased. Rootstocks determine the size and 
growth habit of a tree. About 27 different rootstocks· for apples, which vary 
from dwarf to vigorous, have been released, and increasing proportions of 
apple trees are being planted on them. Among these the MaIling and 
Malling-Merton rootstocks released by the East MaIling Research Station 
in England are increasing in popularity. The vigour of citrus trees also 
depends on the growth habits of the rootstocks selected. 

Sweet orange and grapefruit grafted on Poncirus trifoliata (var. Flying 
Dragon) rootstock are hardly 2 m tall. Experimental plantations of grape
fruit and sweet oranges of about 1000 plants per acre (.4 hectare) have been 
made at the Citrus Research Station, University of California at Landcove, 
in the USA. Dwarf apple or citrus trees may yield one-half or even less of 
what plants on conventional rootstocks do, but the increased number of 
plants per unit area increases the total yield. However, it may be that the 
tree life is also decreased. Thus the long-term value of this practice remains 
to be established. To answer such questions, experimentation with grafting 
on these rootstocks on larger areas for a sufficiently long time is required. 
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10.7 Growth regulators and their application 

The relationship between the growth of a plant and its organs has been 
known since the late seventeenth century. Tropistic response of a grass tip 
coleoptile was noted by Darwin in 1897, but it was Went in 1928 who found 
a specific diffusible substance in the tiP of Avena co/eoptile. The substance 
has become known as auxin, and is necessary for growth. 

In the 1930's, study of an unusual fungal disease of rice which caused 
excessive growth of the plant identified a new growth-producing substance 
produced by that fungus (Gibberella fugikurol). The new substance became 
known as gibberellin. Gibberellin-like compounds have been isolated by 
many researchers, mostly from fungi but also from higher plants. The most 
important was called GA3. Another versatile compound was identified in 
1955, and was called kinetin; it is an active cell-division stimulant. Research 
on growth regulators has dealt with not only the development of 
growth-promoting substances, but also with toxic substances and growth 
inhibitor-s, many of which have been isolated from plants . 

. The term growth hormone refers only to naturally occurring substances 
including auxins, gibberellins, kinins, inhibitors, and retardants. The term 
plant growth regulator includes not only naturally occurring hormones but 
also synthetic compounds. These compounds, when applied to plants even 
in very small quantities, can modify their characters, improve quality, in
crease economic yield, and facilitate harvesting. Descriptions of some of 
these substances are given in the glossary of this book. See the entries for 
hormone, phytohormone, auxin, growth regulator, auxin synergists, auxin 
antagonists, anti-aunns, epinastic agent, gibberellins, and kinins. 

10.7.1 Practical applications of growth regulators 

Plant growth regulators were first used in 1932 to stimulate root develop
ment. Since then numerous compounds and growth regulators have been 
developed and tried at varying concentrations for specialized purposes with 
several plants. Although these substances have not yet been used on a large 
scale, their outstanding results and the world's growing problems like the 
high popUlation growth rate, high cost of labour, and limitations in some 
farm operations (like harvesting) have made their application more useful 
and economical. 

Some of the practical applications of growth regulators for specific 
purposes are summarized below. 

a. Rooting of cuttings. Some growth regulators and other substances 
that can be tried for the rooting of cuttings are indolebutyric acid (IBA), 
indoleacetic acid (IAA) , naphthalene acetic acid (NAA), 2,4,5-tlichloro
phenoxypropionic acid (2,4,5-TP), vitamins, sugars, and amino acids. 
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The usual method of application is to dip the base of the cutting to a 
depth of one inch in thc prepared solution: for 24 hours with dilute solu
tions (50 ppm or so), and for up to 30 seconds with a concentrated solution 
(10,000 ppm or so). Application by dusting or in a lanolin paste is also 
common. Table 10.2 summarizes information about growth-regulating sub
stances, dosages, and application times for rooting some major crops. 

Table 10.2 Growth regulators: dosage and timing for rooting major crops 
Growth regulator Time of application 

Fruit crop and dosage and remarks 

Grapes IAA: 100-200 ppm Soaking before callusing, 
good response 

Guava IAA: 50 ppm Early spring treatment, good 
response 

Pear 

Mango 

Olive 

Sweet lime 

IBA: 50-100 ppm 

IBA: 10,000 ppm 
IAA: 10,000 ppm 
NAA: 10,000 ppm 
IAA: 15-50 ppm 
IBA: 15-50 ppm 
Se radix A 

Mid-Nov. treatment before 
callusing, good response 
No response 

No response 

Spring treatment, good re
sponse 

b. Fruit setting and development. It is now well established that the 
growth of fruit after fertilization results from a hormonal stimulus produced 
from within the ovarian tissues. The sources of these hormones may be the 
pollen tube, ovary, the young embryo, or the developing seed. In nature also 
the parthenocarpic prodllction of fruit is brought about by auxins, gibberel
lins, and kinins. Table 10.3 lists growth-regulating substances used to pro
mote fruit setting with maJor crop!'. 

Table 10.3 Growth-regulating substances used to cnhan:Ee fruit setting 
Growth-regulating Fruit crops tested 
substance Dosage with good response 

4--chlorophenoxyacetic acid 25-250 ppm Tomato, grapes 
(4-CPA) 
Cyeocel (CCC) 
Naphthoxyacetic acid 
(BNOA) 

100 ppm 
50-60 PT1m 
and 5-10 ppm 

Grapes 
Tomato, grapes 
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Growth-regulating 
substance 

2,4-dichlorophenoxyacetic 
acid (2,4-D) 
2,4,5-TP 
Gibberellic acid (GA3) 
Gibberellic acid (GA3) 

Dosage 

.001 mglIitre 
(=.001 ppm) 
2-7.5 ppm 
25 ppm 
10-20 ppm 

Fruit crops tested 
with good response 

Pear 

Fig, grapes 
Fig, grapes 
Pear 

Sprays should be applied at the full-bloom stage. 
c. Flower and fruit thinning. The most outstanding feature of chemical 

thinning sprays is their effect on alternate bearing. These sprays reduce fruit 
set early in the season, which lets the tree form more fruit buds for the next 
year's crop. In addition, thinning improves the size, colour, and quality of 
fruit. In many countries chemical thi,nning has replaced hand thinning and 
has provided an easy method to overcome the problem of alternate-year 
bearing. Table 10.4 lists important chemical substances used for fruit thin
ning, along with their dosage and application times. 

Table 10.4 Chemicals used for fruit thinning: dosage and time of 
application 

Name of growth 
regulator Dosage 
Sodium dinitro-orthocresyl- V2-11!J pint in 
ate (Elgetol) 100 gallons 
Naphthalene acetamide 50 ppm 
(Amide-Thin) 
2,3,5-tri-iodobenzoic acid 50-75 ppm 
(TIBA) 
Ethephon 20-200 ppm 

Time of application -
remarks 
At full bloom in apple -
good response 
14-21 days after full bloom 
in apple - good response 
21 days after full bloom in 
apple - good response 
4-8 weeks after full bloom -
effective in peach, plum, 
and apple 

Gibberellic acid (GA3) 10-20 ppm 15-25 days after full bloom 
- good results in apple and 
pear 

Naphthalene acetic acid 
(NAA) 

400-500 ppm 14 days after fruit set in 
citrus - good response 

d. Pre-harvest drop. Fruit drop causing reduction in crop yield occurs 
at various stages of fruit development. The first and the heaviest drop is of 
flowers, which occurs because of structural defects, lack of pollination, 
adverse weather, or nutritive conditions. The second drop is of young fruit, 
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which takes place during March or June. It may be due to embryo abortion, 
low seed content, low moisture and nitrogen supply, poor tree health, or 
adverse weather conditions. Another drop is sometimes experienced in the 
month of September, which may be due to stem-end rot, a fungal disease, 
nutritional deficiencies, or adverse environmental conditions. 

The pre-harvest drop, which is the most drastic, occurs at the time the 
fruit is mature but before it is harvested. Depending on the variety of citrus, 
this drop occurs from November through January or even in February
March with late varieties. Factors contributing to this drop are low auxin 
levels across the abscission zone, high nitrogen content in soil, high tempera
ture, winds, pest and disease attack, and delayed picking. Table 10.5 lists 
important chemicals used to control pre-harvest drop. 

Table 10.5 Chemical control of pre-harvest drop: dosage and timing 
Chemicals Dosages Remarks 
Naphthalene acetic acid 10-20 ppm for Controls drop 2-3 days 
(NAA) apple, 15 ppm after spray and remains 

for citrus effective for 7-14 days. 
2,4-Dichlorophenoxyacetic 5-7 ppm for Effective for 3-4 weeks; 
acid (2,4-D) apple, 18-20 ppm needs 10 days to become 

for citrus effective. 
2,4,5-trichlorophenoxypro- 10-20 ppm Very effective for 
pionic acid (2,4,5-TP) McIntosh and other apple 

varieties. 

e. Regulation of dormancy in plants. In nature chilling is the main 
agent for breaking dormancy and rest conditions in bud and seeds. Chilling 
inactivates growth-inhibiting substances and stimulates the production of 
growth-promoting substances, eventually breaking dormancy. Growth pro
moters found at the end of dormancy are indole-acetic acid, indole-3-aceto
nitrile, indole-3-pyruvic acid, gibberellic acid, and many other gibberellin
like and unknown compounds. Growth inhibitors like acid inhibitor B-Type, 
coumarin, parascorbic acid, naringenin, and other unknown substances have 
been found during deep dormancy. Chemical regulators are also effective in 
breaking dormancy. 

Dormancy can also be prolonged by some chemical regulators. These 
include methyl esters of naphthalene acetic acid, which were tried for root 
and tuber crops, and to prevent sprouting of nursery plants; maleic hydra
zide (MH), which prevents sprouting of potatoes and onions; and salt of 
NAA, which prolongs dormancy of fruit trees. MH-30, used at approximate
ly one gallon per acre or 2000 ppm as a pIe-harvest foliar spray two weeks 
before harvest, has revolutionized the handling and storage of onions and 
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,potatoes for domestic anfot foreign trade. Table 10.6 lists some chemical 
substances used to regulate dormancy. 

Table 10.6 Chemicals used to regulate dormancy 
Growth 
regulator 
Ethephon 
Thiourea 

Kinetin 

Dose Remarks 
10-500 ppm Prolongs dormancy (delays sprouting) 
.5-3% solution Soaking seeds for 24 hours stimulates 

seed germination 
100 ppm Soaking seeds for 3 minutes stimulates 

germination of some high-temperature 
dormant seeds like lettuce 

Gibberellic acid 200-500 ppm Overcomes physiological dormancy in 
(GA3) various kinds of seeds. 

f. Regulation of time of maturity of fruits. Some auxins have been 
found to hasten maturity. 2,4,5-trichlorophenoxypropionic acid (2,4,5-TP), 
when applied as a spray ·at the beginning of pith hardening, has hastened 
maturity of apricot fruit; this effect is further enhanced by irrigation. Appli
cation of 2,4-D in 1 % carbowax to Bartlett pears at the immature stage 
resulted in an increase in the rate of ripening. Gibberellic acid (GA3) at 
2~0 ppm, on the other hand, delayed the maturity of lemon, lime, grape
fruit, Valencia orange, and Satsuma mandarin fruit, thus providing greater 
flexibility in harvesting and marketing. 

g. Widening crotch angles in fruit trees. The crotch angle in fruit trees 
seems to be determined by the amount of hormones produced in the grow
ing parts and reaching the crotch by downward movement. It has been 
shown for Delicious apples in the USA and for Victoria plums in England 
that indolebutyric acid (IBA, 25~d'oO ppm) applied to the terminal pari of 
decapitated plants in the nursery increased the crotch angle proportionately 
to the concentration of IBA. 

h. Effect on storage life of fruits. Application of gibberellic acid to 
foliage after the fruit attains its full size and mature colour has increased the 
storage life of persimmons. Post-harvest storage life can be increased by 11 
days with 200 ppm, 9-10 days with 100 ppm, and 6-8 days with 50 ppm. The 
quality of the sprayed fruit is not adversely affected. Moreover, the use of 
GA not only increases the post-harvest storage life but also extends the 
harvest period. 

i. Effect on flowering and sex expression. Gibberellin may replace 
either the cold or the photoperiod requirements for flowering and seed 
production in many long--day vegetable and flower crops like radishes, 
lettuce, cabbage, spinach, petunias, and chrysanthemums. The initiation of 
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flowering without a cold treatment is also done with _ GA application for 
biennials like celery, cabbage, turnips, sugar beets, arid daisies. 

In cucumbers, GA (1000-1500 ppm) stimulates formation of male flow
ers on all-female (gynoecious) cucumber plants, thus making possible the 
production of hybrids. A single application of 500-1000 ppm of SADH 
30-40 days after full bloom increases flowering in pears and apples. Use of 
1000 ppm Cycocel40-50 days after full bloom has a similar effect on pears. 

j. Cpntrolling dwarfism. Sprays of 25-50 ppm gibberellin can partially 
control the dwarfing effects of virus yellows on red tart cherries. Fruit 
quality is also improved. Growth retardants like Cycocel and Alar have been 
found effective in controlling the size of some ornamental flowering plants. 

k. Regreening of oranges and lemons. The appearance of the yellow 
colour associated with aging in Washington Navel oranges and lemons may 
be delayed and green colour prolonged by spraying them with 15-20 ppm 
gibberellin. The rind can be kept in a juvenile state, thus making it possible 
to shift the harvest date of lemons from early to late spring according to 
market demand. 

10.7.2 Preparation of spray solutions and pastes 

The most common method of applying growth regulators is in dilute solu
tions, either used as foliar spray or as a dip solution. There are also other 
methods such as dusting or mixing in lanolin paste. The practical problem 
is to prepare the solutions in the correct concentrations, as parts per million 
or as percentages. The simplest way to do these calculations is given here. 

Parts per million (ppm). A 1 ppm concentration solution is prepared 
by dissolving 1 mg of the substance in 1000 cc (one litre) of distilled water. 
The same proportion is used for any required dosage. For example, to 
prepare a 25 ppm solution of IAA, 25 mg of !AA is dissolved in 1000 cc of 
di~tilled water to get the required strength. 

On percentage basis. A 1% solution means 1 gram of the material 
dissolved in 100 ml of solvent. 

The relationship between solution strengths given in ppm and percent
age is shown below. 
1 % = 10,000 ppm 
0.1 % = 1,000 ppm 
0.01 % = 100 ppm 
0.001 % = 10 ppm 
0.001% = 1 ppm 

= 10,000 mgllitre 
= 1,000 mgllitre 
= 100 mW1itre 
= 10 mgllitre 
= 1 mgllitre 

or 10 gIlitre 
or 1 gIlitre 
or 0.1 gIlitre 
or 0.01 gIlitre 
or 0.001 gIlitn~ 
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.STUDY QUESTIONS 

1. Explain the different systems of cultivating gardens. Discuss the advan
tages and disadvantages of each system. 

2. It is not recommended to cultivate berseem in orchards. Why? Rec
ommend other winter and summer intercrops, if any are appropriate, 
for orchards of different fruits. 

3. Explain the importance of water and its functions in the life of horticul
tural plants. 

4. What are the critical periods for water supply during the life spim of 
important summer and winter vegetables? 

5. What important management practices should be followed with vegeta
bles from after sowing until harvesting? 

6. Pruning the top promotes vegetative processes and retards reproductive 
processes. Explain why this is so, and give examples. 

7. How does thinning out differ from heading back? Explain each, dis
cussing its advantages and disadvantages. 

8. Discuss the fruit-bearing habits and amount of annual pruning desirable 
for important fruits of your region. 

9. What are the different forms to which fruit trees are trained? Explain 
each with its merits and demerits. 

10. Modified-leader type trees produce strong crotches and a more sub
stantial frame than the open centre type. Explain why this is so. 

11. Explain the important objectives of disbudding/pinching of certain 
flower crops. Give appropriate examples for each point you discuss. 

12. How does pruning of mature citrus tree differ from that of peach trees? 
Which citrus fruits need annual pruning, and why? 

13. What are the objectives of pruning in ornamental horticulture? Explain 
with appropriate examples. 

14. How does root pruning reduce the total amount of plant growth? 

15. Define a weed. Explain why weeds markedly decrease yield. 

16. What are herbicides? State the main difference between non-selective 
and selective herbicides. 

17. Write a comprehensive note comparing chemical control with conven
tional control of weeds. 
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18. Distinguish between hormones, growth regulators, auxins, gibberellins, 
and kinins. 

19. Explain the role of growth regulators in pre-harvest fruit drop. What 
do you recommended to control pre-harvest fruit drop? 

20. How do growth regulators control biennial bearing and dormancy in 
fruit plants? 

21. What are the merits and demerits of various methods of irrigation in 
vegetable crops? 

22. Explain briefly various systems of irrigation of fruit plants with appro
priate diagrams, where possible. 
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11. INSECT PEST AND DISEASE 
MANAGEMENT 

Ali Asghar Hashmi! 

OBJECTIvEs 

A student who has studied this chapter should be able to: 

• Recognize the symptoms of the most common and serious diseases and 
pest infestations and know the m?st effective cOntrol methods 

• Use this chapter as a reference to diagnose other disease and pest prob
lems and decide on the best treatment 

11.1 Introduction 

Research efforts in the production technologies of horticultural crops can be 
highly rewarding. If the harvest is free from insect pests and diseases, the 
produce not only appeals to the eye but also fetches high prices in the 
market. However, because of the severe incidence of pests and diseases in 
the developing countries, many fruit and vegetable crops cannot be culti
vated on a commercial scale. Production of fruits and vegetables in Pakistan 
is also limited by this problem. 

In the case of multiple-organism invasion, the problem of diagnosing 
pest and disease attacks is complicated. While it may be relatively easy to 
diagnose damage by an insect because of its visibility, the damage done by 
diseases is difficult to diagnose because the pathogen is not visible. Also, 
there are many pathogen species which cause differing pathological respons
es in different varieties. 

Familiar diagnostic categories of disease symptoms in plants include: 

• Necrotic symptoms: rot, canker, spot, blight, yellowing, and wilting 
• Hypoblastic symptoms: dwarfing, rosetting, mosaic, and chlorosis 
• Hyperplastic symptoms: galls, blast, and witch's broom. 

The ease with which a disease can be diagnosed depends upon the 
pathogen and plant part infected, plus several other factors. For example, 

IDr. Hashmi is'Principal Scientific Officer, National Agricultural Research Centre, Islam-
abad. • 
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many fungal diseases are easier to diagnose than viral diseases because viral 
diseases may mimic the symptoms produced by nutrient imbalances, pesti
cide damage, pollutants, or other causes. Phloem-based diseases are more 
difficult to diagnose than diseases which are manifested on the plant surface. 

Disease diagnosis in Pakistan is even more difficult because of lack of 
sophisticated laboratory equipment and personnel trained in the diagnosis 
of microbial diseases. There is also less interest in funding basic research on 
diagnostics than in research for chemical control. 

Another problem in Pakistan is the lack of an organized surveillance 
and forecasting system for pests and diseases. Fixed-plot and roving pest 
and disease surveys are being carried out on a variety of commodities, 
primarily with the aim of monitoring the situation so that farmers can be 
advised to adopt suitable control measures. However, only visible damage 
signs have been consistently recorded to gauge the various pests. No plan for 
studies on recurrent patterns of insect or pathogen attack for diagnostic 
purposes has been made. Research work on crops has mainly been oriented 
towards the testing of chemicals, hence very little information about integrat
ed pest management is found. 

Although a large number of insects and diseases are described in the 
literature, little is known about the extent of the losses actually caus~d by 
them. Thus the status of many as pests is hard to determine. 

The purpose of this chapter is to familiarise the reader with some of the 
major insect pests and diseases of fruits and vegetables in Pakistan. Since all 
agriculture students take basic courses in entomology and plant pathology, 
only damage or symptoms and control options have been listed for each 
organism. 

11.2 Fruits 

11.2.1 Insect pests 

11.2.1.1 Citrus 

1. Citrus psylla, Diaphorlna citrl 

DAMAGE: Citrus psylla nymphs suck sap through their sharp stylets. Millions 
of them may infest the leaves and twigs of a single citrus plant. In addition, 
they also produce honeydew, promoting the growth of black fungus that 
retards photosynthesis. The attack also stops the growth of leaves and twigs. 
In addition, flower and leaf buds may wither and die, and fruits remain 
small and juiceless. 
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CONTROL: (1) Cultivate plants properly. Do not grow citrus hedges around 
citrus orchards as they ac! as reservoirs of the pest. (2) Encourage natural 
enemies of the pest: Tetrastichus radiatus W., which is parasitic on its 
nymphs; larvae of Chrysopa sp., maggots of Syrphus balteatus (Degean), lady
bird beetles, and certain mites and spiders which feed on its adults and 
nymphs. (3) Spray with MalathionlPhosphamidonlMethylparathion!Dime
thoate 0.05%. 

2. Cloudy-winged whitefly, Aleurolobus citrl/olii 

DAMAGE: Leaves infested by sap-sucking nymphs and adults curl over and 
fall. Adults avoid light and stay on the underside of leaves and the north 
side of trees. A sooty mould develops on the honeydew secreted by the 
nymphs. Infested trees produce scanty blossoms, most of which are shed. 
The few fruits produced are small and of poor quality. 

CONTROL: (1) Cultural practices recommended are the same as for citrus 
psylla. (2) Encourage predaceous beetles which feed on eggs and nymphs: 
Brumus suturalis, Catana parcesetoa, Menochilus sexmaculatus, and Scymnus 
spp. (3) Spray with any of the following: Lime-sulphur wash (1:2:16) before 
flowering; PhosphamidonlMethyl Demeton!Dimethoate 0.03%; Malathion 
0.05%; resin compound diluted with 6 parts water; or resin soap, dissolved 
in 50 parts water. 

3. Citrus/grape mealybug, Planococcus citrl 

DAMAGE: Nymphs and females extract cell sap from the plants, and excrete 
honeydew on which fungus develops. In addition to reduced general vigour, 
necrotic spots 2-3 mm long form on plant parts and interfere with their 
functioning. In severe infestations, no fruits are set, or they drop prema
turely. 

CONTROL: (1) Wrap polythene sheeting around the main trunk of the tree, 
since the insect overwinters on the lower portion of the trunks. (2) For 
effective control, spray with Phosphamidon/Ethion 225 ml active ingredient 
(a.i.) mixed with one gallon summer oil in 100 gallons of water. 

4. Citrus mealybug, Pseudococcus filamentosus 

DAMAGE: The citrus mealybug feeds on the cell sap, thereby weakening the 
plant. It also excretes honeydew which promotes the groWth of black mould 
and thus reduces photosynthesis. Leaves become pale, wilt, and eventually 
die. No fruit are set when infestation is heavy. 

CONTROL: Spray with Diazinon/Parathion/Phosphamidon 0.03% or Mala
tbion/DiJpethoate 0.05%. 
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5. Citrus red scale, Aonidiello aurantii 

DAMAGE: Scale insects weaken plants by feeding on their sap and injecting 
a toxic substance in their tissues. They infest leaves, branches, and fruits, 
appearing as small dots because of their many shields, and encrusting them 
completely in heavy infestations. Leaves become pale and eventually dry 
along· with twigs. 

CONTROL: Remove and burn infested leaves and twigs. Spray with Phospha
midon/Ethion 225 ml a.i. mixed with one gallon summer oil in 100 gallons 
of water. If summer oil is not available, repeat sprays several times. 

6 •. Citrus leaf miner, PhyUocnistis citrello 

DAMAGE: Larvae of citrus leaf miner feed on the leaf parenchyma of citrus 
making zigzag galleries inside the leaves, which appear silvery from outside. 
Brownish patches form on older leaves, permitting citrus canker to invade 
the tissues. Infested leaves twist or fold but remain on the plant for a con
siderable time, allowing the infestation to spread to fresh leaves. Leaf miners 
reduce photosynthesis, thereby reducing plant vigour. Nurseries are most 
susceptible to leaf miner attack. 

CONTROL: (1) Remove and burn infested leaves and twigs. (2) Chemical 
control is same as for citrus yello~ and red scale when infestation is severe. 

7. Lemon butterfly, Papilio demokus 

DAMAGE: Larvae feed on citrus leaves and terminal shoots, leaving only the 
mid-ribs. Defoliation reduces photosynthesis, thus heavily infested trees do 
not set fruit. Nurseries are sometimes completely defoliated. It is considered 
the worst leaf-eating pest of citrus nursery plants in the Punjab. 

CONTROL: (1) In small orchards, pick and kill the caterpillars. (2) Spray with 
Malathion/Methylparathion 0.05%. 

8. Fruit-pierclng moth, Ophideres spp. 

DAMAGE: These moths suck juice from fruit. Also, bacteria and fungi invade 
through the punctures made by them. Areas around punctures become pale, 
and ultimately the fruit turn prematurely yellow. 

CONTROL: (1) Remove weeds and natural vegetation around the orchard. 
(2) UnriPe fruit: attract and kill moths with a bait containing 1 kg crude 
sugar (guT), 60 g vinegar, and 60 g lead arsenate in 10 litres of water. Ripe 
fruit: ward off moths by producing smoke for two hours after sunset. 
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9. Citrus mite, Paratetranychus citrl 

DAMAGE: Nymphs and adults feed on leaves, green fruit, and green bark of 
citrus, giving them a speckled appearance. Heavy infestation may completely 
defoliate the plants, especially at the nursery stage. Infested fruits become 
prematurely yellow and remain small. 

CONTROL: (1) Encourage predatory mites such as Amblydromella plebius, 
Gnorimus tabella, and Euseius mediocris. (2) When infestation is severe, 
spray with acaricides: Lime-sulphur wash (1:2:16); 1% wettable sulphur; 
Dimethoate 0.03%; DicofoIIMalathion 0.05%. 

10. Citrus nematode, Tylenchulus semipenetrans 

DAMAGE: Citrus nematode reduces terminal growth and vigour, causes 
leaves to yellow and dry, reduces fruit yield, and degrades its quality. 

CONTROL: Just before flowering, and also after fruit picking, fumigate soil 
with Nemagon at 30 litres!ha, after diluting it with water. 

11. Lance nematode, Hoplolaimus indicus 

DAMAGE: In addition to citrus, this nematode also attacks tomatoes, brinjal, 
maize, and sugar beet. Higher populations of the nematode occur in citrus 
trees 10 years and older. The population peaks in April. 

CONTROL: For new plantations, use nematode-resistant rootstock. e.g. 
Poncirus trifoliata. 

11.2.1.2 Mango 

1. Mango mealybug, DrosicluJ stebbingii 

DAMAGE: Nymphs and wingless females suck the cell sap. Tender shoots and 
flowers dry, and young fruits lose their juice and eventually drop off. No 
fruits are set when infestation is serious. 

CONTROL: (1) Destroy eggs laid under infested trees after scraping the soil 
15 cm deep to expose the eggs. Burn all dry leaves and twigs in May-June. 
(2) To prevent nymphs from crawling up the stem; apply km-wide sticky 
bands, or polythene sheets, about a metre above ground, towards mid-De
cember. Burn nymphs congregated below the bands, or shake them into 
kerosene mixed with water. (3) Spray nymphs below bands with Methylpara
thion 0.05%; and those which crawl over the bands, with Methylparathion/
Phosphamidon 0.1 %. For full-grown females use 0.1-0.2% Methylparathion. 
Spray bugs on soil or descending tree trunks with kerosene. 
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2. Mango fruit Dy, Dacus dorsalis 

DAMAGE: Mango fruit flies lay eggs inside the fruit. The eggs hatch into 
maggots which feed on the pulp and make it unfit to eat. At first the infesta
tion is not visible on the fruit surface; later brown spots appear on the 
yielding surface of the infested fruit. 

CONTROL: Destroy all infested fruit to reduce future pest populations. Spray 
frequently with a mixture of 0.05% Malathion and 1 % molasses, or Dime
thoate 0.03%, until a fortnight before picking. 

3. Mango bud mite, Aceria mangiferae 

DAMAGE: Mango bud mites suck the sap of buds, killing them when the mite 
population exceeds the threshold. The mites cause the greatest damage to 
young trees, attacking the terminals of their branches and feeding on bracts, 
producing brown to black patches. Damage to buds causes severely distorted 
new growth manifested in bushy appearance of seedlings, vegetative distor
tion, or dieback of blossoms. On older trees, the mite may produce sporadic 
coarse galls in the branch forks containing large numbers of mites. All 
varieties of mango are susceptible to the bud mite. 

CONTROL: (1) Never use bud wood from infested trees. To avoid overlook
ing the microscopic mite, dip bud wood in a solution of Omit 0.04%. (2) 
Replace extensively damaged trees. (3) Cut out and burn galls on older 
trees, sealing the wounds to prevent infection. (4) Apply full cover spray 
with Dicrotophos/Dimethoate/Formothion 0.1-.2% emulsion in summer. 

4. Mango scale, Phenacaspis cockerelli 

DAMAGE: This scale is usually dispersed by birds and bats in their feathers 
and fur. Severe infestation completely coats the underside of leaves, and 
they become yellow and die. Flower spikes and fruits may also be infested. 

CONTROL: For tpinor infestations, remove and burn infested leaves and 
twigs. For severe infestations, spray infested plants with Phosphamidon/ 
Ethion 225 ml a.i. with one gallon summer oil in 100 gallons of water; or 
with Metasystox/Phosphamidon 0.05-0.07%. 

5. Mango stem borer, Batocera rufomacullltus 

DAMAGE: Adults of mango stem borer feed on leaf petioles and bark of 
young shoots; and the grubs on the wood. When they are confined to the 
heartwood the tree usually survives, but when they traverse the sapwood and 
phloem, the trees always dry up and die due to a disruption of their water 
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and food transport systems. In severe attacks, numerous large circular holes 
appear on the trunk or branches. 

CONTROL: Plug the borer holes with cotton soaked in kerosene or petro
leum, and plaster with mud. Or, inject Methylparathion 0.2% into the holes 
and plug with mud. 

6. Mango hoppers, /dioscopus clypealis and Amritodus atkinsoni 

DAMAGE: Nymphs and adults suck sap from the inflorescence and young 
shoots, causing the inflorescence to wither, turn brown, and fall off. Infested 
trees) therefore, do not bear much fruit. Their growth is also retarded. 

CONTROL: Spray with Carbaryl 0.1 % or Methylparathion/Phosphamidon/ 
EndosulfanlDimethoatelMalathion 0.05% in the morning when the adults 
are less active. . 

11.2.1.3 Date palm 

1. Date palm scale, Parlatorill blllnchardii 

DAMAGE: Larvae feed on leaves and fruits by sucking their sap through their 
stylets. Leaves may be killed if infestation is heavy and fruit rendered un
sightly thereby reducing its marketability. 

CONTROL: Spray·with Phosphamidon/Ethion 225 ml mixed with one gallon 
summer oil in 100 gallons of water. 

2. Red palm weevil, Rhynchophorus ferrugineus 

DAMAGE: Grubs attack date palm crowns. Outer leaves of infested trees 
become chlorotic and die fIrst, followed by inner leaves. The weevils later 
tunnel into the trunk, weakening it and rendering it liable to break. 

CONTROL: To reduce pest population, destroy stumps and date-palm debris 
in orchards. 

3. Rhinoceros beetle, Oryctes rhinoceros 

DAMAGE: Adults bore into unopened leaves and feed on their sap. V
shaped cuts on mature leaves are signs of rhinoceros beetle attack. The 
beetles themselves are not visible during the day since they are night and 
early morning feeders. 

CONTROL: (1) Cut, split, dry, and burn all dead palm trunks. (2) Remove all 
dead palms at not more than a metre above ground. (3)·Dig out, split, and 
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burn stumps more than a metre in height. (4) Burn all other debris in or
chards. (5) Encourage natural enemies, e.g. Seolia procer, a grub-parasite. 
(6) Spray BHC. 

11.2.1.4 Grapes 

1. Grapevine leaf hopper, Erythroneura spp. 

DAMAGE: Adults and nymphs of grapevine leaf hopper suck sap from leaves, 
which, under heavy infestation, die after becoming chlorotic or brown. Loss 
of foliage reduces photosynthesis thereby decreasing the size and quantity 
of fruit. Tiny white spots on leaves indicate the attack of this pest. 

CONTROL: Find insect parasites and predators on this pest, e.g. the fungus 
Entomophthora sphaerosperma, and encourage them. 

2. Grapevine thrips, Rhipiphorothrips cruentatus 

DAMAGE: Adults and nymphs generally feed on the underside of grapevine 
leaves, scraping the leaves with their stylets and sucking the oozing cell sap. 
Infested leaves turn whitish, appear withered, turn brown, curl up, and drop. 
Infested vines do not bear, or the fruit drops prematurely. Any fruit pro
duced is inferior. 

CONTROL: Spray with Dimethoate/Endosulfan/Phosphamidon 0.03%, Nico
tine sulphate 0.04%, or Malathion 0.05%. 

3. Grapevine leaf roller, Sylepta lunalis 

DAMAGE: First to third ins tar larvae skeletonize leaves by eating the lower 
epidermis. Each larva of the fourth and fifth instars rolls a leaf around it. 

CONTROL: Spray Malathion 0.05%, Dimethoate 0.04%, or Phosphamidon 
0.04%. 

4. Convolvulus hawk moth, Herse convolvuli 

DAMAGE: Larvae feed on grapevine leaves, each consuming 10-20 leaves 
daily, defoliating the vines completely. 

CONTROL: If infestation is light, pick and destroy larvae. To reduce pest 
population, use light traps to destroy adults. For severe infestation, spray 
with Malathion 0.05%, Dimethoate/Endosulfan 0.03%, or Carbaryl 0.01 %. 
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5. Hawk moth, Theretra alecto 

DAMAGE: In severe infestations, larvae may defoliate entire vineyards, each 
larva eating 10-15 leaves a day. 

CONTROL: Same as for convolvulus hawk moth. 

6. Grapevine beetle, Sinoxylon anale 

DAMAGE: Adults bore into dormant vines about a foot above ground level. 
Their galleries radiate from the centre, ending in several exit holes at the 
stem periphery. Both adults and grubs consume the xylem and phloem 
tissues of the vine, killing the part above the attacked zone by disrupting the 
flow of water and nutrients. 

CONTROL: Carefully prune and burn infested parts of the vine, also remov
ing loose bark. Clean cultivate the orchard. 

7. Grapevine girdler, Sthenias grisator 

DAMAGE: Adults girdle green branches 1.25-2.5 cm thick, about 15 cm to 
3 m above ground level, before laying their eggs. This kills the vines above 
the girdle. 

CONTROL: (1) Remove girdled branches to suppress the pest population. 
(2) Pick adults at night using torches, and destroy. (3) Spray plants at 
ground level with BHC 0.2%. 

11.2.1.5 Banana 

1. Banana weevil, Cosmopoliles sordidus 

DAMAGEI Larvae destroy the corm tissue of the plants, killing seedlings 
when they reach the growing point. 

CONTROL: (1) To destroy feeding and sheltering places, chop up pseudosto
mas from which banana bunches have been cut, and scatter them to rot. Cut 
pseudostomas close to the ground. (2) Plant only clean and uninfested 
suckers. (3) Cut old stems from rhizomes at ground level, chop into small 
strips and use as mulch. (4) Cover cut ends of rhizomes with compacted soil. 
(5) To trap adult beetles, cut old pseudostomas and place in strategic loca
tions with cut surfaces downwards. Collect and destroy once a week. (6) 
Introduce the predacious beetles Plaesius javanus from Indonesia, and 
Dactylostemum hydrophiloides from Malaysia. (7) Apply Aldrin and Dieldrin 
as dust around pseudostoma bases and to cut surfaces of rhizomes before 
covering with soil. (8) Dip suckers suspected of being infested into Dieldrin 
solution before planting. 



364 Ali Asghar Hashmi 

11.2.1.6 Ber 

1. Ber fruit fly, Carpomyia vesuviana 

DAMAGE: These flies puncture the fruit and lay their eggs inside it. Fruit 
growth slows around the puncture and the fruit is deformed. Infested fruits 
rot around the stones and emit a putrid smell. The flies prefer the fleshy 
varieties of ber. Late-maturing fruits in particular are riddled with maggots. 

CONTROL: (1) Destroy wild ber bushes in the vicinity of grafted ber trees to 
keep down the pest population. (2) Spray trees with a mixture of Malathion 
0.05% and molasses 1%, or Dimethoate 0.03%. 

2. Ber beetle, Adoretus pallens and A. nitidus 

DAMAGE: Ber beetles feed on leaves, cutting round holes in them at night. 
In severe infestations all the trees may be completely defoliated. Such trees 
do not set fruit due to the cessation of photosynthesis. 

CONTROL: Attract beetles by light and drown them in kerosenized water. 

3. Ber mite, Larvacarus transitans 

DAMAGE: These mites may infest any part of ber twigs. The first manifesta
tion of attack is the appearance of minute galls on the twigs. These grow 
and harden with time, attaining a size of about 9 x 4.5 mm. Each gall houses 
a mite, busy sucking sap from the host with its chelicerae. The fruits set by 
infested trees are small and crumpled. 

CONTROL: Spray ber trl;!es with Dicrotophos/Dimethoate/Formothion 
0.1-0.2% emulsion, or Omit 0.04% when the mite is migrating to new sites. 

11.2.1.7 Apple 

1. Apple lacebug, Stephanitis pyrioides 

DAMAGE: Nymphs and adults feed on apple leaves which become disco
loured and lose their photosynthetic efficiency. 

CONTROL: (1) Use coccinellid adults and larvae as predators. (2) Spray with 
Gusathion-M, Lorsban, Malathion, Mitac, Novathion, Perfekthion, Sevin, or 
Sumithion. 

2. Apple wooly aphid, Eriosoma lanigerum 

DAMAGE: These aphids attack stems, twigs, and roots near the surface. 
Attacked apple trees are weakened as the aphids suck their sap, and nursery 
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stock often succumb. Infested trees can be recognised by white wooly tufts 
on the stems and twigs, and cracks in the bark in summer. Fruit from heavily 
infested trees are small, malformed, and without flavour. 

CONTROL: (1) Use parasitoidAphelinus mali and predators of the families 
Chrysopidae, Hem~robidae-, Syrphidae, and Coecinellidae, in biological con
trol. (2) Remove aphids early in the season. (3) As a prophylactic measure 
carefully examine nursery stock and fumigate before transplanting. Seal 
pruning and other wounds on the trees. (4) For light infestations spray any 
one of the following: Lorsban, Malathion, Metasystox-R, Perfekthion, 
Phosdrin, or Primor. (5) For severe attacks, spray Kilnal. 

3. Aphids, Aphis spiraecnia and Brachycaudus helichrysi 

DAMAGE: Aphids attack leaves of apple, peach, plum, and almond. Infested 
Icaves curl to various degrees, and fruits arc frequently deformed. 

CONTROL: (1) Several coccinellid, syrphid, and chamaemyiid predators keep 
the pest popUlation low. (2) Spray with Anthio, Gusathion-M, Lorsban, 
Malathion, Metasystox-R, Perfekthion, Phosdrin, Pirimor, or Zolone. 

4. San Jose scale, Quadraspidiotus pemiciosus 

DAMAGE: San Jose scale infcsts stems, branches, leaves, and fruits of apple, 
plum, pear, and peach. Scale-infested fruit exhibit small reddish discoloura
tions, infested branches, and grayish deposits of various sized scales. In 
heavy infestations, overlapping scales may cover the bark completely. Be
cause nymphs and adult scales suck cell sap, infcsted trees are weakened and 
may often be killcd, especially if they arc young. 

CONTROL: (1) Encourage the following parasites and predators: Chilocorus 
illfernales, C. nigritlls, C. rubidlls, C. blpllstulatlls, Menochillls sexmaculatlls, 
Prospaltella perniciosi (Aphelinidae), encyrtids, Encarsia perniciosl, and other 
coccinelIid spp. (2) In winter, thoroughly spray with 27 litres diesel oil + 
6 kg copper sulphate + 1.5 kg lime, emulsified and diluted 5-6 times with 
water. Alternatively, spray with 3% ESSO tree spray oil emulsion, or DNOC 
0.2%, as soon as tree buds start swelling. During spring and summer, prefer
ably at nymph swarming, spray with Phosphamidon!Ethion 225 ml mixec;l 
with one gallon summer oil in 100 gallons of water. (3) The scale can also 
be controlled with Metasystox/Phosphamidon 0.05-0.07% spray; or sup
pressed with Diazinon or Methylparathion 0.05%, or Methyl Demeton 
0.03% spray. 
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5. Apple cod ling moth, Cydia pomonel/a 

DAMAGE: Larvae tunnel through the fruit and eat the seed. Infested fruit is 
small, shrivelled, and often falls even in moderately strong wind. A small 
hole covered with frass may be seen on its surface. The affected part of the 
fruit is black and rotten. 

CONTROL: (1) At the moth's egg-laying time, release the egg parasite Tri
chogramma chilonis. (2) Use 6 inch-wide cloth or gunny-bag bands, impreg
nated with Gusathion-M, Supracide, Zolone, Lorsban, or Novathion. 

6. Tent caterpillar, Malacosoma indicum 

DAMAGE: This caterpillar defoliates apple, pear, apricot, and walnut trees. 
In severe infestations it even feeds on the soft bark of twigs after the leaves 
are exhausted. . 

CONTROL: (1) Destroy egg clusters in winter. (2) Mop up caterpillar tents 
with rags dipped in kerosene oil, tied to a pole. (3) Spray Malathion 0.5%. 

7. Mite, Cenopalpus pulcher 

DAMAGE: Infested leaves are speckled. Heavily infested ones become dull 
and brittle, and many are shed prematurely. 

CONTROL: (1) Typhlodromus spp. are effective predatory mites. (2) Spray 
with Anthio, Danital, Ethion, Gusathion-M, Hostathion, Kelthane, Lorsban, 
Malathion, Metasystox-R, Mitac, Nevron, Omit, Perfekthion, or Supracide. 

11.2.1.8 Peaches and pears 

1. Black peach aphid, Pteroclorus persica 

DAMAGE: Since black peach aphid is a heavy sap feeder, it attacks tree 
trunks or large branches, and sucks sap from the bark of the host through 
its stylet. Honeydew drips from the infested branches and even trickles down 
the branches and tree trunks, giving them an oily appearance. Since the 
insects are very prolific and have a short life cycle, they cause sap depletion 
in the infested trees. 

CONTROL: (1) Destroy the colonies and egg masses by crushing with rags 
tied on sticks. (2) In serious infestations spray with contact insecticides such 
as Primicarb, Malathion, or Dichlorvos. 
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~. Green peach aphid, Myzus persicae 

()AMAGE: In severe infestations this aphid weakens the trees by sucking its 
mp, resulting in poor fruit set and early fruit drop. 

CONTROL: (1) Spray with Primicarb. If fruit is near ripening, use short 
residual insecticides such as Dichlorvos and Movinphos. 

~. Peach-curl aphid, Anuraphis helichrysis and several unidentified nymphs 
and adults 

[)AMAGE: Nymphs and females suck sap from tender leaves, causing them 
:0 curl. Severely infested plants set little fruit, or the fruit shrivels and drops. 

:::ONTROL: (1) Encourage predacious insects such as Coccinella, Adalia 
iecempunctata L., Menochilus sexmaculatus F., larvae of Syrphus spp., larvae 
md adults of Chrysopa spp. (2) Spray Phosppamidon or Metasystox 0.03% 
n early spring, when the aphids hatch from overwintering eggs. 

I. Pear psylla, Cacopsylla bidens 

)AMAGE: Nymphs feed on pear leaves, arresting their growth and also 
njuring fruit buds, causing loss of fruit. A distinguishing feature of pear 
)sylla attack is sooty leaves, shoot tips, and fruitlets. Pear sucker infestation 
s characterised by blackened shoots and foliage. 

:::ONTROL: (1) Encourage predators such as Chrysopa spp., or coccinellids 
ouch as Menochilus sexmaculatus, Harmonia dimidiata. (2) Spray Gusathion
\1, Lorsban, Malathion, Mitac, Novathion, Perfekthion, or Sumithion. 

;. Plumlpear/apricot/olive scale, Parlatoria oleae 

)AMAGE: The scale attacks all above-ground parts simultaneously-trunks, 
)ranches, leaves, and fruits. Infested trees weaken and die because the 
nsects not only suck their sap but also inject toxic substances into their 
issues through their saliva. Heavy infestation can be recognised by a whit
sh-grey coating on the branches, pinkish circular spots on leaves and fruits, 
md the nymphs congregated on the mid-ribs of leaves. 

:ONTROL: Apply winter oil in winter. Methylparathion and synthetic pyre
hroids should be used during their active season. 

i. Fruit flies, Dacus zonatus and D. dorsalis 

'AMAGE: Larvae feed on the fruit pulp. Egg deposition punctures cause 
hlorotic spots on the fruit, which later becomes mushy, turns brown, and 
lsually drops. 
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CONTROL: (1) Use methyl eugenol lures to attract and kill adults. Put ~ 

small cotton swab soaked with lure in a trap measuring 10" x 6" fitted wit! 
two tubes measuring 2.5" x 1.25", one on each side of the trap. Hang tht 
trap 1-2 metres from the ground on the branches of the tree. (2) Spra) 
Diptrex, Nexag, Nogos, or Zolone. 

7. Buprestid borer, Sphenoptera lafertei (flat-headed peach borers, or 
stone-fruit borers) 

DAMAGE: Young larvae bore through the bark and start feeding in th! 
phloem and eambium, making minute irregular galleries and leaving ; 
powdery mass. Entry points of larvae are marked by gum globules produce( 
by the host as a reaction to the injury. The outer bark of infested trees get: 
loosened and the brownish frass shows through its splits. The leaves become 
chlorotic and brown at the tips and along the margins. Tree branches arc 
killed as a result of gird ling by the pest. Adult beetles emerge through ova 
holes they make in the bark and also in the wood. 

CONTROL: (1) Prune and destroy infested branches. (2) Insert cotton soakee 
in petroleum, kerosene, or ECDT mixture into borer holes; or i~ject Meth) 
parathion 0.2%, and plaster with mud. (3) Alternatively, spray trunks ane 
,branches with Lorsban, Folidol-M or Gusathion-M in March, April, or Ma) 

11.2.1.9 Apricots 

1. Apricot chalcid, Eurytoma spp. 

DAMAGE: Not visible externally. 

CONTROL: (1) Collect and burn dropped fruits. (2) Spray with appropriat 
pesticide at emergence of adults in spring. 

11.2.1.10 Walnuts 

1. Walnut weevil, Alcidodes porrectirostris 

DAMAGE: Weevils feed on green twigs, leaf petioles, flowers, young fruit: 
and kernels, but grubs feed only on the kernels, reducing them to a usele~ 
black mass. 

CONTROL: Reduce pest population by destroying fallen fruit. 

11.2.1.11 Almonds 

1. Almond bark beetle, Scolytus amygdali 
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DAMAGE: Adults bore into new wood at the base of buds and fruit spurs. 
Adult females tunnel into the sapwood to make their brood chambers. 
Heavy infestations weaken the trees, making them susceptible to other pests. 

CONTROL: Prune and bum infested wood. 

2. Cherry tip borer, Quettanill coeruleipennis 

DAMAGE: The cherry tip borer infests almond, apricot, plum, and pomegran
ate. Grubs bore into shoots or branches and work downwards, consuming 
the tissues en route. The residual fluid oozes out of the holes the grub 
makes on the sides of the branches as it moves down. The hollowed-out 
branches ultimately die. 

CONTROL: (1) Destroy infested shoots and branches. (2) Plug holes made 
by grubs with cotton soaked in kerosene, petroleum, or EDCT mixture; or, 
inject holes with Methylparathion 0.2%. Plaster with mud. (3) As soon as 
beetles emerge in May, spray Malathion 0.05%, DimethoatelEndosulfan 
0.03%, or Carbaryl 0.1 %, at 3-4 week intervals. 

3. Termites 

DAMAGE: Termites feed on cellplose which they normally obtain from dead 
plant parts. However, they also occasionally attack living plant parts, when 
they are near their normal food. 

CONTROL: Remove all dead woody material from the orchard. Do not use 
green manure or raw f • .lfmyard manure. Irrigate regularly. 

4. Fruit flies 

DAMAGE: Maggots feed on fruit pulp. At first, infested fruit does not show 
any sign of attack, but later circular and depressed round pa'tches on the 
skin signal infestation. The attacked fruit turns orange prematurely and 
gradually begins to fall. 

CONTROL: (1) Collect all fallen infested fruit and bury 1.5 m deep. Hoe or 
plough soil under infested trees frequently to expose pupae to weather. 
Irrigate after mixing a suitable insecticide, e.g. sanitary fluid, in water. 
(2) Encourage parasites of immature stages and pupae, e.g. Splalangia 
grotuisi and Opius longicaudatus. (3) Spray with Trichlorphon/Dichlorvos 
0.1 % or Phosphamidon 0.057%. 
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5. Muskmelon melon fly, Myioparda/is pardalina 

DAMAGE: The female pierces young fruit with her sharp ovipositor and lays 
eggs inside the fruits. The fruit is deformed and its growth arrested. 

CONTROL: Collect all infested fruits from the soil, or from the trees after 
the crop is over, and destroy them. 

6. Hairy caterpillars, Euproetis jraterna, Euproetis lunata 

DAMAGE: Young caterpillars feed gregariously on the underside of leaves; 
adults feed singly. Infested trees have sieve-like dry leaves with jagged 
edges. 

CONTROL: Spray Malathion/Endosulphon 0.03% on young caterpillars, and 
Methylparathion 0.05% on mature ones. 

7. Red spider mite, Tetranyehus telarius 

DAMAGE: These mites spin webs and feed on the underside of leaves. The 
webs retard leaf growth and the feeding of the mites gradually kills them. 
Consequently fruit set is poor and yield low. 

CONTROL: Spray lime-sulphur wash (1:2:16) Dimethoate 0.02%, Malathion, 
Dicofol 0.05%, or Omit 0.03%. 

11.2.1.12 Pomegranates 

1. Anar butterfly, Viraehola isoerates 

DAMAGE: Larvae feed inside the fruit. Butterfly attack can be recognised by 
a hole on the rind of the fruit, surrounded by a discoloured area. 

CONTROL: (1) Destroy all infested fruit, both fallen and on the trees. (2) To 
deal with heavy infestation, spray twice with MethylparathionO.05% at 10-12 
day intervals. 

11.2.1.13 Miscellaneous pests 

1. Quetta borer, Aeolesthes sarta 

DAMAGE: Mainly a pest of forest trees, the Quetta borer also infests apple, 
almond, cherry, quince;walnut, and peach. Grubs feed inside the wood and 
make numerous galleries inside it. The bark loosens from the infested parts 
and falls to the ground. It is lined with frass. 
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CONTROL: (1) Locate galleries and clean them with a long wire. Insert 
cotton soaked with a persistent insecticide deep into each gallery on the 
trunk surface. 

2. Spotted spider mite, Tetranychus urticae 

DAMAGE: Spotted spider mites attack fruits, vegetables, and ornamentals. 
They suck cell sap from leaves and spin fine webs on them, giving them an 
unhealthy mottled appearance. Apple leaves turn rust coloured and dry up. 
Since buds are also attacked, severely infested trees do not flower normally 
the following spring. 

CONTROL: (1) Encourage predaceous mites and other insects which nor
mally keep spotted spider mite population low. (2) Control serious infesta
tions with miticides, Chlorbenside, Chlorfenson, Tetradifor, Tetrasul, Dico
fol, Chlorbenzilate, Binapyeryl, Dimethoate, Phosphamidon, or Thiometon. 

3. Red spider mite, Panonychus ulmi 

DAMA~E: This mite attacks pome and stone fruits, piercing the leaves and 
sucking leaf sap. Infested leaves appear speckled and turn bronze in colour; 
consequently their phOtosynthetic efficiency greatly decreases. Reduced 
photosynthesis decreases both flower bud formation and fruit size. 

CONTROL: Apply Tetradifor, Triadimefon, or Cyheatin. 

11.2.2 Diseases 

11.2.2.1 Citrus 

1. Withertip (CAUSAL ORGANISM: Colletotrichum gloeosporioides) 

SYMPTOMS: Withertip causes drying up of twigs from the top downwards. 
The disease is therefore also known as die back. The dry twigs later become 
silvery and are studded with the fruiting bodies of the fungus which appear 
as black dots. The disease progresses from small twigs to branches, causing 
their death. If left unattended, it may kill the host. 

CONTROL: (1) Prune and burn dry twigs and branches. (2) Apply 1 kg 
ammonium sulphate with 10 kg well-rotted FYM per tree. (3) In addition, 
spray trees with 4:4:50 Bordeaux mixture. Cupravit, Copper A, and Perenox 
0.2% sprays are also useful. 
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2. Wilt (CAUSAL ORGANISM: Fusarium spp.) 

SYMPTOMS: Characteristic damping-off symptoms in seedlings; in older 
plants there is general decline in vigour resulting in leaf chlorosis a,nd pre
mature fruit drop. 

CONTROL: Grow seedlings in seed beds which have tested negative for the 
presence of Fusarium. Otherwise, disinfect soil before sowing seed by apply
ing 1 part formaline in 320 parts water to soil around trees to an area equal 
to the area of their crown. Then cover with moist burlap for two hours. 

3. Root rot (CAUSAL ORGANISM: Rhizoctonia bataticoia, Rhizoctonia solani) 

SYMPTOMS: Rotting of roots. Cracking of bark near soil level. Exudation of 
gum. Chlorosis and leaf drop from infected branches. Swee~ lime, lemon, 
and lime are highly susceptible; sweet orange and mandarin moderately so; 
and sour orange is resistant. 

CONTROL: (1) Avoid predisposing factors: excessive irrigation, inadequate 
drainage, planting on saline soils, heaping soil around plant base. (2) Raise 
seedlings in disinfected nursery beds. (3) Do not grow fodder in citrus 
orchards. 

4. Sooty mould (CAUSAL ORGANISM: Capnodium citri) 

SYMPTOMS: Velvety black coating of mould on leaves, hindering photosyn
thesis; and on fruits, decreasing their market appeal. 

CONTROL: Control sucking insects since the disease develops only on honey
dew produced by them. 

5. Foot rot (CAUSAL ORGANISM: Phytophthora parasitica; P. citrophthora) 

SYMPTOMS: P. parasitica causes gummosis, foot rot, and root rot, but seldom 
afflicts tissues higher up the trunk. P. citrophthora causes gummosis and root 
rot. It afflicts the aerial parts of the trees more often than P. parasitica and 
causes brown rot more often. Phytophthora spp. cause damping-off of emer
ging seedlings. They may also attack leaves, shoots, and fruits near the 
ground which get splashed by infected soil. Under environmental conditions 
favourable to the fungus, the disease may spread to all the fruits causing 
them to drop. If they don't drop and are harvested, the fungi present in 
them may cause post-harvest decay. Phytophthora may also cause the rot of 
feeder roots which can be serious in susceptible varieties. Feeder-root rot of 
highly susceptible rootstocks may cause tree decline and reduction of fruit 
yields in mature orchards. 
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SUSCEPTIBILITY: The susceptibility rating of various kinds of citrus is roughly 
as follows: Highly susceptible: lemons, limes, sweet oranges, and grapefruit. 
Susceptible: Navel and other early and mid-season oranges. Tolerant: 
Valencia orange. Very tolerant: Tangerines and their hybrids. 

The various rootstocks can be arranged on a descending scale of suscep
tibility as follows: Most susceptible: sweet orange and some sources of 
rough lemon. Tolerant to bark infection: Troy and Carrizo citranges, Rang
pur lime, and most selections of rough lemon. High degree of resistance: 
Swingle citrumelo, alemow, and to a lesser extent, Cleopatra mandarin and 
sour orange. Nearly immune: Trifoliate orange. 

CONTROL: Plant only Phytophthora-free nursery stock. To obtain such stock, 
citrus seed should be treated with hot water at S2°C for 10 minutes to 
eliminate Phytophthora spp. Locate nursery beds on virgin soil if possible; 
otherwise, steam nursery beds or fumigate with methyl bromide or metam
sodium. To prevent foot rot and root rot in the nurseries, drench soil with 
Metalaxyl; or spray foliage with Fosetyl-Al. 

To avoid infecting Phytophthora-free nurseries: 
• Do not plant material from infested sites. 
• Do not till with implements used on such sites. 
• Do not allow people or livestock from infested sites. 
• Divert runoff coming from such sites. 
• Do not bring infected soil into Phytophthora-free nurseries. 

6. Greasy spot (CAUSAL ORGANISM: MycosphaereLla citri) 

SYMPTOMS: Greasy spot infection can 'be diagnosed at the early stage by 
yellow mottled appearance of the upper side of the leaf, and a pale-orange 
to yellowish brown blister on the lower. Later such leaves turn dark-brown 
or even black and appear greasy. But most of the infected leaves drop long 
before this stage is reached. 

CONTROL: (1) Plough in leaf litter to reduce the intensity of the disease. 
(2) Spray fungicides such as copper compounds, Benomyl, and Zineb on 
infected leaves. 

7. Green mould (post-harvest) (CAUSAL ORGANISM: Penicillium digitatum) 

SYMPTOMS: Green mould decay first appears as a soft, slightly discoloured 
spot. This enlarges to 2-4 cm in 24-36 hours, and soon involves the juice 
vesicles. White mycelia appear on the surface of the rind, and produce olive
green spores after they reach a diameter of about 2.5 cm. Infected fruit rot 
in a humid environment, and shrink, wrinkle, and dry in a dry environment. 
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CONTROL: (1) Pick and handle fruit carefully to reduce injury to the rind 
and consequent infection by green mould. (2) Spray orchard with Benomyl 
up to 3 weeks before harvest; or the fruits after they have been picked. 
Several other chemicals can also be used for this purpose. (3) Careful 
picking and handling of fruit minimises injuries to the rind and the risk of 
green mould. Disinfectants such as chlorine, quaternary ammonium com
pounds, formaldehyde, and alcohol are useful for preventing inoculum 
buildup. 

8. Blue mould (post-harvest) (CAUSAL ORGANISM: Penicillium italieum) 

SYMPTOMS: Tissues infected by blue mould become mushy. White powdery 
mycelium develops on the surface of the lesion and blue spores form on it, 
which may later turn brownish-olive. 

CONTROL: Same as for green mould. 

9. Pink disease (CAUSAL ORGANISM: Corticium salmonieolor) 

SYMPTOMS: Pink disease primarily attacks the bark of mature trees causing 
~lecrosis and gumming. The bark gets coverea with a smooth crust of pink 
hyphae which eventually penetrate the bark and kill it. Entire trees or their 
large branches may be killed by such girdling. 

CONTROL: Prune and burn infested limbs. Then spray with copper fungicides 
or lime sulphur. 

10. Tristeza (CAUSAL ORGANISM: citrus Tristeza virus (crY)) 

SYMPTOMS: Almost all species, cultivars, and intergeneric hybrids of citrus 
are susceptible to crY. Symptoms developed by the infected host depend 
on its species, the environment, and the severity of the virus isolate. In sweet 
orange, mandarin, and grapefruit on sour orange rootstock, the virus in the 
scion causes girdling of the rootstock, thus disrupting the flow of food to the 
roots. Some virus strains may cause severe stem pitting, resulting in the 
disruption of the stem tissue. 

CONTROL: No effective control methods have been applied against this virus 
on a field scale in Pakistan. Quarantine and bud wood certification can help 
to prevent the entry of the virus into virus-free areas. 

11. Citrus canker (CAUSAL ORGANISM: Xanthomonas eampestris) 

SYMPTOMS: Citrus canker bacteria cause lesions on the shoots, leaves, and 
fruit. Lesions on the bark girdle the shoot, killing the part above the lesion. 
Leaf lesions begin as small, yellowish-brown pinhead eruptions. As they age, 
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the under-surface becomes raised and they turn into spongy light-brown 
pustules with depressed centres. The water-soaked margin that develops 
around the necrotic tissue of the spot is the most reliable diagnostic sign. 
Lesions on the fruit arc firm, woody, and split by large cracks, making the 
fruit unmarketable. Trifoliate orange rootstock is very susceptible to this 
disease. Sour citrus is moderately susceptible. Young trees are more suscep
tible than older trees. 

CONTROL: (1) Select rootstock and bud wood only from disease-free trees. 
(2) Prune and burn infected shoots. Collect, burn, or bury infected tree parts 
by soil cultivation. (3) Uproot and burn badly attacked trees. (4) During 
active growth apply copper fungicide to all rootstock, grafted plants, and 
mother trees. 

12. Dieback (CAUSAL ORGANISM: Not known; perhaps fungi, bacteria, 
viruses, malnutrition; or a combination of some or all of these.) 

SYMPTOMS: Shoot die back, leaf loss, small leaves with marginal and inter
veinal chlorosis, reduced fruit set, and very dry dead shoots without fungal 
fruiting bodies are characteristic of this disease. 

CONTROL: Prune and burn dead shoots. Collect debris and dead leaves and 
twigs from the orchard floor and burn. 

11.2.2.2 Mango 

1. Fruit rot/Mango anthracnose (CAUSAL ORGANISM: Colletotrichum gloeo-
sporioides and Glomerella cinguiata) 

SYMPTOMS: Anthracnose attacks leaves, petioles, twigs, and fruits. Tender 
branch tips are the first casualty, and they start dying from the top. Oval 
brown spots may appear on leaves, turning necrotic und~r humid conditions 
and sometimes rupturing the attacked tissues. Petioles turn gray or black, 
causing the leaves to droop and dry. Twigs exhibit elongated black necrotic 
areas. Black spots appear on fruit which also start rotting. 

CONTROL: Prune and burn diseased twigs and branches. Seal cut ends of 
large branches with coaltar or sulphur paste. Collect fallen leaves and twigs' 
from the orchard floor, and burn. In February-April and September, spray 
orchards with 6:6:100 Bordeaux mixture; or alternatively Cupravit 1.2%, 
Melprex, or Cobox. 
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2. Root rot (CAUSAL ORGANISMS: Rhizoctonia solani and Fusarium oxyspo-
rum) 

SYMPTOMS: Mango root rot first attacks the rootlets, which rot. It then 
spreads to the smaller roots and then the larger. As a result of the destruc
tion of their root systems, the trees start dying from the top downward. 

CONTROL: One month before blossoming, or two months after it, apply 
antagonistic organisms Trichoderma sp. and Arachniotus sp. (commercial 
names Aspergopak and Trichopak). Add these to wheat straw and mix with 
the soil in the root zone of infected trees. Then apply nitrogenous and 
phosphatic fertilizers. 

3. Dieback (CAUSAL ORGANISM: Diplodia natalensis) 

SYMPTOMS: The first indication of die back is discolouration and darkening 
of the bark some distance from the tip. The dark area advances and young 
green twIgs start withering from their bases. Their leaves turn dark brown 
and their margins roll upwards. The twigs and branches shrivel and die. The 
disease is favoured by high summer temperature (25-31 0c), high relative 
humidity (above 80%), and rains. 

CONTROL: (1) Prune and destroy infected twigs and branches. (2) Apply 
requisite quantity of balanced fertilizer. (3) Give three consecutive sprays to 
infected trees (pre-blossom, and before and after rains). Topsin-M or 
Daconil 2787 can be used for this purpose. If these are not available, use 
Bordeaux mixture (4:4:50) or Mancozeb-based chemicals. 

4. Sooty mould (CAUSAL ORGANISM: Tripospermum acerinum, Capnodium 
mangiferae, and Meliola mangiferae) 

SYMPTOMS: Sooty mould appears as a black film on leaves, and in severe 
cases, on the whole of the plant. The fungus does not enter the tree tissues, 
and feeds on honeydew secretions of insects on the trees. But it hampers 
photosynthesis and therefore weakens the trees. 

CONTROL: (1) Control honeydew secreting insects. (2) In severe infection, 
spray 0.2% wettable sulphur. 

5. Malformation of inflorescence (CAUSAL ORGANISM: not known, perhaps 
virus) 

SYMPTOMS: The panicle is shortened and thickened, and if the attack is 
severe the noral branches get bunched and later turn into a black mass. In 
less severe attacks, the panicles are moderately reduced, causing some of the 
noral branches to separate out, and several small cones to form. In other 
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cases vegetative leaves are intermingled with small cones on the panicle. The 
proportion of staminate and hermaphrodite flowers is greatly disturbed. In 
many cases only staminate flowers are found. 

CONTROL: (1) Prune and burn branches with malformed inflorescences. 
(2) Do not use diseased branches for budding or grafting. (3) Fertilize, 
irrigate, and weed approriately; control other diseases. Research is underway 
to develop biological control methods using antagonistic organisms such as 
Triochoderma harzianum, Aspergillus flavus, or Arachnites spp., with organic 
soil amendments. 

6. Powdery mildew (CAUSAL ORGANISM: Oidium mangiferae) 

SYMPTOMS: Powdery mildew appears in February and March as whitish-grey 
mycelium on the inflorescence and young leaves. Infected flowers fail to 
open, consequently fruit set is greatly reduced. In severe attacks, the entire 
crop may fail. The fungus is favoured by warm cloudy weather, high humid
ity, and low night temperature. 

CONTROL: (1) Collect and burn infected leaves and twigs. (2) Spray with 
Topsin-M or Daconil. 

11.2.2.3 Grapes 

1. Powdery mildew (CAUSAL ORGANISM: Uncinula necator) 

SYMPTOMS: Powdery mildew first appears as a grayish-white powdery 
growth on growing tips. Later it infects shoots, stems, flowers, and berries, 
causing malformation and cracking. Under favourable conditions it forms 
dark-coloured spore bodies. Some vineyards may be attacked by the disease 
every year. 

CONTROL: (1) Cut and burn diseased parts of the vines. Collect and burn 
debris on the ground. (2) Spray with Benlate (4-6 oz/loo gallons of water), 
Afugan, Bordeaux mixture, Perenox, Fermate, Orthophalten, Polyram, or 
Cobox before blossoming, after berry formation, and three weeks later. 

2. Black rot (CAUSAL ORGANISM: Phyllosticta ampe/icida) 

SYMPTOMS: Phyllosticta attacks new growth, shoots, tendrils, petioles, and 
peduncles. On new growth, groups of red necrotic lesions appear. On leaves, 
circular, tan-coloured spots (2-10 mm in diameter) appear 1-2 weeks after 
infection. On young shoots, black cankers showing pycnidia appear through
out the season. 
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CONTROL: For Muscadine grapes, spray with Maneb or Captan after bloom
ing, every two weeks until August. 

3. Anthracnose or Bird's-eye rot (CAUSAL ORGANISM: Elsinoe ampulina) 

SYMPTOMS: Bird's-eye rot disease produces lesions on. leaves and young 
shoots. Leaf lesions are circular with brown to black margins. Their necrotic 
centres eventually drop out, giving the leaves a shot-hole appearance. On 
the shoots the lesions are smal! and isolated. They may crack and make the 
shoots brittle. • 

CONTROL: (1) Do not plant highly susceptible cultivars, especially in poorly 
drained soils. (2) During the dormant season, spray DNOC, DNBP, Bor
deaux mixture, or lime-sulphur. (3) During the growing season, spray Cap
tan, Folpet, or Maneb at two-week intervals from the time the shoots are 
5-10 cm long. Spray within 24 hours of a hailstorm. 

4. Downy mildew (CAUSAL ORGANISM: Plasmopara viticola) 

SYMPTOMS: Plasmopara attacks leaves and all other green parts of the vines, 
forming yellowish to reddish-brown lesions. White cottony spore masses 
grow on the lower sides of leaves. Shoot tips thicken, curl into hooks, and 
bear white masses of spores, ultimately turning brown before they die. 

CONTROL: (1) Drain wet soil. (2) Prune ends of infected shoots and burn. 
Burn infected leaves and other ground litter. (3) In vineyards susceptible to 
downy mildew, spray fungicides, in particular Cymoxanil, a non-systemic 
penetrating fungicide specific to mildew. 

s. Leaf spot (CAUSAL ORGANISM: Phomopsis viticola, Fusicoceum viticola, 
Cryptosporella viticola) 

SYMPTOMS: Light-green or chlorotic spots with dark centres develop on 
diseased leaf laminae. These may drop out creating holes in the leaves. 
Severely infected leaves turn yellow, then brown, and then fall. Young 
shoots, rachises, and petioles develop yellow spots with dark centres. These 
enlarge turning the infected tissues dark-brown to black, appearing as 
streaks and blotches. 

CONTROL: (1) While planting new vineyards use healthy planting stock. 
(2) In diseased orchards, remove maximum possible dead and diseased 
material in pruning and burn it. (3) Spray Captan, Folpet, or Maneb when 
shoots are 1-3 cm long, and again when they grow to 6-12 cm. 
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, 11.2.2.4 Banana 

1. Black tip or fingertip (CAUSAL ORGANISM: Botryodiplodia Sp., Gloeospo-
rium masarum) 

SYMPTOMS: Fruit tips turn black and the fruit rots wholly or partially. 

CONTROL: (1) Destroy diseased plant parts. (2) Spray 4:4:50 Bordeaux 
mixture or Zerlate @ 2 Ib/100 gallons. 

2. Pseudo stem rot (CAUSAL ORGANISM: Gloeosporium sp., Botryodiplodia 
sp., Erwinia carotovora) 

SYMPTOMS: Affected plants are discoloured and rhizomes and suckers rot. 
They have weak roots with dark-brown lesions and necrotic tips. The 
pseudosterh often tips over and breaks. Badly affected plants remain stunted, 
and mature plants may produce small fruits which fail to emerge from the 
shoot tip. 

CONTROL: Plant orchards using young, healthy secondary suckers or dis
ease-free corms treated with 2% copper sulphate solution for 10 minutes, 
and then dry before planting. 

3. Bunchy top (CAUSAL ORGANISM: A virus transmitted by the aphis Penta-
lonia nigronervosa) 

SYMPTOMS: Acute primary infection of the bunchy-top virus reduces height 
growth to about 9-24 inches. Young infepted plants are therefore stunted, 
and the leaves of severely infected older plants get bunched at the top. Also, 
the leaves are more erect. Though such plants may live for a year or two, 
they either do not mature at all, or do not produce fruit. Secondary infection 
can be diagnosed by nodular dark-green dots and dashes along secondary 
veins and the mid-rib on the underside of the basal part of leaf laminae, or 
along the leaf stalk. 

CONTROL: When planting new orchards, use disease-free planting stock. 
Tend plantations properly, and along with tending operations, inspect each 
tree carefully. Mark any tree which shows symptoms of the disease. Thor
oughly spray such trees as well as all trees around them, up to 2-3 rows. The 
diseased stool and a ring of surrounding stools must be completely destroyed 
by killing with kerosene, gas oil, or herbicides; by -digging up and cutting into 
small pieces; or by burning. . 
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4. Leaf spot (Sigatoka disease) (CAUSAL ORGANISM: Mycosphaerel/a musi-
cola) 

SYMPTOMS: The disease first appears as 1-2 mm long linear markings on 
the third or fourth leaf from the centre. As the spots increase in size, they 
coalesce, destroying a considerable part of the leaf. In some areas, petioles 
and mid-ribs rot due to the attack of secondary fungi and bacteria. In severe 
attacks; fruit remain undersized. 

CONTROL: Same as for bunchy-top disease. 

11.2.2.5 Papaya 

1. Damping off, stem rot (CAUSAL ORGANISM: Pythium aphanidermatum) 

SYMPTOMS: Pythium-attacked plants fall down and die because their stems 
at ground level become soft and spongy, and their terminal leaves become 
chlorotic, wither, and die. 

CONTROL: (1) Uproot and burn diseased plants. (2) Apply Bordeaux mix
ture to affected parts of lightly attacked trees. (3) Drain soil. Avoid water 
stagnation around healthy plants. 

2. Charcoal rot (CAUSAL ORGANISM: Macrophomina phaseoli) 

SYMPTOMS: Charcoal rot destroys root and stem parenchyma. Attacked 
plant parts look like charcoal due to the development of carbonaceous 
sclerotia and pycnidia. Leaves wither. 

CONTROL: (1) Burn attacked parts. (2) Apply Bordeaux mixture to attacked 
areas on the plants. 

3. Anthracnose and dieback (CAUSAL ORGANISM: Colletotrichum 
gloeosporioides and Glomerella cingulata) 

SYMPTOMS: Anthracnose causes blight of seedlings, leaves, shoots, and 
blossoms; also leaf spots, fruit rot, cankers, and dieback of twigs and bran
ches. It may also kill the entire plant. Dieback attacks in early spring. 
Dark-brown bands appear usually at the bases of new shoots. The pathogen 
kills plant tissues in these bands, and young shoQts therefore get cut off from 
water and nutrients in the plant body, and wither and die. Twigs and' bran
ches are girdled in the same way. 

CONTROL: Control: Spray Bordeaux mixture or Cupravit at 15-20 day 
, intervals. 
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4. Fruit rot (CAUSAL ORGANISM: Rhizopus oryzae) 

SYMPTOMS: Fruit rot first appears as necrotic spots on the fruit surface. The 
spots enlarge and join together and whitish hyphae appear. The fruit be
comes soft and inedible. 

CONTROL: Store fruit at 10-1SoC to increase its shelf life. 

11.2.2.6 Apple 

1. Ripe rot (CAUSAL ORGANISM: Rhizopus arrhizus) 

SYMPTOMS: Characteristic symptoms are canker on fruit stalks, and the 
discolouration, disfigurement, rotting, and shedding of fruit. In some cases 
mummified fruit remains hanging on the trees, providing a primary source 
of infection for the perpetuation and spread of the disease. 

CONTROL: (1) Prune diseased parts. Pick and burn unshed infected fruit, 
pruned material, and leaves, twigs, branches, and dead fruit on the ground. 
(2) Spray Fermate mixed with Malathion in February. Repeat at 1S-day 
intervals from July to September. 

2. Powdery mildew (CAUSAL ORGANISM: Podosphaera leucotricha) 

SYMPTOMS: Powdery mildew attacks plants of all ages. Small whitish or 
grayish cobweb-like patches appear on shoots, flowers, fruits, and leaves. At 
first they are confined to the underside but later spread to all sides. Infected 
leaves curl, get brown, and faU:Infected buds fail to open. Infected fruit get 
distorted and covered with white mycelia. 

CONTROL: (1) During the winter, prune and burn diseased plant parts and 
all plant debris on the ground. (2) Spray with Sulforon (2 Ib/lOO gallons of 
water), Lime-sulphur (1:40), or Benlate (4 oz/lOO gallons of. water): in 
February before buds open; after flower petals fall; three weeks after this; 
and after another three weeks. 

3. Sooty blotch and By speck (CAUSAL ORGANISM: Gloeodes pomigena, and 
Schizothyrium pomi; Microthyriella rubi) 

SYMPTOMS: Attacked fruit have sooty black spots which can be rubbed off, 
revealing pale brown marks. Do not mistake sooty blotch for sooty moulds, 
which stand out more clearly, being usually blacker and sticky. 
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4. Apple scab (CAUSAL ORGANISM: Venturia inaequalis) 

SYMPTOMS: Apple scab attacks petioles, leaves, blossoms, and fruit, but its 
symptoms are most visible on the leaves and fruit. Diseased leaves may have 
lesions on both sides. They may also be distorted, dwarfed, die, and fall. 
Trees may be weakened by defoliations over several consecutive years, and 
rendered susceptible to cold injury. On the fruit, lesions first develop around 
the spur end of the fruit, later spreading to other parts of its surface. Scab 
infection early in the season causes uneven growth, and cracking of the skin 
and flesh of the fruit. When infection occurs in late summer or early au
tumn, the fruit may develop rough, black, circular lesions during storage. 
Such 'pin-point' scab consists of small lesions up to 1 cm in diameter. Apple 
scab is more corky than sooty blotch (#3), and cannot be rubbed off. 

CONTROL: (1) Select resistant varieties. (2) Spray systemic fungicides at the 
green-tip stage of the buds. 

5. Fire blight of pear and apple (CAUSAL ORGANISM: Erwinia amylovora) 

SYMPTOMS: The b<,lcteria first attack the blossoms, which become water
soaked and dark-green, and later turn dark-brown to black on pear, and 
brown to dark-brown on apple. On movement into the leaves through their 
petioles, the bacteria first discolour the mid-rib, then darken the lateral 
veins and the tissue around them. When the terminals are infected, they wilt 
from the top, usually developing a crook. Initially the infected leaf and shoot 
tissues are water-soaked and dark-green. Later they turn brown to black. 

CONTROL: (1) Inspect orchards frequently and break infected spurs or termi
nals. If pruning tools are used, sterilize the tools with Clorox 1:10. (2) Con
trol sucking insects starting before the bloom stage and continuing through
out summer since they create wounds for the entry of bacteria. 

6. Root rot (CAUSAL ORGANISM: Phytophthora cactorum) 

SYMPTOMS: Trees infected by root rot either do not leaf, or their leafing is 
delayed. Their bases also exhibit red-brown rot. Mature trees die over 
several years and young trees die suddenly. Nursery stock develop red
brown rot at their bases, and their leaves become pale and drop. 

CONTROL: (1) Do not plant on poorly drained soil. Plant trees on ridges, to 
improve drainage. Do not over-irrigate. (2) Remove and burn any affected 
plant in the nursery. When planting apple on sites where root rot has oc
curred before, drench the base of each tree with Captan at planting. 
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7. White root rot (CAUSAL ORGANISM: Rosellinia necatrix) 

SYMPTOMS: Roots and stem bases of trees infected with white rot are 
covered with white wooly mycelium. Attacked trees may die gradually, or 
suddenly, after a shock like drought. 

CONTROL: (1) Use resistant rootstock. (2) Do not plant apple on infected 
or poorly drained soils. Plant trees on ridges and irrigate and fertilize mod
erately. (3) Avoid intercropping. (4) Remove and burn infected material. 
(5) To control the disease, drench soil around young trees with Oerosal or 
Benlate. 

11.2.2.7 Peach and almond 

1. Leaf rust (CAUSAL ORGANISM: Tranzschelia pruni-spinosae Var. discolor 
in advanced stages of infection) 

SYMPTOMS: Leaf rust appears in spring. Infected leaves fall prematurely. 
Cankers appear on young wood and fruit become distorted. 

CONTROL: Captan, Thiram, and Zineb may be used to control the disease. 

2. Leaf curl (CAUSAL ORGANISM: Taphrina deformans) 

SYMPTOMS: Attacked leaves pucker, swell, turn yellow, die, and fall. At
tacked twigs swell, blossoms wither, and fruit is deformed. 

CONTROL: Spray appropriate fungicide before leaf fall, and again before bud 
swell. 

3. Bacterial spot (CAUSAL ORGANISM: Xanthomonas pruni) 

SYMPTOMS: Bacterial spot infects leaves, fruit, and young shoots. Lesions 
mainly appear on the lower side of leaves as areas soaked with water. They 
later appear as brown to black spots and their centres often fall out and 
their margins develop a reddish colour. The incidence is generally most 
severe at the tip, killing about an inch or more of it. Heavily attacked leaves 
become yellow and fall. Severe defoliation early in the season weakens the 
trees and reduces fruit size. If fruit are infected early in the season, they 
develop cracks on their surface. 

CONTROL: (1) Plant only resistant varieties. (2) Tend and fertilize properly. , 

4. Brown rot (CAUSAL ORGANISM: Monilinia fructicola and M. Laxa) 

SYMPI'OMS: The disease infects blossoms, spurs, shoots, and fruit. Infection 
travels from blossoms, which wilt and become brown, to the flower cluster 
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base, and to the spur. Mature fruit are more affected than immature ones. 
On fruit the disease first appears as small light-brown circular spots on the 
skin which expand rapidly under favourable conditions. Rotten fruit may fall 
down or dry on the tree. 

CONTROL: (1) Spray fungicides when flowers open, -and repeat at 4-5 day 
intervals during period conducive to the spread of the disease. (2) Spray 
pre-harvest fungicides three weeks before fruit ripening to prevent brown 
rot on ripening fruit. (3) During packing, pick and handle fruit carefully to 
prevent decay in storage and transit. Use clean packing crates, and remove 
ripe and rotting fruit. 

5. Peach scab (CAUSAL ORGANISM: Cladosporium carpojJhilum) 

SYMPTOMS: Peach scab is most often observed on fruit, though it also infests 
twigs and leaves. Small, circular, greenish spots appearmostiy on half-grown 
fruit. The lesions turn black as spores ate formed. If infestation is severe, 
the skin and flesh may crack. 

CONTROL: Spray Anthracol, Captan, Dithane M-45, Liromanzeb, or Perenox 
after flower bud development, at 10-14 day intervals until 40 days before 
harvest. 

6. Shot hole (CAUSAL ORGANISM: Stigmina carpophila) 

SYMPTOMS: Shot hole attacks all stone fruits, symptoms of the disease vary
ing with the host: leaf spots on· cherry and plum; twig and bud blight on 
peach, producing cankers up to 10 mm in diameter; on apricots, bud blight 
and spots on leaves and fruit; on almond, leaf spot and blossom and fruit 
infection. 

CONTROL: (1) Prune in winter and burn the pruned material. (2) The 
disease can easily be controlled by appropriate fungicides sprayed at the 
correct time. Recommended fungicides are Captan, Cobox, Cupravit, Di
thane M-45, Liromanzeb, Perenox, and Tri-Miltox. 

7. Powdery mildew (CAUSAL ORGANISM: Sphaerotheca pannosa) 

SYMPTOMS: Powdery mildew attacks leaves, shoots, and fruit. White patches 
on the underside or the entire leaf, and on the shoots, and white' powdery 
spots on the fruit are characteristic of the disease. 

CONTROL: (1) Prune primary infected shoots and buds in spring and early 
summer and burn before -fruit formation. (2) Varieties vary in the suscepti
bility of their fruit to powdery mildew, hence most apricot and peach variet
ies need treatment. Several fungicides, e.g. Bayleton 25, Antraco!, Captan, 



INSECf PEST AND DISEASE MANAGEMENT 385 

or Afugan. can be sprayed to protect nursery stock and fruit from powdery 
mildew attack. 

8. Root rots (CAUSAL ORGANISM: Phytophthora cactorum, Rosellinia neca
trix, Corticium rolfsii) 
a. White rot of mature orchards 
b. Rot of fruit tree nurseries 

SYMPl'OMS: These organisms cause crown and root rot of inature trees 
which exhIbit characteristic red-brown rot at their bases as well as below 
ground. Infected trees may die suddenly, especially if they are young, or over 
several years. The leaves of infected nursery stock turn pale and drop. and 
red-brown rot develops at the bases of their stems. 

CONTROL: (1) Plant disease-free stock. (2) Do not plant orchards on poorly 
drained soil. (3) Plant trees on ridges for improved drainage and water 
moderately. (4) Remove infected trees and burn them. (5) Drench trees 
planted on infected sites with Captan or a copper fungicide. 

11.2.2.8 Pomegranate 

1. Fruit rot (CAUSAL ORGANISM: Zythia versoniana) 

SYMPl'OMS: Infested fruit start rotting and later the fruit crack and dry up. 

CONTROL: (1) Collect and burn infected twigs, fruit, and fruit stalks from 
trees and the orchard floor in January-February. (2) Spray with a suitable 
copper-based fungicide, e.g. Perenox @ 1.5-2 1bs/100 gallons of water in 
July, August, and September. 

11.3 Vegetables 

11.3.1 Insect pesta 

11.3.1.1 Potato 

1. Potato tuber moth, PhthorinuIea opercuk1lll 

DAMAGE: The potato tuber moth attacks at two stages. In the early slflges 
of plant growth, caterpillars mine or bore potato leaves and shoots. causing 
leaf blotches and killing the shoots. Premature leaf withering, and caterpillar 
excreta on leafaxils are indicative of the attack of this pest. The second 
stage of its attack is at tuber digging. Moths lay their eggs on the tuber, and 
on hatching the larvae penetrate the tuber skin and make galleries through 
the flesh, leaving their excreta near the entrance holes. 
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CONTROL: (1) Do not leave harvested potatoes in the field overnight. 
(2) Store in sacks. (3) Thoroughly clean storage places and spray with 1 % 
Malathion or 0.6% Diazinon before storing potatoes. (4) Plant disease-free 
potato seed. Plant seed tubers at least 20 cm deep and cover with about 25 
cm fine, loose soil. (5) Encourage specific parasitoids, e.g. Copidosoma 
hochleri and Apanteles subandinus. 

2. Golden nematode, Heterodera rostochiensis 

DAMAGE: Golden nematode-infested plants look sicldy and stunted. Their 
. lower leaves yellow and drop. Tuber size is significantly reduced. 

CONTROL~ (1) Do not plant successive crops of potato in the same fields; 
start crop rotation .. (2) Do not plant potato in infested fields. 

3. Mole cricket, Gryllotalpa africana 

. DAMAGE: Mole cricket is polyphagous. It lives in tunnels 2-3 feet deep in 
agricultural fields. It attacks seedlings of herbaceous crops, buds of sugar
cane sets, and roots of crops. 

4. Green stink bug, Nezara viriduill 

DAMAGE: Green stink bug nymphs and adults suck sap from leaves, causing 
them to shrivel. 

CONTROL: (1) Adopt crop sanitation. (2) If infestation is serious, spray with 
carbamate or organophosphorus compounds. 

5. Painted bug, Bagrada cruciferarum 

DAMAGE: Damage and control similar to those for the green stink bug. 

11.3.1.2 Cucurbits 

1. Melon aphid, cotton aphid, Aphis gossypii 

DAMAGE: Melon aphids suck leaf juice, stunting and distorting the leaves 
which become chlorotic and fall prematurely. Ants are attracted to the 
aphids to feed on honeydew, and indicate their presence. 

CONTROL: (1) Do not use very high doses of nitrogenous fertilizers. (2) En
courage the predatory insects Aphidius sp. (Braconidae) and Aphelinus sp. 
(Chalcididae ),Entomophthora exitiaiis, and Verticillium lecanii, which feed on 
the aphids. (3) In severe infestation, spray with insecticides appropriate to 
the crop, using recommended concentrations. 



INSECT PEST AND DISEASE MANAGEMENT 387 

2. Red pumpkin beetle, Aulacophora africana 

DAMAGE: Adults as well as grubs of the beetle feed on young cucurbit vege
tables. Grubs bore into roots and stems causing their death. Seedling stages 
are particularly vulnerable. Grubs also bore into fruits which touch the 
ground, causing holes on the surface. Adults feed on leaves and ovaries, 
causing holes in leaves and withering of flowers. Withered flowers are 
symptomatic of attack by adult beetle. 

CONTROL: (1) Dust plants with cow dung ashes. (2) For severe infestations, 
spray with Methylparathion Dimethoate 0.01 % or Malathion 0.05%. 

3. Red pumpkin beetle, Aulocophora foveicoUis 

DAMAGE: This insect attacks pumpkin, tinda, ghia tori, cucumber, and melon. 
Grubs bore into roots, underground stems, and fruits touching tl)e soil. 
Adults bite holes in cotyledons, flowers, and foliage. Infested seedlings are 
killed. Growth of larger plants is retarded, which may cause their death. 

CONTROL: (1) Collect and destroy beetles. (2) Clean cultivate. (3) In case 
of severe attack, dust with carbaryl or pyrethrum 5% when leaves are with
out dew. Methylparathion, Dimethoate 0.02% or Malathion 0.05% will also 
control the atta<;k. 

4. Hadda beetles, Epilachna duodecostigma and E. vigintioctopunctata 

DAMAGE: These beetles attack brinjal, tomato, potato, and cucurbitaceous 
vegetables. Adults as well as grubs feed selectively on upper leaf tissues, 
giving the leaf a lace-like appearance. Infested leaves become brown, dry up, 
and fall, defoliating the plants completely. 

CONTROL: Spray Malathion 0.05% or Methylparathion 0.02%. 

5. Melon fruit fly, Dacus cucurbitae 

DAMAGE: Dacus cucurbitae infests muskmelon and cucurbits. Female flies 
puncture the fruit epidermis with their sharp ovipositor and lay eggs in 
cavities, sealing them with a gummy secretion. On hatching, the grubs feed 
on the pulp, making the fruit inedible. Infested fruit also remains small and 
becomes yellow. Damage is most serious in melons. 

CONTROL: (1) Use resistant varieties. (2) Regularly collect infested fruit and 
bury about a metre deep. After the harvest destroy pupae in the soil by 
ploughing and heavy irrigation. (3) Search for effective pupal parasitoids. (4) 
Employ male sterilization or methyl eugenol traps to reduce pest population. 
(5) Poison baiting with 0.5 kg protein hydrozylate plus 2.5 kg Malathion in 
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100 litres of water will attract adult flies and kill them. Spraying melon fields 
with Malathion 0.05% plus molasses 1 % is also effective. 

6. Cutworms, Agrotis Sp. 

DAMAGE: Young cutworm larvae feed on leaf epidermis. They are night 
feeders, cutting seedlings at or below the ground and hiding in soil cracks 
or holes during the day. 

CONTROL: (1) Collect and destroy moths by light traps. (2) Weed and hoe 
frequently. (3) Irrigate. 

7. Red vegetable mite, Tetranychus telarius 

DAMAGE: This mite attacks cucurbits, brinjal, and bhindi. Active stages of 
red vegetable mite suck cell sap from the underside of leaves. Infested leaves 
die, and fruit set is poor. 

CONTROL: Spray crop with lime-sulphur wash (1:2:16), or dust with 1:5 
sulphur and lime at about 25.5 kg per hectare. 

11.3.1.3 Onions and garlic 

1. Onion thrips, Thrips tabaci 

DAMAGE: Thrips usually collect at the leaf base ot flowers of onion and 
garlic. Adults and larvae suck leaf sap through their piercing mouth parts. 
Infested leaves curl, wrinkle, and gradually die. Infested plants neither set 
seed nor develop bulbs. 

CONTROL: (1) After harvest, remove and destroy plant debris on the ground. 
(2) Plough and harrow the fields to expose the pupae to weather. (3) Use 
early, and quick-maturing varieties. (4) Flood standing crop to keep pest in 
check. (5) Eradicate weeds. (6) Employ hymenopterous parasitoids of the 
family Eulophidae for biological control. (7) Control serious infestations 
with Lindane 0.1% or Malathion 0.05%. 

11.3.1.4 ChUies 

1. Tobacco caterpiUar, Spodoptera litura 

DAMAGE: Young larvae feed gregariously on the lower surfaces of leaf 
laminae. At the early stage df infestation, attacked areas of the leaf blades 
dry up. Eventually leaf blades are consumed entirely, leaving only the mid
ribs, thereby killing the plants. Older caterpillars cut seedlings at ground 
level after dark. During daytime they hide in the soil near the plants. 
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CONTROL: (1) Collect infested leaves with masses of young larvae and 
destroy. Collect older larvae and adults with hand nets and kill them. (2) 
After harvest, deep-plough the soil to expose the hibernating pupae to 
weather. (3) Encourage the protozoa, viruses, fungi, and bacteria which 
parasitize the larvae. Towards this end, avoid using insecticides unless the 
crop is seriously threatened. In such cases, as a last resort, spray Endosulfon 
0.05%, Carbaryl 0.22%, Phosphamidon 0.03%, or methylparathion 0.025%. 

11.3.1.5 Peas and beans 

1. Cowpea aphid, Aphis craccivora 

DAMAGE: Infestation is evident by the black colour of the apical parts of the 
plants. The surface of attacked plants appears greasy because of the honey
dew secreted by the aphids. The aphid feeds on sap and therefore weakens 
the host plants. It is also a vector of about 30 disease-<:ausing viruses, called 
the 'rosette virus complex'. 

CONTROL: (1) Plant fields densely with lucerne or groundnuts to discourage 
aphid attack. (2) Several parasites and pre.dators attack this pest, e.g. Aphi
dius absinthii Marshall,Aphelinus basalis Westwood, Aphidencyrtus aphidivo
rus (Magr.), Ephedrus sp. nr. Cerasicola Stary, Trioxys sp., Sinensis Mackauer, 
and Lysiphlebus fabarum Marshall. Among the predators, two anthocorids, 
one chamaemyiid, one chrysopid, nine coccinellids, and nine syrphid species 
are recorded in Pakistan. (3) Use of insecticides should therefore be avoided 
as far as possible to encourage the biological control agents to propagate. 
Chemical control may be attempted with Nicotine or Pyrethrum if necessary. 
When absolutely inevitable, use the recommended insecticide as directed. 

2. Tobacco budworm, gram caterpillar, gram pod borer, Heliothis armigera 

DAMAGE: The larvae of this pest attack at flowering or fruiting because they 
preferentially feed on floral parts or fruits of tomatoes, peas, and okra. On 
cotton and gram the larvae bore into the boils and pods. 

CONTROL: (1) Destroy alternate host plants and any plant remaining after 
the harvest. (2) Deep plough after harvest to destroy the hibernating stages 
in the soil. (3) Time sowing to minimise the duration of flowering. To con
trol serious infestation, spray Carbaryl 0.1 %, Endosulfan 0.25-0.5% UL V. 

11.3.1.6 Okra 

1. Cotton wbitefty, Bemisia tabaci 
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DAMAGE: Nymphs and adults of cotton whitefly suck cell sap and thus 
weaken the hosts. Chlorotic spots appear on the leaves, which enlarge 
causing irregular yellowing, extending from veins to leaf margins. Infested 
leaves dry and fall. Juvenile stages of the pest secrete honeydew which gives 
the infested plants a dark hue. 

CONTROL: (1) Remove weeds. (2) To keep the pest population in check, en
courage hymenopterous parasites, e.g. Encarsia lutea and Eretmocerus mun
dus; the phytosid mites Amblyseius aleyrodis and Typhlodromus sudanicus 
which prey on the eggs and young larvae of the whiteflies; and the insect 
pathogenic fungiAschersonia aleyrodis and Verticillium lecanii. (3) If unavoid
able, spray Basodin 0.1-0.5%, or other recommended insecticides. 

2. Jassid, Amrasca devastans 

DAMAGE: These pests affect both okra and cotton. Jassids suck sap from the 
underside of leaves and inject toxins. Leaf edges turn upward ( okra) or 
downward (cotton), and leaves turn pale then fall. Defoliation weakens the 
plant, causing loss of cotton boIls. 

3. Spotted bollworms, Earias insulana and Earias vitelltJ 

DAMAGE: Larvae of spotted bollworm bore into growing shoots, flower buds, 
and flowers. Fruits of okra get distorted and become unfit to eat. The plants 
are weakened and may die. 

11.3.1.7 Brinjal (eggplant) 

1. Brinjallacewing bug, UrenJius semis 

DAMAGE: Both adults and nymphs of the lacewing bug suck leaf sap. Infest
ed leaves look mottled because of yellow spots and scale-like excreta depos
ited by the pest. Heavy infestation causes the leaves to turn yellow, shrivel, 
and fall. 

CONTROL: (1) Uproot and burn withered plants. (2) Spray Diazinon 0.02%, 
Dimethoate 0.05%, or any other suitable insecticide. 

2. Hadda beetle, Epilachna demurili 

DAMAGE: Young larvae feed only on the underside of the leaf, giving it a 
lace like appearance. Adults and older larvae eat holes in the leaves. 

CONTROL: (1) Burn plant debris after harvest. (2) Clean-cultivate the soil. 
(3) Hoe regularly; pick and destroy adults, egg clusters, larvae, and pupae. 
(4) Utilize the fungus Verticillium lecanii to kill the larvae and pupae. 
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(5) To control serious infestation, spray Carbaryl O.Ollb a.i., Methylparath
ion 0.20-0.25 lb, or any other suitable insecticide. 

3. Brinjal fruit borer, Leucinodes orbonalis 

DAMAGE: Early generation larvae bore into growing shoots which die and 
hang down. Later generations bore preferentially into flower buds and fruit. 
The whole crop may be destroyed if damage to fruit is severe. 

CONTROL: (1) Collect and destroy or bury infested fruits and dead shoots. 
Remove and destroy plant debris regularly from the fields. After harvest, 
pull out the plants and destroy. (2) Deep plough to destroy any develop
mental stage left in the soil. (3) A large number of insecticides can be used 
to destroy the pest, should its infestation become serious, including Sevin 
85 S.P., Malathion 57 E.C., NogosNapena 100 E.c., DDVP or Dipterex80, 
Decis/Cymbush/Sumicidin/Ripcord/Arrivo. These should be used according 
to the directions on the package. 

4. Brinjal shoot borer, Euzophera perticella 

DAMAGE: The larvae feed on pith of the stem, causing the apical shoots to 
die and hang down. Larvae in advanced stages of development bore into the 
stem at ground level, killing stray plants in the field. 

CONTROL: (1) Remove and destroy all infested plants from the nursery and 
the field. (2) After harvest, uproot and destroy all the plants. (3) If infesta
tion is severe, spray with Sevin, Malathion, Elsan, or any other suitable 
insecticide. 

5. Root-knot nematode, Meloidogyne incognita 

DAMAGE: This pest attacks brinja\, bhindi, and tomatoes. Attack is indicated 
by discolouration and decreased size of leaves and stunting of the plants. 

CONTROL: . The nematode can be controlled by the application of 34 litres 
of Nemagon 60 per ha. Intercropping of okra with sesame reduces the inci
dence of nematode attack on okra. 

11.3.1.8 Turnip, radish, mustard 

1. Mustard sawfly, Athalia lugens proxima 

DAMAGE: Mustard sawfly larvae skeletonize the leaves. Young plants are 
totally defoliated, leaving only the thicker veins. Infested older plants do not 
bear seed. 
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CONTROL: Several insec~cides can control this infestation, e.g. Malathion 57 
liC., Rogar 40 E.C., Curacron 50 E.C. 

2. Mustard aphid, Rhopalosiphum (Lipaphis) erysimi 

DAMAGE: Nymphs as well as adults suck cell sap from several parts of the 
plants, greatly reducing their vigour. Their leaves curl up, ilnd they fail to 
produce healthy seed. 

CONTROL: The infestation can be controlled by spraying Malathion 0.05% 
or Nogos. 

11.3.1.9 Cnaciferous crops 
. 

1. Cabbage butterfty, Pieris brassicae 

DAMAGE: The first instar larvae scrape the leaf surface. Successive instars 
feed on tender leaves from the margins inward, leaving only the harder 
veins. In severe infestations the plants are completely defoliated. 

CONTROL: (1) Collect egg masses, larvae, a,nd pupae by hand and the butter
flies with hand nets; then kill them in water to which kerosene has been 
added. (2) EncourageApanteles glomeratus, a parasitojd on the larvae. (3) In 
serious infestation spray Malathion 0.05% or Diazinon 0.02% up to three 
weeks before harvest. Mter that, use Carbaryl 0.2%. 

2. Diamondback moth, Plutelkz xylostelkz (= P. maculipennis) 

DAMAGE: Newly hatched larvae bore into the underside of the cabbage and 
feed in the head or the heart, and sometimes in the central leaves. 

CONTROL: (1) In Malaysia and the Philippines, interplanting tomatoes with 
cabbage reduced the infestation of diamondback moth by 35%. (2) Mass re
lease of Trichogramma wasps e.g. T. evanescens or T. pretiosa, predators on 
the eggs of lepidopterous species, can reduce the population of diamondback 
moth. (3) Serious infestation can be controlled by spraying Malathion 0.05%, 
Endosulfan 0.05%, or Carbaryl 0.15%. 

11.3.2 Diseases 

11.3.2.1 Potato 

1. Brown rot (tuber rot) (CAUSAL ORGANISM: Pseudomonas solanacearum) 

SYMPTOMS: Brown rot causes foliage wilting, yellowing, and marginal 
necrosis; reduction of leaf size, plant height, and dry weight of tubers; and 
exudation of a foul-smelling liquid in the advanced stages of the disease. 
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CONTROL: Disinfect seed potatoes. 

2. Wet rot and storage rot (tuber rots) (CAUSAL ORGANISM: Trichurus 

spiralis) 

SYMPTOMS: Infected tubers turn brown to black, and then rupture. 

':ONTROL: Select seed tubers from a healthy crop and keep in cold storage. 

3. Dry rot (tuber rot) (CAUSAL ORGANISMS: Fusarium angustum, 

Fusarium oxysporum) 

SYMPTOMS: Dry-rot attack is indicated by sunken, shrivelled, or wrinkled 

areas on the tuber surface, which are brown or black in colour, with fungus 

on them. On the inside, the infected tubers exhibit cavities with white fungal 

mycelium. 

CONTROL: (1) Select cultivars tolerant to tuber rot. (2) From a disease-free 

crop, select healthy, uninjured, mature tubers, and surface sterilize with 

formaline. (3) Disinfect storeroom and maintain appropriate temperature in 

store. 

4. Wilt (CAUSAL ORGANISM: Fusarium oxysporum, Fusarium radicola) 

SYMPTOMS: The wilt organism causes leaf chlorosis, wilting, drying, and 

death of leaves within a fortnight. 

CONTROL: (1) Select wilt-tolerant cultivars. (2) For seed, select a healthy 

autumn crop, harvest carefully, pick out uninjured tubers, disinfect their 

surface, and store carefully in cold storage at appropriate temperature. (3) 

In soils infested with wilt, adopt crop rotation including non-susceptible 

crops. 

5. Early blight (CAUSAL ORGANISM: Alternaria solani (= Macrosporium 

solani) 

SYMPTOMS: Early blight first appears as brown to black lesions on leaf 

margins, increasing in size from tiny dots and causing curling, blighting, and 

drying of leaves. 

CONTROL: (1) Remove and destroy all infected debris. (2) Select seed tubers 

from healthy crop. (3) To control serious infection, spray Bordeaux mixture, 

Kocide, Cobox, Cupravit, or Dithane-M 45. 
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6. Leaf spot (CAUSAL ORGANISM: Cercospora concors) 

SYMPTOMS: This disease can be diagnosed by dark fungal growth around 
yellow spots on the dorsal surface of the leaf, and fluffy grey colour of the 
ventral side. 

CONTROL: (1) Select healthy seed tubers for planting. (2) If necessary, use 
fung~cides for controlling the infestation. 

11.3.2.2 Cucurbits (Muskmelon, watermelon, long melon, bitter gourd, 
bottle gourd, ash gourd, cucumber, and squashes) 

1. Downy mildew (CAUSAL ORGANISM: Pseudoperonospora cubensis) 

SYMPTOMS: At first pale green spots appear on the dorsal surfaces of leaves 
giving them a mottled appearance. The spots increase in size, turn yellow, 
and coalesce to cover large areas of the leaves. Then they start turning 
necrotic brown from the centre. The ventral side of the leaves is covered 
with light purple mycelium, bearing large lemon-shaped sporangia. Downy 
mildew decreases flower set and fruit development by killing the foliage. 

CONTROL: (1) Destroy diseased plant debris. (2) Destroy cucurbit weeds. (3) 
Rotate crops. (4) Control serious infestations with copper-based fungicides 
or Dithane M-45. 

2. Powdery mildew (CAUSAL ORGANISM: Erysiphe cichoracearum DC) 

SYMPTOMS: Powdery mildew infects seedlings, and leaves and stems of older 
plants. It fIrst appears as separate white lesions which enlarge and join 
enveloping the entire plant in the powdery mycelium. Infected leaves curl 
up, turn chlorotic, then brown, and finally fall. Loss of leaves reduces plant 
growth, fruit-set, and fruit development. Due to lack of foliage, the fruit 
also becomes malformed and sunburnt. 

fONTROL: (1) Destroy diseased plant debris. (2) Dust with a sulphur-based 
fungicide such as Sulforon. 

11.3.2.3 Tomato 

1. Fruit rot (CAUSAL ORGANISM: Alternaria tenuis) 

SYMPTOMS: Fruit rdt can generally be diagnosed by the appearance of small 
brown lesions on leaves and dark-brown to black concentric lesions on the 
fruit. As the disease develops, the lesions crack and the fruit drops. 

CONTROL: (1) Until resistant varieties are developed, use oopper-based 
fungicidal sprays to control the disease. 
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2. Wilt (CAUSAL ORGANISM: Fusarium oxysporum, F. /ycopersici) 

SYMPTOMS: Wilt initially causes the drooping of petioles, followed by the 
chlorosis, wilting, and finally the death of foliage. The disease progresses 
towards the top of the plant, turning the vascular system brown, causing the 
leaves to wilt, and stunting growth. 

CONTROL: Apply Dexon (2% solution) to soil or mix Brassicol dry with the 
soil' at the rate of 1.5 kglha. 

11.3.2.4 Chilies 

1. Dieback (CAUSAL ORGANISM: Vermicularia capsici, Gloeosporium pipera
tum) 

SYMPTOMS: Dieback causes the plant to die from the top downwards. 

CONTROL: 1) Use healthy seeds. (2) Destroy diseased plant debris. 

2. Fruit rot (CAUSAL ORGANISM: Alternaria tenuissima) 

SYMPTOMS: Fruit rot first appears on leaves and mature stems as elevated 
or depressed concentric spots which grow in size, turn brown, and eventually 
cause rotting. 

CONTROL: (1) Collect and destroy diseased fruit lying on the ground. 
(2) Control disease with 2-3 sprays of a copper-based fungicide such as 
Bordeaux mixture, repeated biweekly. 

3. Powdery mildew (CAUSAL ORGANISM: Leveillula taurica) 

SYMPTOMS: Powdery mildew first appears as white powdery spots on the 
ventral surface of the foliage, which in time, covers it entirely. On the dorsal 
side of the foliage, yellow lesions appear. Due to loss of foliage, fruit size 
and number is reduced, causing a drop in yield. Infection is favoured by a 
cool, humid environment. 

CONTROL: (1) Destroy diseased plant debris. (2) Dust the crop with Sulfo
ron or spray with Thiovit or Cosan. 

11.3.2.5 Peas 

1. Powdery mildew (CAUSAL ORGANISM: Erysiphe polygoni) 

SYMPTOMS: White powdery spots appear on infected leaves in January. By 
March stems and pods are also affected. Ultimately all the foliage is covered 
and the plant becomes pale brown, withers, and loses leaves. Smaller and 
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'fewer pods are formed, and in severe infestations yield is considerably 
reduced. 

CONTROL: (1) Plant resistant varieties. (2) To controI~serious'attack, use 
fungicides such as Sulforon or Kumulus (0.2%). 

11.3.2.6 Okra 

1. Root rot (CAUSAL ORGANISM: Macrophomina phaseoli) 

SYMPTOMS: Plants infected by root rot become yellow, then wilt, droop, and 
die. Their roots and rootlets get shredded, and rot as the disease advances. 
CONTROL: (1) Use resistant varieties, e.g. TYP 15. (2) Adopt crop rotation, 
excluding alternate host crops like tobacco, sesamum, mung, mash, ground
nuts, potatoes, and tomatoes from the rotation, since these too are suscepti
ble to root rot. 

11.3.2.7 Cabbage and cauliflower 

1. Downy mildew (CAUSAL ORGANISM: Peronospora parasitica) 

SYMPTOMS: Downy mildew attack is first indicated by the appearance of 
separate areas of yellow cells on the dorsal surface of the leaves. The ventral 
side of the leaves exhibit white sporangiophores. With the spread of the 
disease, the lesions increase in size between the major veins. 

CONTROL: Use Dithane M-45 or similar fungicide. 

2. Black rot (CAUSAL ORGANISM: XanthOmonas campestris) 

SYMPTOMS: Black rot affects the inflorescence of cauliflower, and causes the 
veins of cabbage leaves to turn black. 

CONTROL: (1) Improve drainage and field sanitation., (2) Adopt effective 
crop rotation, excluding crucifers for at least five years. (3) Immerse seeds 
in water at 50°C for 25 minutes for cabbage, and 20 minutes for cauliflower. 

3. Club rot (CAUSAL ORGANISM: Plasmodiophora brassicae) 

SYMPTOMS: Club rot causes gall formation and bruising of the root and 
hypocotyl. The severity of the disease increases in wet soils, and at temper
atures from 20-26°C. 

CONTROL: For cabbage: (1) Sterilize the soil with methyl bromide or other 
soil sterilants. (2) In acid soils, apply hydrated lime to raise soil pH above 
7.0. (3) Before planting dip roots in 4% Calomel or Benomyl slurry. 
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For cauliflower, (1) select disease-free and well-drained soil. (2) Eradi
cate crucifer weeds. (3) Adjust soil pH to 7.2 by the application of hydrated 
lime. (4) Use crop rotations with no crucifer for at least seven years. (5) 
Sterilize infected soil with methyl bromide before planting. (6) Plant disease
free seedlings. 

4. Damping-oft' (CAUSAL ORGANISM: Thanatephorus cucumeris) 

SYMPTOMS: Damping-off causes the seedlings to collapse due to decay of 
their stems at ground level. 

CONTROL: Treat seed with Cap tan before sowing. 

5. Fusarium wilt (CAUSAL ORGANISM: Fusarium oxysporum, F. congluti 
nans) 

SYMPTOMS: Leaves turn dull yellow-green and may also curl. Their veins 
become yellow or dark-brown. They may also die and be shed prematurely. 

CONTROL: Use varieties resistant to Fusarium wilt. 

6. Black leg (CAUSAL ORGANISM: Leptosphaeria maculans [= Plwma /in 
gam]) 

SYMPI'OMS: Black leg attack starts with papery brown lesions on juvenile 
leaves. They become dry and are covered with black pycnidia. The disease 
may also cause stem decay at ground level. In this case, plants die because 
their stems and roots are destroyed. 

CONTROL: (1) Select well-drained soil. (2) Adopt crop rotation free of 
crucifers for at least four years. (3) Eradicate crucifer weeds. (4) Before 
sowing, soak cabbage seed for 25 minutes, and cauliflower seed for 20 
minutes in water at 50°C. Transplant only disease-free seedlings. 

STUDY QUESTIONS 

1. List the symptoms of at least three diseases which occur on cucurbits. 

2. How can you differentiate between the damage caused by fruit flies and 
that caused by fruit borers? 

3. Prepare a calendar of fruit and vegetable insect pests for your area from 
the information provided in this chapter. 



398 Ali Asghar Hashmi 

REFERENCES 

Anonymous. Zarait name, tahafzay nibatat number. Lahore: Publication 
Department, Department of Agriculture, Govt. of Punjab; 1977. 118 p. 

Atwal, A S. Agricultural pests of India and South-East Asia. 2nd ed. New 
Delhi: Kalyani Publishers; 1986. 

Berrie, A M.; Mohyuddin, A I. Integrated pest and disease control of fruit 
crops in Pakistan. Saidu Sharif, Swat: Malakand Fruit and Vegetable 
Development Project; 1990. 

Catava, A Compendium of citrus diseases and disorders in Pakistan: a 
preliminary survey. A Pak/ltalian Fruits, Vegetables and Olives Project. 
Saidu Sharif, Swat: Publication Agrotee (S.P.A); 1987. 

Chadha, K. L. Pest control in horticultural crops. Extension Bulletin 25:1-
33. Bangalore: Indian Institute of Horti~ltural Research; 1985. 

Dixon, G. R. Vegetable crop diseases. London: Macmillan; 1981. 

Fadeez, Iu. N.; Novozhilov, K. V. ed. Integrated plant protection. New 
Delhi: Oxonian Press Pvt. Ltd.; 1987. 

frazier, N. W.; Fulton, J. P.; Thresh, J. M.; Converse, R. H; Varney, E. H; 
Hewitt, W. B. Virus diseases of small fruits and grapevines. Berkeley, 
California: University of California Press; 1970. 

Geddes, A M. W.; Iles, M. The relative importance of crop pests in South 
Asia. Natural Resources Institute Bulletin No. 39. Chatham, England: 
Overseas Development Administration; 1991. 

Guan-Soon, L.; Yuan-Ba, D. eds. Status and management of major vege
table pests in the Asia-Pacific Region with special focus towards inte
grated pest management. RAPA Publication 1990(3). Bangkok, 
Thailand: FAO; 1990. 

Hafeez, A Plant diseases. Islamabad: Pakistan Agricultural Research 
Council; 1986. 

Hashmi, A A; Hassall, K. A Pests and pesticides in Pakistan. Islamabad: 
Pakistan Agricultural Research Council; 1989. 

Hashmi, A A Integrated pest management. Islamabad: Pakistan Agricul
tural Research Council; 1993. 

Indian Council of Agricultural Research. Handbook of agriculture. New 
Delhi: Indian Council of Agricultural Research; 1978. 1303 P 



INSEcr PEST AND DISEASE MANAGEMENT 399 

Parsons, D. The production of citrus in Dir District. Saidu Sharif, Swat: 
Malakand Fruit and Vegetable Development Project; 1990. 30 p. 

Patbak, V. N. Diseases of fruit crops. New Delhi: Oxford and IBH Pub
lishing Co. Pvt. Ltd.; 1989. 

Pradhan, S. Insect pests of vegetables. In: Srivastava et al. Agricultural 
entomology, Vol. 11. New Delhi: All India Scientific Writers Society; 
1983. 

Rangaswamy, G. Diseases of crop plants in India. 2nd ed. New Delhi: 
Prentice-Hall; 1984. 

Sherf, A. F.; Macnab, A. A. Vegetable diseases and their control. New 
York: John Wiley and Sons; 1986. 

Subramanian, T. R. Diseases of fruit and vegetable crops and their control. 
Extension Bull. 17:1-36. Bangalore: llHAR; 1987. 

Westcott, C. Westcott's plant disease handbook. 4th ed., revised by R. K. 
Horst. New York: Van Nostrand-Reinhold Co.; 1979. 



Outline of Chapter 12 

12.1 Introduction 40 
12.2 Causes of post-harvest losses 40 
12.3 Physiology and biochemistry of fruits and vegetables 40 

12.3.1 Structure 40 
12.3.2 Composition 40 
12.3.3 Ripening and respiration 40 

12.4 Harvesting 40 
12.4.1 Hand harvesting 41 
12.4.2 Mechanized harvesting 41 
12.4.3 Chemical harvesting 41 

12.5' Post-harvest techniques 41 
12.5.1 Curing 41 
12.5.2 Gamma irradiation 41 
12.5.3 Wax coatings 41 
12.5.4 Antifungal agents 41 
12.5.5 Packaging 42 
12.5.6 Storage techniqul''' 42 

12.6 Transportation 42 
12.7 Marketing 42 



12. POST-HARVEST HANDUNG 

Wasim A. Farooqi1 

LEARNING OBJECTIVES 

After studying, this chapter, the student should be able to: 

• Discuss various post-harvest techniques and related problems 

• Identify problems in handling fruit and vegetables in the orchard or 
market 

• Demonstrate how to handle fresh produce in a manner that minimizes 
post-harvest losses 

• Organize technical and administrative resources for the fresh fruit and 
vegetable trade 

• Anticipate problems which C9uld occur under undesirable environmen
tal circumstances 

• Manage handling of fresh produce for distribution to distant markets 

• Disseminate basic technical know-how to the end users in the horticul
tural trade and industry 

12.1 Introduction 

Like other developing countries, Pakistan needs to increase the quantity of 
food available for its rapidly growing population. There are various ways to 

. approach this problem. One is to produce more food; another is to conserve 
whatever is produced. In the past, much emphasis has been put on growing 
more food, while the post-harvest aspect (i.e. conservation of food after 
harvest) has been generally ignored. Undoubtedly we have to grow more 
food for the fast-growing population of Pakistan-not only by increasing 
the area under cultivation, but also by applying science and technology in all 
agr()-()perations. Horticultural produce supplies essential food items of daily 
use. There has been significant progress in increasing the area under these 

1Dr. Farooqi is Principal Scientific Officer/Post-harvest Technologist, Nuclear Institute for 
Agriculture and Biology, Faiaalabad. 
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crops since Independence. Also, exotic, high-yielding, and good-quality 
varieties have been introduced in parts of Pakistan. The area under cultiva
tion and production has increased for citrus (especially kinnow), grafted 
mango varieties, bananas, and deciduous fruits (especially apples). 

A major and often neglected step towards offering a greater volume, of 
nutritious food is to prevent its loss between the time of harvesting and 
consumption. The Pakistan National Commission on Agriculture estimated 
that defects and inadequate facilities in post-harvest handling, transport, 
storage, and marketing may cause up to 20-40 percent loss of fruit and 
vegetables. The value of this loss amounts to millions of rupees annually. 

Post-harvest losses of horticultural crops affect both the nutritional 
status of the population and the economy of the country. 

a. Nutrition. Fruit and vegetables are a rich source of the vitamins and 
minerals essential for human nutrition. The fruit and vegetables wasted in 
transit from harvest to consumer represent a loss in the quantity of available 
food. This is important not only in quantitative terms, but also from the 
point of view of quality nutrition. 

b. Economy. Careless harvesting and rough handling of perishables 
bruise and scar the skin, thus reducing quality and market price. Such 
damaged produce also fails to attract the international buyer, and brings the 
exporting country less profit and a bad name. This ultimately results in huge 
economic losses to the country. 

If we review the present situation in Pakistan, it is quite evident that 
harvesting operations, post-harvest handling in the orchard or field, storage 
and transport conditions, and marketing are scientifically defective. There 
is tremendous need for improvement in all these field and market opera
tions. Unless existing conditions are improved, we cannot minimize post
harvest losses, extend the storage shelf life of these perishables, or increase 
export earnings. Some of our produce like citrus (especially kinnow) and 
mangoes are of high quality and can compete in international markets, but 
because of poor post-harvest handling operations and management, the 
quality of this produce deteriorates before it reaches its destination. Al
though large quantities of our fruit and vegetables are exported, they face 
tough competition in international trade and do not bring premium prices. 

To improve the situation, it is essential to create awareness among 
growers, farm workers, managers, traders, and exporters about the extent of 
the losses being incurred and their economic consequences. These groups 
of people involved in the fruit industry also need to learn the basic princi
ples of fruit handling and storage. In addition, the government needs to pro
vide basic infrastructure like storage, handling, grading, packing, transport 
and marketing facilities, and technical expertise. This could be carried out 
jointly by the public and private sectors. 
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12.2 Causes of post-harvest losses 

Produce may be injured mechanically by the picker if he/she has long nails, 

handles the produce roughly, or throws it on the ground. Even when har

vesting is done carefully, the following factors cause post-harvest spoilage of 

horticultural produce (Farooqi et al. 1991). 

1. Loss of moisture from the surface of produce through evaporation, 

transpiration, and respiration. Loss of moisture from the produce results 

in shrivelling and loss of market value. 

2. When produce is stored at higher than optimum temperatures, in

creased metabolic rate, especially respiration, results in the onset of 

early senescence (aging) and ultimately the death of tissue. 

3. Interruption in the normal metabolic activity of the produce, due to 

either extremely low or high temperature. At sub-optimal temperatures, 

the produce may exhibit the physiological disorder chilling injury. This 

happens with tropical fruits like bananas, mangoes, and avocados. At 

high temperatures, above 30°C, the produce gets 'boiled'. In this case, 

its external appearance d~teriorates and it spoils quickly. 

4. Invasion of the produce by various pathogens results in fruit rot. Injured 

and senescent tissue is more sensitive to the attack of decay-causing 

microorganisms. 

12.3 Physiology and biochemistry of fruits and 

vegetables 

12.3.1 Structure 

Fruit and vegetables are plant organs made of millions of cells bounded by 

more or less rigid cell walls. The cell wall is composed of cellulose, pectic 

substances, and lignins. It is permeable 'to water and solutes. Each cell 

consists of the cytoplasm and usually one or mote vacuoles, fluid reservoirs 

containing various solutes like sugars, salts, and amino and organic acids. 

They are surrounded by a semi-permeable membrane known as the tono

plast. The crispness of a fruit or vegetable is related to the, turgidity of the 

cells comprising it. 
Important cell organelles are the plastids, which are involved in energy 

fixation (chloroplasts), colour change (chromoplasts), and starch storage 

(amyloplasts). 
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12.3.2 Composition 

Fruit and vegetables are composed of water, carbohydrates, protein, lipids, 
organic acids, vitamins, minerals, and flavouring compounds in volatile form. 
The quantities of these components depend upon the species or variety of 
fruit or vegetable, the agro-climatic conditions where they are grown, plant
nutritional factors, and stage of maturity and ripening. Tables 12.1 and 12.2 
give the approximate amounts of sugar and some essential vitamins in 
selected fruits and vegetables. 

Table 12.1 Sugar content of some ripe fruits 
Sugar (g/100 g fresh weight) 

Fruit Glucose Fructose Sucrose 
Apple 2 6 4 
Banana 6 4 7 
Cherry 5 7 0 
Date 32 24 8 
Grape 8 8 0 
Orange (juice) 2 2 5 
Peach 1 1 7 
Pear 2 7 1 
Pineapple 2 1 8 
Tomato 2 1 0 
Source: Wills et al. (1989:9). 

Table 12.2 Approximate levels of vitamin C: vitamin A, and folic acid in 
some fruits and vegetable~ 

Commodity 
Black currant, guava 
Broccoli, Brussels sprout 
Papaya 
Citrus, strawberry 
Cabbage, lettuce 
Mango, carrot 
Pineapple, banana, potato, tomato, bean, cassava 
Apple, peach 
Beet, onion 

vitamin C (mg/l00 g) 
200 
100 
80 
40 
35 
30 
20 
10 
5 



Carrot 
Sweet potato (red) 

Spinach 
Mango 
Tomato 
Apricot 
Banana 
Potato 

Spinach 
Broccoli 
Brussels sprout, pulses 
Cabbage, lettuce 
Banana 
Most fruits 

Source: Wills et al. (1989:13). 
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Vitamin A 
(tJ-carotene equiv. 

mg/lOO g) 
10.0 
6.8 
2.3 
2.4 
0.3 
0.1 
0.1 
0.0 

Folate (JLg{lOO g) 
80 
50 
30 
20 
10 
<5 

The nutritional constituents listed in Table 12.2 are essential for normal 

human health. The daily dietary need depends upon age, health, condition, 

and the amount of physical work performed. Post-harvest deterioration 

results in loss of vitamin content. 

12.3.3 Ripening and respiration 

Ripening. After maturation, senescence begins with ripening, which may 

occur while the fruit or vegetable is attached to the plant or after harvest. 

The ripening fruit undergoes many physico-chemical changes after harvest, 

which determine fruit quality. 
Ripening is a complex process with many interdependent steps. The 

major metabolic process which takes place in the harvested produce is 

respiration. This is the oxidative breakdown of more complex material 

normally present in the cells such as starch, sugars, and organic acids, into 

simple molecules such as CO2 and H20 with the concurrent production of 

energy and other molecules which can be used by the cell for sympathetic 

reactions. Respiration occurs both in the presence of 02 (aerobic) and in its 

absence (anaerobic). (See Chapter 3 of this volume, section 3.2, for a de

tailed discussion of respiration.) Anaerobic respiration is known as fermenta

tion and results in the development of an off flavour in the produce. Rate 
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of respiration is a good indicator of the metabolic activity of fruit tissues and 
can serve as a commercial indicator of the potential storage life of produce. 
Such information can help in better and scientifically organized marketing. 

During ripening, visible and invisible thanges occur in a fruit. 
• Change of ground colour from green to yellow (with the exception of 

a few varieties which have green-<:oloured skin) 
• Change of starch into sugar (development of sweet taste) 
• Softening of pulp 
• Development of aroma (production of aromatic compounds) 

These changes make the produce edible and acceptable to the consu
mer. But from the commercial point of view these processes should be con
trolled so that the produce has a prolonged storage/shelf life. 

Flavour is one of the most important aspects of quality which develops 
under normal conditions. Some of the components of aroma of several fruits 
and vegetables are given in Table 12.3. The flavour of Kinnow mandarin is 
unique among the citrus fruits, and has been studied by Asi et al. (1989). 

Table 12.3 Distinctive components of the aroma of some fruits and 
veg~tables 

Product 
Apple, ripe 

green 
Banana, green 

ripe 
overripe 

Grapefruit 
Lemon 
Orange 
Raspberry 
Cucumber 
Cabbage, raw 

cooked 
Mushroom 
Potato 
Radish 

Compound 
Ethyl 2-methylbutyrate 
hexenal,2-hey enal 
2-hexenal 
Eugenol 
Isopentanol 
Nootakatone 
Citral 
Valencene 
1-(p-Hydroxyphenyl)-3-butanone 
2, 6-Nonadienal 
Allyl isothiocyanate 
Dimethyl disulphide 
l-Octen-e-oI,lenthionine 
2-Methoxy-3-ethyl pyrazine, 2.5-dimethyl pyrazine 
4-Methylthio-trans-3-butenyl isothiocyanate 

Source: Wills et al. (1989:14) 

Respiration. As described before, respiration is the most important 
process involved in maturation and ripening, and can be used as an indicator 
of the stage of fruit development as well as of potential storage life. 
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Figure 11.1 Respiratory patterns of some climacteric fruits stored at 15-20°C. Source: 
Farooqi (1970); Wills et al. (198Q). 

Respiration involves the oxidative breakdown of certain organic substrates. 
Respiratory peaks of apples, pears, bananas, and avocados are shown in Fig. 
12.1. 

Post-harvest respiration. The basic principle in post-barvest handling 
is-that horticultural produce (fruit and vegetables) are living, not only while 
they arp. Ql\ the tree/plant but also after they are detached from the plant. 
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They continue their metabolic reactions and maintain their physiological 
functions. They respire through the uptake of 02' produce CO2 and heat, 
transpire, and lose water. The major difference between the pre- and post
harvest stages is that when the fruit is attached to the plant it replaces con
sumed energy through the flow of cell sap, but after it is harvested it has to 
depend entirely on its stored food energy. TPis is the point where deteriora
tion begins. 

In the physiological development of any fruit or vegetable, there are 
three stages: growth, maturation, and senescence. Growth involves cell 
division and enlargement, while maturation begins when growth stops. Both 
these stages are developmental phases. After maturation, senescence starts. 
This is the stage when a fruit/vegetable should be harvested (before ripen
ing). In senescence, anabolic (synthetic) biochemical processes give way to 
catabolic (degradative) processes, leading to aging and finally death of the 
tissue. Changes which may occur during the ripening of fresh fruit are: . 

• Seed maturation 
• Colour changes 
• Abscission (detachment from parent plant) 
• Changes in respiration rate 
• Changes in rate of ethylene production 
• Changes in tissue permeability 
• Softening: changes in composition of pectic substances 
• Changes in carbohydrate composition 
• Organic acid changes 
• Protein changes 
• Production of flavour vola tiles 
• Development of wax on skin 

On the basis of respiratory pattern, horticultural produce can be divided 
into two major groups: climacteric and non-climacteric fruits. The climac
teric is a period in the development of certain fruits during which a series 
of biochemical changes results in increased respiration, leading to ripening 
and marking the change from growth to senescence. A simple classification 
on this basis is given in Table 12.4. 

Table 12.4 Classification of some edible fruits according to their respiratory 
behaviour during ripening 

Climacteric fruits Non-climacteric fruits 
Apple (Malus sylvestris) Cherry, sweet (Prunus avium) 
Apricot (Prunus armenica) sour (Prunus cerasus) 
Avocado (Persea americana) Cucumber (Cucumis sativus) 
Banana (Musa sp.) Grape (Vitis vinifera) 



Climacteric fruits 
Blueberry (Vaccinium corymbosum) 
Cherimoya (Annona cherimola) 
Chinese gooseberry (Actinidia chin
ensis) 
Feijoa (Feijoa sellowiana) 
Fig (Ficus carica) 
Mango (Mangifera indica) 
Muskmelon (Cucumis melo) 
Papaya (Carica papaya) 
Passion fruit (Passiflora edulis) 
Peach (Prunus persica) 
Pear (Pyrus communis) 
Persimmon (Diospyros kaki) 
Plum (Prunus spp.) 
Tomato (Lycopersicon esculentum) 
Watermelon (Citrullus lanatus) 
Source: Wills et al. (1989:24). 

12.4 Harvesting 
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Non-climacteric fruits 
Lemon (Citrus limonia) 
Pineapple (Ananas comosa) 
Satsuma mandarin (Citrus reticulata) 
Strawberry (Fragaria spp.) 
Sweet orange (Citrus sinensis) 
Tamarillo (tree tomato) (Cyphoman
dra betacea) 

Harvesting at the proper stage of maturity, the method of harvesting, and 
the handling operations are crucial aspects which determine the shelf life 
and quality of produce. In Pakistan, harvesting of fruit and vegetables is 
generally done by hand, by people who are not aware of the J?rinciples upon 
which the best harvesting dates should be determined. This factor adds to 
post-harvest losses. Prediction of correct harvesting dates may depend upon 
the number of days from flowering (apples), temperature-time values called' 
heat units, physiological criteria like pressure testing of fruit, ground colour 
of the fruit peel, or' percent total soluble solids (!'SS) of the pulp juice. 

The concept of beat unit provides a way to obtain an objective estimate 
of the time required for the development of a fruit to maturity. A certain 
number of beat units (degree-days) is required to bring any given crop to 
maturity. The number of degree-days required by a given crop is determined 
over a period of several years by calculating the sum of the differences 
between the daily mean temperatures and a fixed base temperature (com
monly the minimum temperature at which growth occurs). Based on weather 
conditions in a given year, the characteristic number of degree-eaysrequired 
for a given crop to mature can be used to forecast the probable date of 
r:laturity for the current year. As maturity approaches, this forecast can be 
confirmed by other means. 
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12.4.1 Hand harvesting 

Harvesting of fruit and vegetables is generally done by hand, either by 
pulling, plucking, twisting (twist-pick), or with clippers. If the fruit is har
vested by pulling, a portion of the peel is detached along with the stalk, or 
the button end is ruptured. This damaged portion of the harvested produce 
becomes more susceptible to microbial invasion, resulting in early spoilage. 

Two methods of harvesting tested, pulling and clipping, produced 
differences in the post-harvest spoilage of oranges due to stem-end and blue 
mould rots. Clipping was found to be superior to pulling. Also, twist-picking 
of citrus fruit results in less post-harvest loss from brown stem-end rot than 
pulling. Vegetables like okra, peas, and tomatoes are hand-picked and 
placed in a cloth bag or basket lying nearby. 

Mangoes are generally harvested when they begin to change colour from 
green to yellow, or when a few ripe fruit start dropping from the tree (tap
ka). If fruit is to be consumed locally, it should be harvested when ripe or 
partially ripe, but if it is to be dispatched to distant markets, it should be 
harvested at the hard, green stage. Picking should be done by hand or with 
a special mango-picker made of a bamboo pole with an attached knife and 
a cloth bag. Harvested fruit should be collected in cloth bags and should not 
be allowed to fall on the ground, otherwise they will suffer mechanical injury 
and will spoil quickly: Harvested fruit should be kept in field boxes and 
stored temporarily in the shade for despatch to the grading unit. Other fruits 
like citrus and apples should also be harvested by clipping or twisting and 
not by pulling (Farooqi 1991). 

12.4.2 Mechanized harve.tlng 

The use of machines for harvesting of horticultural crops has advantages as 
well as disadvantages. The advantages are: 

• A greater quantity of produce can be harvested in a shorter time. 
• The handling operation and possible damage is known and can be 

controlled. 
• . Multi-step operations like harvesting, grading, containerization, and 

storage can be manipulated at one platform. 
• The cost of harvesting per unit is less. 
• The field operation (harvesting) will not be badly influenced by social 

or administrative problems like ,trikes, curfew, etc. 

Disadvantages are: 

• The initial cost of machines is very high. 
• Some farm labourers will become surplus and will add to the social 

problem of unemployment. 
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• Orchardists with small holdings cannot afford to buy the machines, nor 
would it be economical for them to use them if they could. 

• No single type of harvester can be used for all kinds of fruits and vege
tables, therefore its utilization will be uneconomical. 

12.4.3 Chemical harvesting 

Some chemicals are used to help in harvesting. These chemicals are sprayed 
on the tree prior to harvesting to loosen the attachment of fruit to the 
plant-the connection between the stalk and the button of the fruit. The 
tree is then shaken and the fruit drops. Such a practice can only be used 
with firm or hard fruit like apples or oranges. 

Local research on the use of chemicals. The effect of certain chemicals 
like ethylene dibromide (EDB), 2,4-dichlorophenoxyacetic acid (2,4-D) and 
maleic hydrazide (MH) was studied on citrus and mangoes (Farooqi 1983; 
Rashid et a1. 1984). 2,4-D was successfully used to keep the buttons of citrus 
fruit intact and green during storage, which resulted in delaying its aging. 
Concentrations of 500 and 200 ppm for Kinnow mandarin and Eureka 
lemons, respectively were found optimum. MH at a concentration of 1000 
ppm delayed the ripening of hard green mangoes (Samar Bahisht) during 
storage at temperatures of 23-30°C. Effects of EDB on bananas during 
ripening were also studied (Farooqi and Hall 1972). 

12.5 Post-harvest techniques 

12.5.1 Curing 

After harvest, some horticultural products, especially tuber and bulb vegeta
bles like potatoes, onions, and garlic, are conditioned by exposing them to 
certain temperature and humidity conditions. This technique is called c:urlng. 
It helps to evaporate excess moisture from the produce, develop a warJ 
layer on the fruit, and reduce the danger of microbial attack and resultant 
rot. Thus this treatment enhances the shelf and storage life of the vegeta
bles. According to lanick (1979:429-30), potatoes are cured at about 
13-16°C during two to three weeks of storage, and sweet potatoes are cured 
at a temperature around 27°C. 

12.5.2 Gamma Irradiation 

It is possible to extend the shelf life of fresh fruit and vegetables at ambient 
as well as refrigerated temperatures by gamma irradiation (Goldblith 1970). 
Irradiation helps to extend the shelf life of horticultural produce in the 
following manner (Maxie et a1. 1966; Farooqi et a1. 1967, 1974). 
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1. It inhibits the sprouting of tubers and bulbs like potatoes, onions, and 
garlic (Hamid et al. 1965; Farooqi and Donini 1976). 

2. It delays ripening and senescence by interfering with basic metabolic 
processes, as in mango, papaya, banana, and guava (Hatton et al. 1961). 

3. It disinfects the produce of fruit flies and weevils, as in mangoes and 
dried fruits, and helps to solve storage and quarantine problems. 

4. It pasteurizes the fruit surface, as in citrus. 

Complete sterilization of fresh fruits is not practicable, because the high 
~amma radiation doses required would damage important quality attributes 
such as appearance, texture, taste, and flavour. Most attention has, there
fore, been centred on the use of su1>-sterilization doses (pasteurization) 
which inhibit physiological processes such as sprouting, ripening, and senes
cence. Optimum radiation doses for pasteurization have been standardized 
for various kind of fruits and vegetables. A list of fruits and vegetables for 
which gamma irradiation has been cleared by the WHO for different coun
tries, and the tolerable radiation doses for various fruit and vegetables is 
given in Table 12.5. 

Table n.s Tolerable radiation doses for various fruit and vegetables 
Minimum 

Maximum radlatJon dose 
tolerable required 

Commodity Objective dose (kGy) (kGy) Ulllltatlon. 

FRUiTs 
Apples Control of sc:aId and 1.0-1.5 No effect Tissue softening, cheaper 

brown core 

Apricots Inhibition of brown 
rot 

Avocados Ripening delay 

Bananas Ripening delay 
Cantaloupes Ripening delay 

Grapes Inhibition of grey 
mould 

Lemons Inhibition of Pmi· 
cillium rots 

.Limes 

0.50 

0.25 

0.50 
2.00 

0.25..{).50 

0.25 

0.25 

below 1.50 and effective a1ternatiws 
available. 

2.00 Tissue softenins 

2.00 Cheaper and effectM a1ter
natM:s available 

0.3Q..{).35 
No effect 
below 2.00 
10.00 

1.50-2.00 

1.50-2.00 

Tissue softening, develop
ment of off-flavour, cheaper 
and effective alternatives 
available 
Skin injury to fruit 

Cheaper and effectNe alter
natives available. Develop
ment of off-flavour 
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Commodity 

Nectarines 

Papayas 
Oranges 

Peaches 

Pears 

Raspberries 

Strawbernes 

Asparagus 
Onions 

Potatoes 
Tomatoes 

Minimum 
Maximum radiation dose 
tolerable required 

Objective dose (kGy) (kGy) 

Inhibition of brown 1.00 2.00 
rot 
Disinfection 0.75-1.00 0.25 
Inhibition of Pent· 2.00 2.00 
cillium rots 

Inhibition of brown 1.00 2.00 
rot 
Ripening delay 1.00 2.00 

Inhlbltron of grey 1.00 2.00 
mould 

2.00 2.00 

VEGETABLES 
Inhibition 01 growth 0.15 0.05-0.10 
Inhlhltllln of sprout- 004-0.06 0.10 
ing 

0.20 0.08-0.1 5 
Inhibition of Aller- 1.00-1.50 3.00 
nana rot 

Source: van KooJl (1984); Farooqi (1986). 

Limitations 

Tissue softemng 

Skin Injury to fruit. Cheaper 
and effective alternatives 
available 
Tissue softening 

Abnormal npening; cheaper 
and effective alternatives 
available 
Tissue softemng 

Cheaper and effective alter-
natives available 

There is widespread interest in the use of gamma irradiation for extend
ing the shelf life of citrus fruits. This technology offers promise for reducing 
spoilage from harvest until it reaches the consumer. While the decayorgan
isms can be inactivated by adequate exposure to gamma rays, it is necessary 
to limit the dosage so that no significant changes occur in the physical and 
chemical propcrtjes of the fruit. Sensitivity of the rot-causing organisms 
varies depending on several factors including differences among species, the 
stage of infection on the fruit, and the extent of the infection which influenc
es the amount of radiation required for inactivation. 

Changes in fruit respiration, colour, texture, acidity, and vitamin C 
content are usually intensified as the radiation dose is increased. However, 
no single minimum radiation dose required to protect fruit from decay can 
be stated. A number of factors determine the required radiation dose. 
Higher doses are needed to retard old infection established in the fields than 
for young infections which develop after harvest. Several decay-causing 
organisms vary in radiation resistance. The flux as well as dose of gamma 
radiation apparently influence the control of infections. Several important 
species causing decay in citrus are known to have radiation resistance in the 
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following increasing order: Trichoderma viride, Phomopsis citri, Penicillium 
italicum, Penicillium digitatum, Geotrichum candidum', Diploidia natalensis, 
Alternaria citri. Alternaria dtri is by far the most resistant to radiation of 
these fungal organisms. A radiation dose may be sufficient to prevent devel
opment of the organism most commonly causing spoilage, but secondary 
decay may result from the more radiation-resistant species. Beraha et al. 
(1959) reported that the flux or intensity as well as the administered dose 
of gamma radiation influenced both rate of development and total incidence 
of blue mould of oranges and green mould of lemons. Decay on oranges was 
not completely controlled by a 1.82 kGy dose delivered at 30 Gy/min. How
ever, effective control was achieved with radiation given at 2200 Gy/min over 
a dose range of 1.57-1.82 kGy. At a flux rate of 400 Gy/min, control of 
infection is effective when the dose range is 1.25-1.37 kGy. 

The radiation dose required for sufficient inactivation of organisms to 
provide adequate protection for fruits during marketing is quite different 
from the dose required for complete destruction of the organisms. Minimum 
lethal radiation doses for fungi (causing citrus fruit decay) vary between 
20 kGy (Penicillium) and 60 kGy (Alternaria). These'doses would be exces
sive for treatment of fresh fruits as they are not only phytotoxic, causing peel 
injury, but also aamage texture and flavour. 

Research work has been carried out by various scientists on the effect 
of gamma irradiation on physical and chemical changes in many fruits. The 
work on citrus is summarized here. 

Physical changes in citrus resulting from gamma irradiation. 

A. SKIN INJURY. Dennison et al. (1966) and Farooqi (1966) reported the 
development of skin injury as a result of gamma irradiation of Washington 
Navel, Pineapple, Temple, and Valencia oranges. Pineapple and Valencia 
were found more susceptible to skin injury than the Navel and Temple 
cuItivars. The injury was manifested by the development of dry sunken areas 
turning brownish in colour as the storage period increased. The depth and 
the area of the peel exhibiting the injury varied proportionally with the 
irradiation dose. Radiation injury to the peel could, however, be reduced by 
manipulating the storage temperature following irradiation. 

B. GAS POCKETS. Maxie et a1. (1963) found that lemons irradiated with 
dosages above 2 kGy developed severe cavities (gas pockets) when stored for 
three or more weeks at 15°e but not at a temperature of 2Ooe. Develop
ment of ~avities along the segment membrane was thought to be due to 
pectin degradation in these areas, or to the differential pressure of the gases 
of the internal atmosphere present at different locations in lemons. Denni
son et a1. (1966) reported the development of gas pockets in Avon and 
Lesion lemons grown under Florida conditions which were irradiated at a 
dose of 2 kGy or above, when they were stored at lOoe for four weeks. 
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Chemical changes in citrus. 

A. RESPIRADON. Respiration rates have been used as an index of the meta
bolic activities of fruit during ripening and senescence, mechanical injury, 
and chilling injury. An increase in respiration of Shamouti-type laffa oranges 
may occur for a few days after irradiation, followed by a decline in respira
tion. High respiratory activity proportional to the radiation dosage was 
obtained by Dennison et al. (1966) working on Temple oranges. 

Citrus fruits, being non-climacteric, do not ripen after removal from the 
tree; however, they undergo many metabolic changes which result in senes
cence. Some of these changes include varied levels of respiration (i.e. evolu
tion of CO2 or uptake of 02)' organic acids, sugars, pectic substances, and 
skin pigments. Keeping the fruit at low temperatures has been recommended 
to slow down these changes and extend shelf life. Research has been carried 
out by various workers on the effects of radiation on metabolic changes 
which occur after harvest. 

B. ASCORBIC AND CITRIC ACIDS. The major chemical of nutritional impor
tance in citrus fruits is ascorbic acid (vitamin C) which is present in reduced 
form. Effects of radiation on ascorbic acid content vary with the species and 
variety of citrus fruit as well as radiation dose level. Radiation causes imme
diate loss in the reduced form of the acid which is followed by recovery 
within 24 hours. At higher doses like 4 kGy, the loss may be as much as 15 
percent. Change in citric acid level upon irradiation is followed by ascorbic 
acid loss. Decline in the percentage of citric acid, as an effect of radiation, 
is variable within varieties of citrus fruits. 

C. ORGANOLEPTIC PROPER11ES. The effects of gamma irradiation on the ap
pearance, texture, taste, and flavour of oranges and grapefruit are modified 
by storage temperature and duration. Generally, these fruit may be irradi
ated with dosages up to 2 kGy without any appreciable damaging effects on 
organoleptic characteristics. Maxie et aI. (1963) found (except at 3 kGy) no 
significant difference in the taste of pulp or juice from Navel oranges stored 
at O°C for 10 weeks. Overall flavour 'K:Ores, especially of fruit treated at the 
lower level of irradiation, generally improved with time of irradiation. Den
nison et at (1966) irradiated Florida grown Navel oranges to 0-3 kGy and 
stored. them at lOoe. One day after irradiation, irradiated oranges were 
rated less acceptable than unirradiated oranges. However, no significant 
differences were found after 13 and 28 days of storage. Navel oranges 
irradiated with 2-3 kGy were rated less acceptable after 2, 11, and 25 days 
of storage at 2°C. Temple oranges irradiated with dosages above 1 kGy and 
stored at 2°C for 7 and 13 days, were rated lowest of all. Similar trends were 
reported for irradiated Duncan grapefruit when stored at 15°C and 18°C. 
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Maxie et al. (1963) state that California Navel oranges subject to 2-3 
kGy radiation doses and stored for two months at O°C were decidedly more 
orange in colour. However, irradiated Florida Navel and Temple oranges 

. behaved differently, exhibiting a bleaching of colour with a resultant yellow
orange colour after storage for 30-35 days at 100e. Maxie et al. (1963) re
ported that the flesh of both Eureka and Lisbon irradiated lemons devel
oped a translucent appearance followed by a brownish colour within one to 
two weeks after irradiation. This condition was particularly noticeable in 
fruits subjected to 2 and 3 kGy radiation doses. 

Local research on gamma irradiation. The effects of gamma irradiation 
(."rom 60Co) on the inhibition of sprouting in potato tubers (Ultimus and 
Dacca local) and onions (Punjab Red) were studied during storage (Hamid 
et al. 1965; Farooqi et al. 1967; Ali et al. 1970). A dose of 60-100 Gy was 
found to be optimum for the inhibition of sprouting. No significant changes 
in the rate of respiration (02 uptake), , biochemical constituents' (ascorbic 
acid, carbohydrates, and phosphorylase and invertase activity), and cooking 
qualities were recorded. 

Low-dose gamma irradiation at 300 Gy to hard, green, pre--climacteric 
Desi and Samar Bahisht mangoes (Rashid and Farooqi 1984) and guava 
(Sufeda) significantly (p<0.05) delayed the ripening of the fruit. No 

• phytotoxic effect of radiation at this dose was observed. The vitamin C 
content, acidity, reducing, non-reducing, and total sugars, and sugar-acid 
ratio of the irradiated fruit remained normal. 

Radio-pasteurization of citrus fruits was also done using 1-3 kGy radia
tion doses. Skin damage to the fruit in the form of pitting or dark brown 
patches was observed. The extent of damage was dependent upon radiation 
dose and storage time. Radiation caused an increase in the respiration (C02 
and C2H4 production) of citrus fruit. However, no significant change in 
biochemical constituents like vitamin C, acidity, reducing, non-Teducing, or 
total sugars was observed except at a dose of 3 kGy. 

Shelf life extension of some minor fruits like falsa and ber was also 
observed at doses below 0.5 kGy. There were no deleterious effects on the 
acidity, TSS, vitamin C content, glucose, fructose, or sucrose contents of 
falsa; nor were there any on the vitamin C, carotenoids, pectines, sugars, and 
acidity of ber during storage. The effect of gamma irradiation on shelf-life 
extension and processing quality of dates (cvs. Hillawi and Khudrawi) was 
also studied under non-refrigerated storage conditions. A dose of 1 kGy 
proved useful for this purpose and had no deleterious effect on the eating 
quality of the fruit (Siddique et al. 1987). 
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12.5.3. Wax coatings 

As described earlier, post-harvest deterioration of fresh horticultural pro
duce is due to water loss, senescence, and development of physiological 
disorders and fungal attack. While refrigeration is the principal means of 
retarding this deterioration, and external atmosphere control is finding wider 
application, certain ancillary treatments are of value (Hall and Trout 1944). 
Waxing the fruit surface adds shine and reduces water loss and rate of 
respiration, thus improving external appearance and extending storage life. 
The effect of wax coating on certain physiological processes which particular
ly reduce edible quality have been studied by various workers. Platenius 
(1939) studied the effect of waxing in reducing the shrinkage of potatoes, 
while Jones and Richey (1939), Nelson (1939), Trout et al. (1953), and 
Schomer and Pearson (1968) studied the effect of waxing on deciduous fruits 
like apples. Such a study had been previously carried out by Mack and Janer 
(1942) on cucumbers. All these workers observed considerable reduction in 
weight loss of the produce as compared to control samples. 

Since research on the waxing of apples gave very encouraging results, 
research was continued by many workers like Hall and Trout (1944) and 
Eaks and Ludi (1960). Other fruits for which this treatment showed econom
ic benefits were citrus, for which it became a common commercial treatment 
to maintain freshness. 

Several wax formu lations have been developed and tested experiment~l
ly. Suitable emulsifiers are used to produce a wax emulsion. Synthetic or 
natural resins are added to the wax emulsions to give more gloss to the 
treated produce. Water-wax emulsions are safer to use than solvent waxes, 
which are highly flammable. Water-wax emulsions can be used without 
drying the fruit prior to the treatment, therefore, washing and waxing treat
ments can be combined. Carnauba wax, sugarcane wax, thermoplastic ter
pene resin, and shellac are common substances which are used commer
cially; however, waxes of plant origin are preferred. 

Developments in wax emulsions were not limited to the formulation of 
new types of wax, but also included the addition of chemical fungicides, 
which gave waxing treatment an additional function. For example, diphenyl
amine added to the wax emulsion not only gave additional shine and re
duced weight loss and respiration rate of apples and pears, but also reduced 
the occurrence of scald. Addition of post-harvest fungicides to the wax 
emulsion to control Penicillium rot in stored citrus fruits also proved helpful. 

Waxes may be applied by dipping, spraying, foaming, or brushing. 
Foaming is a better method of application since it leaves a very thin layer 
of wax on the fruit. If a thicker layer of wax is applied to the fruit surface, 
it becomes an undesirable barrier between the external and internal atmos
pheres and restricts exchange of respiratory gases (C02 and 02)' This may 
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result in anaerobic respiration, resulting in fermentation and development 
of an off flavour. It is, therefore, necessary to adjust the thickness of the wax 
coat according to the variety and storage and marketing temperatures. 

Local research on the effect of wax coatings. The effect of the wax 
emulsions Fruitex, Britex-561, and SB 65 on oranges (Pineapple and Valen
cia), mandarins (Feutrell's Early and Kinnow), lemons (Eureka), and grape
fruit (Marsh) was studied during refrigerated and non-refrigerated storage 
(Farooqi et a1. 1988). Wax coating of fruit improved its external appearance 
by giving additional shine to the fruit surface. It reduced weight loss and 
kept the fruit firmer, thus maintaining its fresh look, while it reduced rates 
of respiration and ethylene production, thus delaying senescence. No signifi
cant changes in constituents like vitamin C, acidity, and s\lgar content (in 
citrus fruit) were recorded due to the treatment. However, decrease in 
vitamin C content and acidity, and an increase in sugar content were ob
served as a result of storage. Higher concentrations of wax resulted in the 
development of off flavour in citrus fruits particularly during holding at 
20°C, making this treatment unsuitable for this fruit. 

Some preliminary work on the waxing of mangoes (Samar Bahisht) was 
also carried out during storage at temperatures ranging from 30-35c C. 
Weight loss of wax-coated mangoes was significantly reduced (p<O.Ol) and 
the appearance ef the treated fruit was maintained. Ripening of the wax
coated mangoes was delayed (p<O.05). It was, however, found necessary to 
tailor the thickness of the wax coat according tc! storage temperature to 
avoid development of off flavour. 

12.5.4 Antifungal agents 

Continued metabolic activities of the fruit result in senescence and ulti
mately death of the tissue. The attack.of microorganisms at any stage (pre
or post-harvest) results in decay. Huelin (1942) in Australia reviewed the 
storage and export problems of citrus fruits in the period between 1935 and 
1942. According to Hall (1938), borax was found the most effective of 
several materials used commercially as post-harvest dips. It was used to a 
limited extent until the mid-1950's; later on, a combination of borax and 
boric acid was preferred. Long and Roberts (1958) reported the replacement 
of borax and boric acid with sodium orthophenylphenate (SO PP) in citrus
packing houses. SOPP was preferred as it was found more effective, did not 
leave any residue, and caused less fruit shrinkage. 

Supplementary use of diphenyl wraps gave good protection against 
moulds and stem-end rot, especially in export packs. Diphenyl wraps were 
an effective fungicide, but they left taints in fruit flavour. Although dibromo
tetrachloroethane and esters of orthophenyl phenol were found relatively 
better in keeping fruit flavour normal, these fungicides were not approved 
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by health authorities. Eckert and Kolbezen (1962) reported that 2-aminobu
tane (2-AB) was very effective against green mould (Penicillium digitatum). 
The use of 2-AB was extensively tested in California. In Gosford (Austra
lia), 2-AB was found as effective as SOPP in controlling green mould in 
stored citrus fruits, and did not cause skin injury. In the USA, Harding 
(1976) reported the effectiveness of Imazalil against post-harvest decay of 
citrus. Pierson and Wright (1977) discovered that Imazalil was effective 
against Benzimidazole-resistant strains of Penicillium expansum. Kaplan and 
Dave (1979) reported the use of Imazalil with aqueous carriers such as 
spray, in wax emulsions, and applied by drenching and dipping. Kuramoto 
and Yamada (1975) reported the. cffective use of Guazatine in controlling 
rot in citrus fn~its. The use of this fungicide for the control of sour rot in 
lemons, oranges, and tangors was also tested by Rippon and Morris (1981). 
According to these workers, the use of Guazatine gave better results than 
SOPP and 2-AB. Tridemorph, RH 2161, and benomyl are also used to 
control rot in stored citrus with beneficial effects. 

Thiabendazole, 2-(Thiazol-4-yl) benzimidazole (TBZ), is a well-known 
anthelmintic agent and was reported by Staron et al. (1964) as a plant 
fungicide. Since then, a number of research workers have reported its effec
tive use as post-harvest fungici,de. Crivelli (1966) reported complete inhibi
tion of citrus moulds Penicillium digitatum and Diplodia natalensis. The use 
of TBZ for the control of citrus moulds was reported in Australia by Seberry 
and Baldwin (1968). Merck Sharp and Dohme introduced Tecto-60 in Paki
stan in 1971, which was replaced by Tecto-40 in 1972. Research on the use 
of TBZ for the control of mould rot was then undertaken, and its effective
ness for Kinnow mandarin was reported by Farooqi et al. in 1975. 

Pathogens which can develop resistance to fungicides are becoming 
more common with the advent of chemicals that inhibit specific metabolic 
processes. Wild (1974) has reported this problem for citrus fuhgicides. The 
information that citrus green and blue moulds can develop resistance to the 
Benzimidazole fungicides which control these moulds most effectively has 
caused the citrus industry great concern (Wild and Eckert 1982). If the 
resistance of pathogens to certain fungicides is known, scientists should 
explore the possibilities of using other fungicides. The development of new 
antifungal agents from time to time is therefore needed to combat this 
problem. The above mentioned fungistatic chemicals were found effective 
for Penicillium rots and sour rots which develop at any stage during storage. 

During extended storage in both under-refrigerated and non-refrigera
ted conditions, a disease known as black rot or internal blackening causes 
damage to stored citrus fruit. The fruit appears wholesome externally but is 
found black when cut open. This disease has been reported to be caused by 
Alternaria citri which enters through dried buttons (Farooqi et al. 1979). This 
disease creates a practical problem during extended storage and marketing, 



420 Wasim A. Farooqi 

and its incidence has been reported from time to time in several countries. 
However, no single antifungal agent has been found effective in controlling 
this infection of A. citri in stored citrus fruits. In Pakistan, Malik et al. 
(1972) reported a broad-spectrum antibiotic substance from a local strain 
of Bacillus subtilis AECL-69 which was effective against many types of 
pathogens including Alternaria spp. This antifungal complex (AFC) was 
therefore tested on Valencia oranges, and application of it to the cut stem 
ends prior to storage was found effective in controlling black rot in stored 
citrus fruit. 

As evident from the above cited literature, TBZ is the most effective 
fungicide for controlling citrus fruit diseases caused by Penicillium spp. Being 
an anthelmintic agent, it is also safe and recommended by medical specialists 
as a treatment for roundworms in human beings at a dose of 50 mglkglday. 
This fungicide has no phytotoxic effect on the fruit skin. The post-harvest 
residue of TBZ in oranges is far less than the normal dose given to a child, 
and hence is safe. 

Acceptable post-harvest residues of several fungicides for several coun
tries are given in Table 12.6. 

Table 12.6 Acceptable post-harvest fungicide residue for citrus 
Fungicides (ppm) 

Country TBZ SOPP Imazalil Diphenyl 2,4-D Benomyl 2-A,B 
Australia 10 20 110 5 . lOx 30 
Austria 6 12 70 7v 

Belgium 6 12 5 70 
Canada 10 10 110 2 10 
Denmark 6 12 5 70 10 
Finland 6 10 5 70 
France 6 12 5 70 1.5u 

W. Germany 6 12 5 70 2 7v 30 
Hong Kong 10 100 
Ireland 6 12 5 70 
Italy 6s 12 70 0.51 

Japan 10 10 70 
Luxembourg 6 12 70 
Netherlands 6 12 5 70 IS 30 
New Zealand 3 10 5 110 5 5 30 
Norway 6 10 5 70 
Poland 10 10 70 
Portugal 6 12 
S. Africa 6 5 5 
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Fungicides (ppm) 
Country TBZ SOPP Imazalil Dipbenyl 2,4-D Benomyl 2-A,B 
Sweden 6 10 5 110 2 10 30 
Switzerland 6 12 5 70 7v 

UK 10 12 70 2 
USA 10 10 lOx 110 5 10 30 
FAO/WHO 10 10 5x 110 2 10 30x 

x Temporary tolerance 
u If treated with benomyl, treatment with another fungicide prohibited. 
t Registered as pre-harvest use only. 
s Maximum of 3 ppm allowed if used with other fungicides. 
v Acceptable daily intake. 
Source: Farooqi (1986) 

Pakistani researcb on use of antifungal treatments. TBZ, Benlate, 
Captan, Antracal, and hot water dip, alone and in combination with gamma 
irradiation (300 Gy), were used to control the post-harvest problem of an
thracnose and stem-end rot in mangoes. Use of fungicides had no significant 
effect on the control of decay in mangoes; however, hot water dip (55°C) 
alone highly significantly (p<O.OI) controlled this disease. 

Dipping of citrus fruit in TBZ prior to storage highly significantly 
(p<O.OI) reduced fruit rot in stored citrus fruit. Use of antifungal waxemul
sions like Fruitex, Britex-561, and S~5 also helped to minimize post
harvest decay in stored citrus fruits; however, like other post-harvest appli
cations, they failed to control black rot. However, application of antibiotic 
F (ABF) derived from local strain of Bacillus subtilis AECL-69 on the cut 
stem ends prior to storage highly significantly (p<O.OI) controlled the inci
dence of this disease. When TBZ and ABF were mixed in water and fruits 
dipped for two minutes, a synergism was observed; such an application gave 
the best results for stored citrus fruits (Farooqi et al. 1981, 1985). No phyto
toxic effect of ABF was recorded on Kinnow and this process was patented 
(Farooqi et al. 1988, 1991). 

12.5.5 Packaging 

Improvements in packaging can lead to consumers receiving produce in the 
market in a fresh condition with less damage, longer potential shelf life, and 
better eye appeal. Modern packaging h!ls contributed to the improved han
dling of fruits and vegetables from farm gate to consumer in technically 
advanced countries; however, it needs urgent attention in underdev~loped 
countries. 
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For many centuries, widespread distribution of most perishables was re
stricted to their producing areas (Hale et al. 1982). In the developed coun
tries, farmers have modern warehouse facilities to wash, grade, and pack 
produce before distribution. However, the pace of such progress may be 
slow in some countries due to poor policy and management. Since there is 
tough competition in the international market, good packaging needs to be 
instituted, otherwise the exporter is likely to lose buyers. 

Good packaging maintains but does not improve the quality of the fruit 
or vegetables packed in it, therefore the best possible produce should be 
packaged (Ahmad et al. 1979, 1989). Moreover, packaging is only one of the 
post-harvest procedures and not a substitute for other methods of conser
vation. Some of the benefits of improved packing are listed here. 

• It protects against mechanical damage, moisture loss, and theft. 

• It provides beneficial modified atmosphere (MA) conditions, which can 
extend shelf life. 

• It ·scrves as an efficient handling unit. 

• It reduces the cost of handling, transport, and marketing. 

• It facilitates. the use of new modes of transportation. 

• It provides service and sales motivation. 

As described earlier, proper packaging protects fresh produce from the 
external environment, especially bruising and abrasion during transit. Cuts 
caused by sharp edges may cause serious quality losses from subsequent 
microbial decay. To get full protection, the containers should be lined or 
padded. Trays or tissue wraps also prevent damage from contact with rough 
surfaces or adjacent produce. Packaging reduces moisture loss and thus 
prevents shrivelling, especially when moisture/vapour barrier materials are 
used. By packing topped carrots or other root crops in polyethylene bags, 
weight loss is significantly reduced. Similar results have also been reported 
for mango and citrus fruits. Prevention of rapid wilting in vegetables is also 
important to retard loss of vitamin C (ascorbic acid) and carotene. 

Beneficial MA may develop in film-wrapped packages. This retards 
ripcning and extends storage life for produce like tomatoes and bananas, 
however, such sealed packages must be perforated or opened before mar
keting to allow normal ripening and prevent injury from high levels of CO2 
or low levels of O2, 

Types of containers and packaging material. The following types of 
packaging containers and materials are used for fresh fruit and vegetables. 

FIELD CONTAINERS: Field containers are of many types, depending upon the 
crop and availability of raw materials in the country. Fruits should generally 
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be harvested in canvas or cloth picking bags and transferred to large wooden 
boxes in the orchard. 

SHIPPING CONTAINERS: Packaging for shipping and handling requires con
tainers strong enough to protect produce from bruising, vibration, and the 
weight of other stacked containers. Containers strong enough to be stacked 
allow maximum utilization of space in storage and transport. In developed 
countries, many shipping containers are used only once and are not returned 
to the shipper, but in less-developed countries baskets or boxes are often 
returned or sold for multiple lise. Fibreboard (corrugated) cartons are 
becoming popular for shipping tropical and subtropical produce because of 
their light weight and low cost. Absorbing moisture and losing strength may 

I be disadvantages; therefore, quality material should be used. In some cases 
fibreboard cartons may be wax coated against moisture. 

BULK BOXES OR PALLET BINS: When the containers of fruit and vegetables 
are going to terminal market warehouses, pallet bins are prepared. That is, 
the boxes of produce are stacked in container-sized lots and stored to await 
further transport. 

CONSUMER PACKAGES: Small consumer-sized packages for horticultural 
produce are used in retail shops. The produce is washed, cleaned, and 
graded and then packed in nylon net, plastic, or foamed plastic bags. In 
advanced countries, produce is often kept in the rear of the shop before 
sale. 

Utilization of packaging in tropical regions. With the increase in export 
of horticultural produce from the tropical countries, improved packaging 
needs to be introduced. It is estimated that 25% or more of perishables go 
to waste in such countries due to improper transport, lack of storage, and 
inadeql,ate packaging. 

Local research on packing techniques. The effect of certain lining 
mate:ials like tissue paper, wax paper, newsprint paper, thin polyethylene, 
and cellophane films on the storage life of mango and citrus fruits was 
studied (Farooqi et al. 1979). Weight loss of the fruit was found to be least 
when the containers were lined with thin cellophane or polyethylene 
(0.03 mm), followed by wax paper and newsprint paper. Prevention ofweigbt 
loss was least with tissue paper lining. The effect of packaging on grapes and 
citrus fruits has been studied by Beattie and Outhred (1970) and Abmad et 
al. (1979), who found that polyethylene and cellophane films helped to 
reduce weight loss and maintain the fresh look of citrus fruits. 
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12.5.6 Storage techniques 

Refrigeration. Refrigeration is the principal means of extending the shelf 
life of most fruits and vegetables after harvest, as it slows down metabolic 
activity (Fidler 1968). Fruits of tropical and subtropical origin show a physio
logical disorder called chilling injury if exposed to temperatures below lOoC 
but above their freezing point. Severity of injury generally increases as 
storage temperature decreases and the duration of storage increases. Chilling 
symptoms may develop during or after exposure. The injury in many fruits 
and vegetables is manifested as discolouration, susceptibility to decay, or 
failure to ripen; it is progressive with time, indicating a general degeneration 
of metabolism. Low-temperature injury is at two levels. 

Group A: Subtropical and tropical fruit and vegetables such as bananas, 
n\angoes, tomatoes, cucumbers, and sweet potatoes are subject to injury 
after short exposures to temperature below lODC. 

Group B: Temperate climate fruits such as plums, peaches, and apples, may 
suffer chilling injury when stored for long periods below 5°C. 

Chilling injury, particularly to produce in group A, is an economic prob
lem and constitutes a major obstacle in the· storage, handling, and transport 
of fresh produce. Bananas are a typical example of highly chilling-sensitive 
fruits of this group. They may be injured by a 12-hour exposure below 8°C 
and even by temperatures as high as 12DC or 14DC at longer exposures, the 
degree of injury varying with variety and other factors. Research has been 
carried out to find optimum storage conditions for various fruits. Some of 
these results are given in Table 12.7. 

Table 12.7 Optimum storage conditions for various fruits 

Relative hu- App. storage 
Fruit Temperature (DC) midity (%) life (weeks) 
Avocado 12/8 85-90 2 
Banana, green 12.8-15.6 85-90 4 
Banana, ripe 12.8 85-90 1.5 
CITRUS 

Mandarin 5.6-7.2 85-90 6 
Orange cv. Valencia 4.4-6.1 88-92 5-6 
Lime, yellow 11.1-12.8 85-90 8 
Lime, green 11.1-12.8 85-90 7 
Lemon 5.6-7.2 85-90 6 
Grapefruit 5.6-7.2 85-90 8-12 
Pummelo 7.2-8.9 85-90 12 



POST-HARVEST HANDLING 425 

Relative hu- App. storage 
Fruit Temperature (OC) midity (%) life (weeks) 

Date 6.7 85-90 2 
Fig 0.0-1.7 85-90 7 
Guava 8.3-10.0 85-90 2-5 
Litchi 1.7 85-90 8-12 
Mango, 7.2-10.0 85-90 3-6 
Papaya, green 10.0 85-90 3-4 
Papaya, turning 8.3 85-90 2-3 
Passion fruit 5.6-7.2 85-90 3 
Persimmon 0.0-1.7 85-90 7 
Pineapple, green 8.3-10.0 85-90 4-6 
Pineapple, turning 4.4-6.7 85-90 1.2 
Plum 0.0-1.7 85-90 2 
Pomegranate 0.0-1.7 85-90 11 

Post-harvest chilling sensitivity of fruit is influenced by many factors 
such as variety, climate in which a varietY is being grown, maturity at har
vest, stage of ripeness, fruit composition, and composition of the storage 
atmosphere. Useful research on fruits has been carried out by many workers 
(Hatton et al. 1980, 1982; Farooqi 1983, 1987). 

Local research on refrigerated storage. Studies on the chilling sensitivi
ty of mangoes and citrus were carried out. It was observed that the skins of 
both mango and citrus fruits exhibited damage due to chilling, while the 
physiology of the whole fruit was less affected. Chilling sensitivity of Sensa
tion variety of mango was found different than that of Samar Bahisht (Far
ooqi et al. 1985). A set of recommendations for mangoes based on the 
experimental results at NIAB was prepared, and successful export trials were 
recently carried out (Farooqi ai1d Qureshi 1991; Langer 1991). In studies of 
the chilling sensitivity of citrus fruits, Marsh grapefruit and Eureka lemons 
were found significantly (p<O,u5) more sensitive to chilling during storage 
than Kinnow mandatins (Farooqi et a!. 1987). 

Controlled-atmosphere ,,~orage. The composition of gases in the storage 
environment can affect the storage life of produce. An atmosphere with 
reduced concentration of 02 or increased co~centration of CO2 or both 
(decrease in 02 and increase in CO2) is called a controlled-atinosphere 
(CA) or gas storage, or modified atmosphere (MA). Under this type of 
storage, metabolic activities are slowed down, which results in shelf life 
extension. 

Many volatile compour ds evolved in the stored' produce may accumu
late in the storage atmo~pkre. Ethylene gas (CzH4) is the most !mportant 
of these compounds. The accumulation of C2H4 may enhance ripening, thus 
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reducing shelf life of the produce. It is therefore necessary to remove C2H4 
gas from the CA storage. 

Pakistani research on controlled-atmosphere storage. The storage life 
of fresh fruits and vegetables has been extended by controlled-atmosphere 
storage. Langra mangoes remained in a hard green condition for two weeks 
during storage in nitrogen atmosphere at 25-30°C. However, when they were 
transferred to normal air, they failed to ripen normally due to the damage 
which had been done during storage at sub-critical 02 level. In Pakistan 
there are no commercial CA stores. Further research on the use of CA 
storage needs to be conducted, particularly for climacteric fruits of tropical 
origin. The benefits of this technology can only be realized if practical 
research is carried out and the findings utilized for the benefit of farmers. 

Hypobaric storage. Hypobaric or low-pressure storage is a form of CA 
storage in which the produce in stored in a partial vacuum. The vacuum 
chamber is flushed continuously with water-saturated air to maintain the 
level of 02 and minimize water loss. Reduction in the partial pressure of 02 
and reduction in C2H4 levels in hypobaric storage result in retarding ripen
ing of fruits. A reduction in air pressure to 10 kilopascals (0.1 atmosphere) 
is equivalent to reducing 02 concentration to about 2% at normal atmos
pheric pressure (76 cm Hg). 

Research on hypobaric technology has been carried out by Salunkhe 
and Wu (1973) on deciduous fruits, by Burg (1975) on various fruits and 
vegetables, and by Spalding and Reeder (1976a, 1976b, 1977) on avocados, 
limes, and mangoes, respectively. Hypobaric stores are expensive to con
struct because of the low pressure required inside the store. Its high cost is 
therefore one of the factors limiting the practical expansion of this techno
logy. Moreover, for its economical use, more research is required on how it 
affects different kinds of horticultural produce. 

12.6 Transportation 

Road. Fresh horticultural produce is generally transported by road in Paki
stan-using animal-drawn carts, trolleys, trucks, or trailers. None of these 
are refrigerated. In most cases roads are uneven and damaged, which causes 
mechanical damage to the produce due to vibration during transit. More
over, the way the produce is packed and stacked is very haphazard. Under 
such conditions the shelf life of produce is significantly reduced. 

Rail. Produce is also sent to distant markets by rail. The arrangements 
are not adequate because there are no special facilities for produce; special 
compartments where temperature can be controlled are generally not avail
able. 
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Sea. For export purposes, sea transport by launches or ships is avail
able. In addition to the Pakistan National Shipping Corporation (PNSC), 
many shipping companies offer this facility and provide reefer containers. 

Air. Air transport of highly perishable items is very expensive and 
possible only in the export business. Air-freight charges per kg of produce 
from one destination to another are three to four times those for sea freight. 
However, not all horticultural produce can be transported by ship because 
of the time factor. An aircraft takes only a few hours to carry produce from 
one destination to another, whereas a ship takes days or weeks. The ex
porter has to decide between cost and time. If shelf life of horticultural 
produce could be increased, surface shipment would become more feasible 
and growers/dealers would have more choice in shipping methods. 

12.7 Marketing 

Since horticultural products are living plant organs and do not cease their 
metabolic activities even after harvest, their handling, storage, distribution, 
and marketing (both domestic and export) is more complicated than for 
other agricultural produce. Economic benefit to a grower depends not only 
upon increased production but also on the profitable sale of the produce, 
which is dependent on planning and careful marketing. Present day market
ing is a highly specialized field, in which both qualitative and quantitative 
information about product demand is gathered through market research, 
often utilizing sophisticated, modern electronic media. On the basis of such 
information, supplies of produce can be directed toward markets where 
there is more demand at a specific time. This can help to balance the supply 
and demand situation. 

International marketing is much more difficult and specialized than 
domestic, as the demand for a product in each importing country is very 
specific as regards variety, quality, and acceptable post-harvest chemical 
residues. Therefore, the exporting country has to tailor the produce in 
accordance with the demands of the importing country. In some cases when 
a new or exotic variety is to be introduced in a country where the consumers 
are not aware of its attractive taste or nutritive value, sales promotion work 
has to be carried out so that the new product can be introduced to that 
segment of the export market. 

In Pakistan much improvement is needed in the marketing of horticul
tural produce. Surveying markets in the four provinces of Pakistan, one can 
easily identify the following major problems. 

• Poor hygienic conditions of markets 
• Improper packing and grading of produce 
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• Rough handling during marketing 
• Undesirable role of the middleman 

Each step of the marketing process is an important aspect of post-harvest 
handling and demands the attention of all those who are directly or indirect
ly involved in the marketing of fresh horticultural produce. Such steps will 
increase the amount of nutritious food available to people and increase both 
domestic and foreign-exchange earnings. 

STUDY QUESTIONS 

1. Why is handling horticultural produce different from handling other 
agricultural produce like grains? 

2. Write a note on the precautions that should be followed in the harvest
ing of fruit and vegetables. 

3. Discuss the causes of post-harvest deterioration of horticultural pro
duce. 

4. Outline the classification of fruits according to respiratory behaviour. 

5. Draw the respiratory curve of any two of the following fruits: banana, 
avocado, apple, or pear. 

6. Describe some of the post-harvest techniques which help to extend the 
shelf life of horticultural produce. 

7. What is the role of radiation technology in the storage behaviour of 
fruit and vegetables? 

8. What are the maximum tolerable radiation doses for vegetables like 
potatoes, onions, and tomatoes? 

9. What is wax coating? Discuss the advantages and disadvantages of this 
technology. Name one fruit on which waxing is used commercially in 
Pakistan. 

10. Comment on the relationship of antifungal treatment and prolonged 
shelf life. Is such treatment necessary? If so, under what circumstances, 
and for what types of produce? 

11. Discuss post-harvest fungicide residues, giving the minimum concentra
tion of residue allowed by the WHO for TBZ, SOPP, and Diphenyl in 
Australia, Germany, and the UK 
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'12. Discuss the role of packing in the post-harvest treatment of horticultur
al produce. What constraints does a grower in Pakistan face in packing 
his produce? 

13. Discuss the use of refrigeration technology in post-harvest storage. How 
are various fruits and vegetables grouped with respect to optimum 
storage temperatures? 

14. What is chilling injury? Which fruits are more susceptible to it? 

15. Give the optimum storage temperatures for the following fruits: per
simmon, pomegranate, guava, lemon, litchi. 

16. Discuss the advantages and disadvantages of controlled-atmosphere and 
hypobaric storage. 

17. Marketing strategies and technology are critical for perishable fruits and 
vegetables. (a) Describe the practices currently followed in marketing 
these commodities in your local area. (b) Suggest feasible improvements 
in marketing of these commodities for the growers of your area. 

18. The business of exporting horticultural produce has been slow in the 
past. How would you suggest using recently developed technology to 
improve the volume of export of these commodities? 

19. Describe research on post-harvest technology and handling that has 
been done in Pakistan to date. 

20. Compare and contrast the storage needs of apples, citrus frUits, and 
mangoes. 

21. (a) Describe post-harvest handling, storage, and distribution practices 
currently being followed in Pakistan. (b) Formulate a comprehensive 
plan for improvement of this sector of agriculture in the country. 
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13. FRUIT CROPS 

Muhammad Ibrahim Chaudharyl 

This ,chapter includes description of the botany and morphology, soil and cli
matic requirements, propagation, cultural practices, varieties, and important 
problems associated with major evergreen and deciduous fruits of Pakistan. 
The fruits are discussed with emphasis on their commercial importance. 

LEARNING OBJECTIVES 

A student who studies this chapter should be able to: 

• Tell the soil and climate requirements of the major fruit crops of 
Pakistan 

• Rank the major fruit crops of Pakistan by their commercial importance 

• Given a specified location in Pakistan, tell which fruit crops can be 
successfully grown there, and what special measures may be needed 

13.1 Citrus fruits 

13.1.1 Botany 

The classification of citrus fruits is controversial among botanists as well as 
horticulturists. The unique tendency of citrus to cross between species and 
also between genera has further complicated classification. Swingle (1943) 
divided the genus Citrus into three independent genera: Citrus, Poncirus, 
and Fortunella. He put 16 species under Citrus, four under Fortunella, and 
only one species under Poncirus. Hodgson (1961) divided Citrus into 36 
species. Swingle's classification is usually followed, with some modifications 
as suggested by Hodgson. 

All three genera belong to the sub-family Aurantioideae of the family 
Rutaceae. The sub-family consists of two tribes, Clausenae and Citreae. 
Citreae has 33 genera including Citrus, Poncirus, and fortunella. The taxo
nomic relationship of the common citrus fruits is as follows. 

lDr. Chaudhary is Associate Professor, Department of Horticulture, University of Agri
culture, Faisalabad. 
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Rutaceae 
Aurantioideae 
Citreae 

Family 
Sub-family 
Tribe 
Genus 1. Citrus (sweet orange, mandarin, grapefruit, 

lime, and lemon) 
2. Fortunella (kumquat) 
3. Poncirus (trifoliate orange) 

These three genera can be distinguished in general from each other by 
their leaf and ovary characters. Poncirus has 3-lobed (trifoliate) leaves and 
is deciduous. Fortunella and Citrus are both unifoliate and evergreen, but the 
ovary of Fortunella is 3--{i celled while that of Citrus has 8 or more cells. 

Genus Citrus. The genus Citrus has evergreen trees and shrubs. These 
are normally spiny with thick, leathery leaves and winged petioles. Flowers 
are white or in some species pink on the outside, pen tame rous, axillary or 
as terminal lax cymes, and scented. They have small calyxes, hara sepals, and 
thick petals with densely spaced oil cells. The stamens are numerous 
(15--{iO), and the ovary superior with 8-15 carpels containing few to several 
ovules. The fruit has a thick leathery rind; botanically it is a special type of 
berry called a hesperidium. The fruit is globose, sub-globose, or elliptical and 
filled with juice sacs or vesicles. The fruit contains few to many white or 
light-green seeds, which are generally polyembryonic. 

The genus Citrus is divided into two sub-genera, Eucitrus and Papeda. 
All the edible citrus cultivars are species of Eucitrus. Papeda species contain 
acrid oil droplets in the juice vesicles and are inedible. A few of the impor
tant commercial species are: 

Citrus sinensis (L) Osbeck 
Citrus reticulata Blanco 
Citrus paradisi Macf. 
Citrus grandis (L) Osbeck 
Citrus limettioides Tan. 
Citrus aurantifolia Swing. 
Citrus limonia (L) 
Citrus medica (L) 
Citrus aurantium (L) 
Citrus jambheri Lush 

Sweet orange 
Mandarin 
Grapefruit (pomelo) 
Chakotra (pummelo) 
Sweet lime 
Kaghzi lime 
Lemon 
Citron 
Sour orange 
Rough lemon 

Genus Poncirus. The genus Poncirus has only one species, P. trifoliate 
Raf., which has compound leaves with three leaflets and is deciduous. The 
tree is small and spiny. Flowers are sessile, and borne on previous-year 
wood in the axils of the spines. They open wide and flat, and are creamy 
white. The inedible, pubescent fruit has 6-8 segments, is filled with large 
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smooth seeds, and is orange-yellow at maturity. Poncirus is generally used 
as a rootStock in colder regions and for growing dwarf trees. 

Genus Fortunella. The genus Fortunella has four species, of which the 
commercially important ones are F. margarita Swing. (oval kumquat) and F. 
japonica Swing. (round kumquat). The trees are small with small green 
leaves paler on the underside. The flowers are white and smaller than those 
of Citrus. The fruit is small, orange colored, 3-6 celled, acidic and juicy, but 
with a sweet and edible rind. The other species are F. crassifolia Swing. and 
F. hindsii Swing. 

Hybrid species. A unique characteristic of the citrus group is that it has 
intergeneric hybrids. Poncirus and Fortunella can be crossed with Citrus and 
vice versa. Some successful hybrids reported are: 

Citranges 
Citrangequats 
Tangelos 
Limequats 
Ci,trumellos 
Citrandrins 

Poncirus x sweet orange 
Citrange x Fortunella 
Mandarin x grapefruit 
Lime x Fortunella 
Poncirus x grapefruit 
Poncirus x mandarins 

Distribution and importance. Citrus cultivars are grown in varying 
quantities in c01!ntries with tropical or subtropical climates, Cultivation in 
each country is determined by the minimum temperature occurring in the 
region, the temperature tolerance of the specific cultivar, latitude, altitude, 
proximity to large bodies of water, ocean currents, air drainage, and local 
conditions. Citrus stands first in area and production among the world's tree 
fruits. A world production target for 1990 was fixed at 17 million metric tons 
(MMT) (Wardowski et al. 1986). Important citrus-growing countries are 
China, India, Israel, Japan, Pakistan, Palestine, Syria, Turkey, Italy, Spain, 
France, Greece, Russia, South Africa, Algeria, Tunis, Egypt, Libya, Sudan, 
Argentina, Brazil, Jamaica, Mexico, the USA, and Australia. 

In Pakistan also, citrus fruits are the most important fruit crops. They 
are grown on the most area-l60,OOO hectares-and production is 
1.5 MMT annually. Citrus is grown in all four provinces of Pakistan, but 
Punjab produces over 95% of the crop. Citrus cultivation in Pakistan has 
recently made great strides, particularly from the 1960's onward. Introduc
tion of Kinnow mandarin has given a great boost to the citrus industry. Feu
trell's Early, another mandarin, is cultivated as an early variety .. Other 
varieties of sweet oranges are Blood Red, Pineapple, and Mosambi. Grape
fruits include Duncan, Marsh Seedless, Foster, and Shamber. Other com
mercial cultivars are Eureka lemon, Kaghzi lime, and sweet lime. The pro
gressive increase in citrus production is evident from Table 13.l. 
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Table 13.1 Production (thousand metric tons) and area (thousand ha) of 
evergreen fruits. (Figures are 5-year averages; numbers in 
parentheses indicate area.) 

Year Punjab Sindh NWFP Bal. Pak. 
CITRUS FRUITS 

1975-80 668.2 30.9 22.5 1.0 722.6 
(69.6) (2.7) (2.7) (0.3) (75.3)+ 

1980-85 1137.4 34.2 27.4 1.9 1200.9 
(116.2) (3.6) (3.3) (0.5) (123.6)+ 

1985-90 1422.6 34.8 29.8 3.6 1490.8 
(152.6) (3.9) (3.6) (0.7) (160.7) 

MANGOES 
1975-80 305.5 255.0 1.2 3.2 564.9 

(24.2) (33.2) (0.1) (0.5) (58.0) 
1980-85 383.0 260.6 1.4* 4.1 649.1+ 

(32.7) (33.5) (0.1) (0.6) (66.9) 
1985-90 465.7 260.4 1.7 5.0 732.8 

(44.2) (33.9) (0.2) (0.7) (79.0) 
BANANAS 

1975-80 6.6 102.7 7.5 0.6 124.4 
(1.3) (12.3) (0.4) (0.1) (14.1) 

1980-85 9.2 114.2 9.4 0.8 133.6 
(1.8) (12.8) (0.5) (0.1) (15.3) 

1985-90 11.5 170.9 9.2 .9 192.5 
(2.3) (18.8) (0.5) (0.1) (21.7) 

GUAVAS 
1975-80 86.7 19.5 13.0 1.1 120.3 

(12.7) (2.4) (1.5) (0.2) (16.8) 
1980-85 193.2 14.9 18.0 1.3 227.4 

(26.3) (2.4) (1.9) (0.2) (30.8)+ 
1985-90 288.9 16.4 22.4 1.7 329.4 

(39.2) (2.7) (2.3) (0.3) (44.5) 
DATES 

1975-80 42.4 64.3 4.5 81.7 192.9 
(6.5) (7.2) (0.6) (8.8) (23.1) 

1980-85 63.5 67.5 6.5 82.0 219.5+ 
(9.4) (10.2) (0.9) (9.1) (29.6) 

1985-90 92.1 93.2 6.5 85.6 277.4 
(14.0) (16.1) (0.9) (9.5) (40.5) 

Source: Data from Agricultural Statistics of Pakistan, 1989-90:89-100. 
* The original document has 0.4, which is a typographical error. 
+ Totals for Pakistan vary by .1 from those in ASp, 1989-90 due to rounding 
differences. 
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13.1.2 Soil and climatic requirements 

Soil. Citrus trees can be grown on a wide range of soils, including deep 

sandy loam, loam, and clay loam. Citrus trees, however, do not grow well in 

very heavy, clayey, sandy, alkaline, or waterlogged soils, or when a hardpan 

is present. In general, sandy loam or loamy soils are preferable. Citrus trees 

tolerate soil pH from 5.5-8.5. Soil requirements depend upon the type of 

rootstock used for the various species and varieties. Rough lemon is a good 

rootstock for the dry, sandy loam soils of Punjab, whereas sour orange 

performs better on the moist and heavy soil of NWFP. 

Climate., Citrus fruits are grown in tropical and subtropical climates. In 

these regions citrus groves are found from sea level to 450-750 m elevation. 

In Pakistan, the central divisions of Punjab- Sargodha, Faisalabad, Lahore, 

and Multan-produce excellent citrus. In NWFP, Peshawar, DJ. Khan, and 

Dir are important citrus-producing areas. 

Temperature is the main factor affycting the production and quality of 

citrus fruits. In cool regions, vegetative growth is less, fruit growth is slow, 

ripening is delayed, and the fruit is apt to be acidic. The smaller-sized cvs. 

become still smaller in these regions and are therefore not recommended. 

In colder regions pigmented cvs. like Blood Red sweet oranges develop 

excellent quality. Citrus cvs. cannot continue growth below 13°C and above 

40°C, but they can endure a temperature around 0 to -2°C without injury 

depending upon the cv. and the duration of the cold period. CitruS fruits 

are usually damaged by frost; species appear to resist frost in the following 

descending order: mandarin, sour orange, sweet orange, chakotra, grape

fruit, sweet lime, lemon, kaghzi lime, and citron. In hotter regions, the trees 

produce more growth and the fruit grows faster and ripens earlier, but in 

these regions the fruit frequently suffers from sunburn and is unmarketable. 

The maximum temperature that can be endured by citrus ranges from 

46°-50°C. The citrus fruit most resistant to high temperature is grapefruit. 

Time of blooming, maturity, and fruit quality are all influenced by 

temperature. Kinnow mandarin matures in February-March in the central 

regions, and as late as April in the northern regions of Pakistan. Humidity 

also affects the productivity and quality of citrus fruits. Some citrus cuitivars, 

particularly sweet oranges, produce more in regions with higher humidity. 

Fruit drop is less and they tend to be smoother skinned, juicier, and better

looking in these regions than in drier regions. 

13.1.3 Propagation and rootstocks 

Citrus varieties are propagated by both sexual and asexual methods. Gener

ally rootstocks are propagated sexually through seeds, and most commercial 

varieties are propagated by various asexual methods. 
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Raising of rootstocks. Rootstocks are generally tougher species and are 
more resistant to diseases and adverse soil and other environmental condi
tions than the varieties that are grafted onto them. With almost all citrus 
cultivars, the choice of rootstock is very important. They affect longevity, 
productivity, quality, and precocity of the scion trees. 

Most citrus seeds are polyembryonic and produce seedlings true to type. 
Citrus rootstock species are therefore propagated through seeds in the 
nursery. The fruit for seed extraction is taken from healthy, vigorous trees 
by the first week of September. The fruit is cut into halves and twisted to 
squeeze out the contents. The seeds are then separated from the pulp and 
juice and washed to remove the gelatinous material. They are dried by 
placing them in partial shade. It is best to grow the seeds fresh as they 
cannot be stored for long. Seeds stored in charcoal under dry storage condi
tions lose nearly 50% of their viability after 45 days, therefore storage of 
rootstock seeds is not generally advisable; but if it is necessary to ship them 
far, storage in ground charcoal or packed in vacuum tins at a temperature 
of 3-lOoC is recommended. 

Seeds are sown either in September or in February-March. Sowing 
earlier or later than this affects germination adversely, so for early or late 
sowing the seed rate is increased. An,und 70-80% of rough lemon seeds 
germinate. Sour orange, a commonly used rootstock in the heavy soils of 
NWFP, gives about 66% germination at its optimum sowing period, mid
September. Temperature is the'main factor affecting germination, but matu
rity of seed, species, soil conditions, and method of sowing also affect it. 

The seeds are sown on well-manured and well prepared raised seedbeds 
located in a warm place on good, well-drained soil. The seedlings should be 

. protected from frost if sown in September and from heat if sown in Febru
ary-March, with suitable shelters. These seedlings are ready for transplanting 
in 6-12 months. Transplanting of dtrus seedlings should be done in Septem
ber-October or in February-March. Planting is done in rows at alternate 
distances of 25 and 60 cm apart and 25 cm from plant to plant. At trans
planting, only uniformly sized seedlings are transplanted while all the small, 
weak, diseased, and bench-rooted seedlings are eliminated. During trans
planting the seedlings are kept in the shade in a cool place. 

Asexual propagation. One year after transplanting, the rootstock 
seedlings are ready for budding. Budding is a method of asexual propagation 
in which only one bud is removed from the scion variety and is inserted by 
a special technique in the stock seedling. T -budding is the usual method of 
citrus asexual propagation. Buddin J may be done any time during spring 
(Feb--March) a!ld autumn (Aug-Oct) when the bark slips freely or when 
both the stock and scion plants show active growth. The bud should be 
selected from a healthy and productive tree. Use only mature wood with 
white streaks on it and never get buds from a water sprout or from 
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immature ,mu angular wood. The buds will unite and show signs of growth 
after 3-4 weeks. When the bud has grown to 25-30 cm, the rootstock is cut 
hack close above the bud union. All sprouts of the stock must be removed 
from time to time. 

Cutting and layering. Planting of semi-hard and hard-wood stem cut
tings is the commercial propagation method most used for sweet lime, while 
layering is commonly practiced in kaghzi lime. Both of these cultivars are 
also propagated through seeds. 

Cuttings of 25-30 cm length are made in Jan-Feb and Sept-Oct with 
a round cut at the lower end and a slanting cut at the upper end. The upper 
end cut is made about 4 cm above the last bud. Before planting, the cuttings 
are callused for better results. Direct planting also gives above 60% SUCCtSS 

if the cuttings are properly cared for afterwards. Treatments of round ends 
with Se radix A or indole butyric acid further enhances root initiation and 
increases the success ratio. 

Grafting. Grafting of citrus can be successfully done even when it is 
late in the season for budding. Veneer grafting and T -grafting are commonly 
used for asexual propagation of grapefruit and kaghzi lime which have 
thorns in the leafaxils and cannot be easily budded. In grafting, unlike 
budding, 3-4 buds are kept on the scion wood, which is inserted in the bark 
of the stem of the rootstock seedling. 

13.1.4 Cultural practices 

Citrus orchards are planted during spring or autumn, the spring season 
being generally better. The orchards are usually planted in the square system 
at a planting distance of 7-8 m depending upon the variety and environ
mental conditions. 

Cultivation and interculture. During the early years of orchard trees, 
only light cultivation is required to eradicate weeds. In later years, particu
larly at the bearing age, ploughing and hoeing are required more frequently 
to provide a more suitable environment for root growth. Observation indi
cates that orchards which are ploughed five to six times from May to Sep
tember perform better than those which are intercropped and cannot be 
ploughed during this time. Keeping the orchard clean during winter also 
minimizes the danger of frost injury. 

Growing of crops like wheat and cotton between the trees is commonly 
practiced in Pakistan, but these crops ultimately spoil the trees and shorten 
their productive life. The different irrigation requirements of wheat and 
heavy insect infestation on cotton damage the trees seriously. Growing of 
some intercrops during the unproductive stage of the trees is permissible 
with qualifications. Intercrops must not be very tal1 or exhaustive, and 
should not carry common diseases or insects. Early income is no doubt 
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increased by intercropping, but sometimes irreparable losses are int1icted on 
the orchards. 

Intercropping may prove helpful in adding humus to the soil where hot 
temperatures generally deplete it of organic matter. But this practice can be 
repeated only once in 3-5 years. For this purpose, leguminous crops are 
better. In Pakistan, berseem fodder is a common winter intercrop. According 
to recent observations, this practice has proved devastating and is a major 
cause of the decline of many orchards. The fodder needs frequent irrigation 
during winter, while citrus fruits are very sensitive to excessive irrigation. For 
citrus fruit, it is always wise to manage clean cultivation except for casual 
intercropplng of leguminous crops for green manuring. 

Irrigation. Citrus trees are evergreen and need appropriate irrigation 
all year round. Successful citrus culture thus requires a permanent source of 
water. However, over-irrigation is generally more harmful for citrus fruits 
than under-irrigation, and this principle should guide the irrigation schedule 
for citrus orchards. The frequency and amount of irrigation depend upon 
climatic conditions, soil type, kind and age of trees, number of trees per hec
tare, and rootstock used. Citrus orchards should be given restricted watering 
during winter, with one heavy irrigation about two weeks before blooming. 
This stimulates fruit bud differentiation and results in heavy bloom. During 
blooming, irrigation is generally not recommended, but the author has 
observed that in sweet lime, an irrigation during the peak bloom produces 
good results. After fruit set, it is critical to provide regular irrigation. Failure 
to provide fortnightly irrigation during April-July will enhance fruit drop, 
restrict fruit development, and result in low yield and small fruit. During 
winter, monthly irrigation is enough to maintain the health of the trees. 

Irrigation may be supplied through the basin system or modified-basin 
system. The basin and modified-basin systems restrict the supply of water 
to the spread of the trees by constructing basins. This is good for younger 
orchards, but trees SlYer 10 years old attain a size where flood irrigation 
performs better. In the basin system, a straight channel connects the basin 
of each tree in that line, while in the modified-basin system a water channel 
is constructed in the middle of each alternate row and from there it is 
connected with the basin of each tree. Both of the systems use less water 
than flood irrigation. The modified system further helps to avoid the spread 
of disease carried by water from one plant to other. Also, if fertilizer is 
applied, each tree will have its own share within the bounds of its basin. If 
water is abundant, flood irrigation can be practiced. For flood irrigation, 
levelling of the fields is very important. Several other irrigation systems are 
also practiced in various countries; among the most important are drip 
irrigation, furrow irrigation, alternate irrigation, and sprinkler irrigation. 

Irrigation must be given to citrus trees before evident wilting. The need 
for irrigation is determined by various methods: 
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1. BY ESTIMATION OF FRUIT GROwm RATE: 5-10 fruit are tagged on a 
branch and their circumferences measured daily between 7 and 9 A.M. Soon 
after irrigation they gain size rapidly, then slow down, and finally stop. As 
soon as the rate of size increase slows down, the trees should immediately 
be irrigated. 

2. BY OBSERVING SYMPTOMS OF WILTING: When young leaves start curling 
and growth of young shoots almost ceases the orchard should be irrigated, 
although it is a little late. 

3. WITH A TENSIOMETER: A tensiometer is an instrument which measures 
the amount of water in the soil. It consists of a long porcelain tube with a 
gauge fixed on the top. Tensiometers are put under the tree within the drip 
line. The tube is filled with water, and as the soil is depleted of water, the 
water in the tube moves out into the soil and a vacuum is created in the 
tube. This suction influences the gauge and the needle moves upward from 
0, the saturation point. 1\t the 40 mark, the trees should be irrigated. When 
fruit are in their early stage (first 8 weeks), the trees are irrigated at the 
25-30 mark. 

Fertilizer. Commercial citrus orchards are seldom profitable without 
annual fertilization. Like other plants, citrus needs 16 essential elements for 
satisfactory growth. Hydrogen, oxygen, and carbon are available from water 
and air, while the other 13 are mainly absorbed by the roots from the soil. 
Among the major elements absorbed from the soil are nitrogen, phosphorus, 
potassium, magnesium, and calcium. N, P, and K are repeatedly applied in 
the form of fertilizer, while the rest are taken up from the soil resources. In 
some soils, although sufficient quantities of elements are present they are 
not available because of the soil reaction state. If such soil conditions cannot 
be corrected, foliar sprays of these elements are used. Foliar spray, particu
larly of trace elements like zinc, manganese, iron, copper, and' boron is 
frequently applied to orchard trees grown in alkaline soil conditions to 
overcome the effects of malnutrition. Much research has been done to deter
mine the elements and quantities needed, the proper time and method of 
application, and their effects on growth and yield (see Chapter 8). 

For fertilizer requirements, no general rule can be recommended, as it 
depends on soil type, climate, cultivar, and rootstock effect. That is why 
experiments are conducted locally in order to formulate recommendations. 
At present no appropriate recommendations are available here in Pakistan. 
They are available for California (Embleton et al. 1978). Brazil (Rodriguez 
and Gallo 1984), Spain (Puiggros et al. 1969), Sierra Leone (Diest 1980), 
and Florida (de Gues 1973). These all differ from each other and none of 
them would be entirely reliable under our conditions. In some recent experi
ments it was observed that although the experimental trees were within the 



446 Muhammad Ibrahim Chaudhary 

nutritional standards recommended for California orchards, fertilizer appli
cation increased vegetative growth and improved yield (Akhtar 1991). 

Early experiments conducted on sweet oranges and grapefruit in the 
Punjab had fOl;lnd that continuous use of chemical nitrogenous fertilizers like 
ammonium sulphate and sodium nitrate enhanced yield over control but also 
induced mottling. This situation was remedied by the addition of FYM 
(Anon. 1936; Singh et al. 1945; Ali 1962). A common finding of all these 
experiments is that the use of FYM as a part of the fertilizer programme for 
citrus is immensely important. Besides increasing yield, it noticeably im
proves fruit quality. The results of experiments on three-year-old Valencia 
late orange budded on sour orange stock at Peshawar (Said and Inayatullah 
1962) indicated a good response to nitrogen and FYM, while application of 
phosphorus and potash alone did not affect the yield of 'sweet oranges. 

Fertilization recommendations. For citrus orchards in Pakistan, nitro
gen is required in fairly large amounts (1-1.5 kg per tree); also, in most of 
our orchards, response to phosphorus and potassium is obtained only in 
combination with N application. Of the various types of fertilizers, FYM is 
considered best for orchards. If FYM is available, chemical fertilizers should 
be used as a supplement; it is recommended that half the nutrient require
ments be supplied by FYM and half by chemical fertilizers. In general, it is 
recommended that FYM always be used in orchard management. If it is not 
available in sufficient quantity, green manuring may be substituted. Organic 
matter keeps the soil soft and aerated and enhances the absorption effi
ciency of the relatively few root hairs of citrus. The development of mycor
rhiza further improves the conditions for growth of citrus trees, as the 
fungus helps to increase the absorption of water and minerals by the roots. 

Of NPK, the most frequently applied fertilizer is N. It is absorbed 
mostly in nitrate form. Since nitrate is negatively charged, it cannot stay long 
on the soil particles and excess nitrate is rapidly leached. Phosphorus and 
potassium move more slowly and stay in the rhizosphere for a longer time. 
Therefore, for orchard trees it is recommended that the total dose of N be 
applied in two equal parts or three if the trees are weak, while P and K be 
applied only once a year. 

In applying fertilizer to citrus fruits, well-rotted FYM should be applied 
during November and December so that it decomposes by the onset of 
active growth and bloom in the spring. The first dose of nitrogenous and 
other fertilizers is given in February, and the other half in April when fruit 
setting is completed. August-September applications produce excellent 
results, enhancing blooming, fruit set, and yield. If the trees are weak, a 
third dose can be applied 10 days befqre blooming in February. This sched
ule has helped trees to keep their foliage, which usually drops excessively 
during winter, healthy year-round. Excessive loss of foliage during the winter 
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reduces yield, whereas if foliage remains intact as a result of faH fertilization, 
yields are increased. 

Pruning. Pruning, the judicious removal of any vegetative part, is an 
important cultural operation for fruiting trees. Pruning prolongs the bearing 
age of the tree. An unpruned tree becomes very large, inhibiting light pene
tration. As a result, leaf sprout is decreased and photosynthetic activity re
mains low. Fruiting area is restricted to the periphery of the trees; and the 
inside of the tree remains unproductive and behave.; as parasitic wood, con
suming tree resources without producing anything. 

Pruning is done· both to develop a strong tree skeleton and to increase 
production of marketable fruit. Pruning in citrus is quite controversial. Some 
recommend heavy annual or biennial pruning, while others are in favor of 
light to moderate pruning, removing only diseased and dead wood, water 
sprouts, and other undesirable growth. This wide difference of opinion is 
mainly due to lack of sufficient experimental evidence under different 
growing conditions of citrus fruit in subtropical to tropical regions. In Paki
stan, lack of sufficient and proper pruning results in shorter trel' life. In 
contrast, in California, where regular pruning is practiced, citrus trees re
main productive even at ages of 75-100 years. 

Pruning of young trees is called training. Its main objective is to provide 
a strong skeleton for the tree. For a young citrus tree to have a good frame
work, no branch should be allowed on the main stem within 60-75 cm of the 
ground. For the formation of a good framework, two to four evenly spaced 
main limbs should be selected to provide balance, symmetry, and maximum 
strength. 

At the onset of bearing the objectives of pruning change, and more 
importance is placed on producing maximum fruit of good quality by main
taining a balance between fruiting and vegetative wood. In some countries, 
mechanical pruning is done to keep the trees within bounds, and any branch 
extending beyond that limit is pruned both from the sides and top. In 
Pakistan, however, no systematic pruning is foHowed except for removal of 
dead, diseased, and. unwanted twigs like water sprouts, or branches which 
cross each other and spoil the skeleton of the tree. It is recommended that 
light pruning be done to allow sunlight to penetrate the tree and keep its 
inside branches productive. 

Pruning of lemon is essential to overcome its habit of apical dominance 
and to induce fruiting. New shoots that grow from old pruned wood tend 
not to bloom until their second year. Different varieties, however, can 
behave differently and succulent shoots may bloom in the following spring. 
With lemon also, pruning has a depressing effect on yield during the year 
the tree is pruned, but in subsequent years, the yield improves. 

Citrus trees are pruned during late winter or early spring when there is 
no fruit on the trees. With some early cvs., pruning during September-
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October can also be done provided winter is not so severe as to kill the new 
shoots. With late varieties like Valencia Late and Kinnow, pruning is done 
after harvesting the crop in March-April. There will be some loss of the new 
crop which was already set, but this is compensated for by better quality of 
the remaining fruit that year, and heavy yield the following year. In Pakistan, 
there is at present not enough experimental evidence to recommend a 
specific pruning regime. 

13.1.5 Physiological problems 

Unfruitfulness. Sometimes citrus cultivars do not produce a commercial 
crop for years. This situation may be attributed to genetic or physiological 
causes like incompatibility, heterostyly, and ovule abortion. Physiological 
causes involve hormonal or nutritional imbalances which result in general 
weakness or excessive vegetative growth, preventing the trees from bloomihg 
and bearing fruit. General weakness may be remedied by an appropriate 
fertilizer programme, while excessive vegetative growth may be controlled 
by exposure of the trees to drought stress or by withholding nutrition. This 
may also be achieved by root pruning or ringing of the main branches or 
even the main stem. Climatic factors also affect tree physiology, and certain 
varieties refuse to produce in particular environments. For example, Wash
ington Navel does not produce fruit in Faisalabad. Genetic and evolutionary 
causes of unfruitfulness can be evaluated by studying problem trees and then 
making decisions about planting pollinizer trees or changing the variety. 

Alternate bearing. Alternate bearing in fruit trees is the habit of bear
ing heavily in one year called the on-year and very little or not at all in the 
second year called the otT-year. This characteristic is manifested by several 
citrus cultivars like the mandarins Kinnow and Wilking, the sweet oranges 
Valencia Late and Washington Navel, and Marsh seedless grapefruit. So far 
there is no specific technique to overcome alternate bearing in citrus. How
ever, many experts agree that it is due to nutritional imbalance in the affect
ed trees. Therefore, strategies to overcome alternate bearing aim at improv
ing the tree's nutritional status, both organic and inorganic. In other words, 
improving the C:N ratio seems to be the answer. Some measures suggested 
to overcome alternate bearing are: heavy manuring during the off-year, 
thinning of fruit during the on-year, delayed harvest during the off-year, and 
early harvesting during the on-year. 

Fruit drop. Another serious problem in citrus orchards is fruit drop, 
which is sometimes so severe -that nothing is left on the trees. Drop starts 
from blooming and continues until harvesting. Drop at different stages is 
categorized as flower drop, June drop, and pre-harvest drop. 

1. FLOWER DROP. Citrus cultivars bloom heavily. An average tree of Pine
apple sweet orange in Faisalabad bears around 50,000 flowers. It is evident 
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that not all of them can mature to fruit. Commonly 95% will drop and the 
rest will set fruit, but with weak trees deficient in various nutrients, particu
larly N, sometimes over 99% of the flowers drop. This is either due to 
mutual competition of flowers or to defective development of their sexual 
parts and the resulting inability to set fruit. Such drop is relatively less in 
healthy and leafy trees. Weather conditions like hot and dry climate during 
blooming or heavy rains accompanied by wind storms also play a major role 
in excessively heavy flower drop. 

2. JUNE DROP OR YOUNG FRUIT DROP. Drop of young fruit occurs in May
June. This is another natural load-shedding by the trees. This drop consists 
of poorly developing fruits or those which cannot survive dry conditions and 
high temperatures. Under these unfavorable conditions embryo abortion 
occurs, which stops seed development and synthesis of hormones and ulti
mately causes fruit drop. Young fruit drop is quite significant; 96% of the 
set fruit in Pineapple sweet orange, and 75% in Kinnow mandarin drops. 

3. PRE-HARVEST DROP. This drop of fruit is during the mature stage and is 
of great concern to growers. It is a loss of full-grown fruit, and therefore a 
lot of research has been conducted to overcome this problem. The drop 
occurs when a premature abscission layer develops, which is presumed to be 
due to the failure of auxin synthesis within the tree. Pre-harvest drop in 
citrus is being controlled effectively by spraying growth hOimones like gib
berellic acid, 2,4-D (dichlorophenoxyacetic acid), 2,4,5-T (trichlorophen
oxyacetic acid), and NAA (napthalene acetic acid). 

Granulation. This condition is characterized by enlarged, hardened, 
and apparently dry juice vesicles. It may affect all or part of a fruit, usually 
towards the stem end. One-third, one-half, and in extreme cases a whole 
fruit may be granulated, e.g. in certain pummelo CVS. Such fruit do not show 
any external signs, but excessively affected fruit are heavier. Cell walls of 
granulated vesicles are thickened, sugar content decreases, and mineral 
content is higher than normal, but water content remains at normal levels. 

The cause of granulation, also called riciness, is not well understood. 
However, large fruit have more granulation than smaller ones, and granula
tion increases if harvesting is delayed. Frequent irrigation or water standing 
in the root zone for a long time may also increase the incidence of granula
tion. To overcome the problem, spot picking (picking of large fruit earlier), 
reduced irrigation, and spraying of 2,4-D are suggested. Some of the culti
vars most affected are Mosambi, Valencia Late, Washington Navel, pum
melo, and FeutrelI's Early. 
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13.1.6 Diseases and insects 

Both the foliage and fruit of citrus are quite vulnerable to a number of 
diseases and insects. Diseases and insects are discussed in detail in Chapter 
11 and only the most serious problems of citrus are mentioned briefly here. 

Citrus canker (Xanthomonas compestris P. cv. Citrl). This is the only 
bacterial disease of citrus. The disease appears on leaves, branches, and 
fruit. Bacteria travel through the air or insects and attack the emerging 
young leaves. Small yellowish spots develop first on the lower and then on 
the upper surface of the leaves. These get bigger and become more numer
ous, then turn hard and brown, and become raised from the surface of the 
tissue. The diseased areas die and sometimes drop out, leaving holes in the 
leaves. Similar disease spots appear on twigs and fruit. Fruit drop is com
mon. Kaghzi lime is the most susceptible cultivar, and the disease renders 
the fruit unfit for marketing. Other ~usceptible cultivars are grapefruit and 
lemons. Sweet lime and sweet oranges are less susceptible. 

To minimize the incidence of citrus canker, select healthy nursery 
plants, prune away the severely 2rttacked parts of the plants, and spray 
Bordeaux mixture during spring. 

Citrus withertip. This disease is caused by Colletotrichum gloeosporio
ides. The pathogen attacks all the aerial parts of the plant-branches, 
leaves, and fruit. Withering of branches from tip towards base is the most 
characteristic symptom. Diseased twigs turn silvery gray and become distinct 
from the healthy green portion. Leaf fall is common and in severe attacks 
the trees are killed. The pathogen attacks only weak plants. It can be con
trolled by improving growth conliitions in the orchards, or by spraying with 
copper-based fungicides. 

Citrus psylla. This is a very destructive insect frequently fou~d in citrus 
orchards. The adult is brown with antennae black at the apex. It is a sucking 
insect and attacks the trees during and after blooming. The fresh growth 
important for fruiting is i~, main target. Infestation is controlled by a pre
bloom prophylactic spray of insecticides during January-February. 

Citrus leaf miner. This is a small silvery-white insect with black eyes 
and wings fringed with hairs. The larvae make silvery-white galleries on the 
young leaves and tender shoots. Infested leaves curl up and finally wither 
and dry up. Young nursery plants suffer th~.most, althougll full-grown trees 
are not immune. Spraying with insecticides during leaf emergence and 
pruning and burning of affected twigs in December are effective in control
ling the leaf miner. Citrus hedges should be avoided in orchards. 
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13.2 Mango 

13.2.1 Botany 

Mango (Mangifera indica L.) belongs to the family Anacardiaceae. The genus 
Mangifera consists of 40 species, of which only a few produce edible fruit. 
These are M. odorata Griff; M. foetida Lour, M. sylvatica Roxb., M. /agenifera 
Griff, M. Langar Miq, and M. simiLis. The fruit of the species other than 
indica is inferior. All species are found in the tropical regions of southern 
Asia. 

The cultivated mango grows to an impressive-sized tree. Under favor
able' conditions it may attain a height of 25 meters. The trees are ~ostly 
evergreen and erect; only a few cultivars have prostrate growing trees. The 
tree is very long-lived, and some original trees in Lakh Bagh (Durbanga, 
India) planted by Akbar the Moghal Emperor are still growing after 300 
years. The trees do not grow continuously but have a unique habit of pro
ducing periodic flushes of various colored leaves when young. The colors of 
young leaves are specific (reddish, wine-colored, or pale) and may be used 
as a dependable character for variety identification. In mango-growing 
regions of Pakistan, flushes appear from February-October. 

On a bearing tree, shoots of the first flush are apt to be from terminal 
buds on non-flowering shoots from the preceding year. The second flush is 
from lateral buds on shoots with a terminal inflorescence that is setting little 
or no fruit. A third flush may grow from lateral buds on shoots that have 
ripened a crop, and a fourth from lateral buds on shoots greatly weakened 
by a crop in the current or preceding year (Chandler 1958). 

Leaves of mango are arranged spirally on a shoot and a general phylo
taxy 3/8 is observed. The leaves tend to stay on a growth flush for little more 
than a year, they fall usually in waves during winter or the dry season. 

Flowers. Flower buds differentiate in September and October. Bloom
ing starts by the end of February and continues until mid-April. Some early 
varieties like Early Gold bloom continuously from December through mid
March. The flowers are borne terminally on panicles 30-50 cm long which 
carry usually 500-1500 flowers; in some cases they have up to 7000 flowers. 
The flowers are small, yellowish or pinkish in color, and predominantly male 
(67-90%) or hermaphrodite (10-30%) (personal observation on Dusehri, 
Samar Bahisht, Langra, and Seedling 1990). Staminate flowers contain only 
stamens. In mango there is only one fertile stamen, plus 5-6 abortive sta
mens called staminodes. The fertile stamen is longer, with a dark-red anther 
flIled with pollen. The perfect flowers have a small ovary, resting on a disc. 
The style is lateral and curved upward; the stigma is simple, small, and 
terminal. There are 4-5 sepals and 5 petals, which spread free from the disc 
and are twice as long as the sepals. 
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The inflorescence is borne terminally on flushes. The frequency of 
inflorescence depends upon the age of the flushes. The following data is 
from Khan and Singh (1946): 

April flush 
May flush 
June flush 
July flush 
August flush 

37% bear inflorescence 
29% 
20% 
12% 
7% 

Fruit. The mango fruit is a large drupe. The skin is the epicarp, the 
pulp or flesh is the mesocarp, and the stone is the endocarp. The seed is 
inside the hard endocarp. 

The size of different varieties of mangoes is extremely variable. Some 
are as small as plums, while others weigh as much as 2 kg. The skin is 
smooth and thick, and commonly ye.llow or greenish when mature. Some 
varieties have a crimson red blush on a yellow skin. Mango fruit, unlike 
citrus, develops rapidly after fruit set and is ready for harvesting within 
13-20 weeks, depending upon variety and climate. When a fruit matures and 
starts ripening, it abscises from the tree and drQPs. For marketing, the fruit 
should be picked just prior to this stage. 

Distribution and importance. Mangoes are an important tree fruit of 
the tropical and subtropical regions of the world. Mangoes are grown on a 
large area in Pakistan, India, Java, the Philippines, the West Indies, and in 
Hawaii and Florida in the USA. Pakistan produces excellent mangoes on an 
area of 82,700 ha, with a total production of 766,000 metric tons annually. 
Mangoes stand second in area and production, after citrus fruits. They are 
mainly grown in Punjab and Sindh (more in Punjab), while only a small area 
in Balochistan in Qalat Division and a still smaller area in NWFP in Pesha
war and D.I. Khan Districts is under mango orchards (Table 13.1). 

Mangoes are well established as an item of international trade. Because 
of their superb quality, Pakistani mangoes sell at good prices in Europe, 
Canada, the Gulf, and Far Eastern countries. Pakistan exported fresh man
goes worth Rs. 69 million during 1989 (Asian Development Bank 1990). 

13.2.2 Soli and climate 

Mangoes can be grown on a wide range of soil types, but deep, well-drained 
sandy loam soils give the best results. The subsoil should be free of hardpan, 
sticky clay, and waterlogged conditions. Mangoes are grown on soils with pH 
ranging from S.5-8.7. 

The mango ·is a fruit of the tropical regions. Excessive rains, however, 
may tend to produce continuous growth flushes, while for induction of fruit 
a drought period or low temperature stress, as are found in subtropical 
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regions, is important. This is probably why the per-hectare yield in Punjab 
is better than in Sindh. Freedom from rains, cloudiness, and frost during 
flowering is particularly important. During ripening, dry hot conditions are 
helpful in improving the quality of mangoes. Heavy frost during winter may 
kill even big trees. 

13.2.3 Propagatior and cultural practices 

Mango is propagated both sexually and asexually. Sexually propagated 
mangoes are called seedling or desi mangoes. Sexual propagation is now 
restricted to raising rootstocks, which are not true to type. In some tropical 
countries mango seeds are polyembryonic and produce several true-to-type 
seedlings of which only one is zygotic. At early stages of growth it is not 
possible to identify which one is the zygotic seedling. 

To raise rootstock, fresh mango stones are sown during July-August in 
lines either directly in beds in the ground, or in a heavily manured brick-· 
lined bed from where the seedlings are shifted to beds in August-September 
when their new leaves turn green. These seedlings remain there for a year. 
When they attain a suitable thickness and height they are propagated asexu
ally by side or veneer grafting either in ,the beds or shifted to suitable sized 
earthen pots and grafted by inarching (approach grafting). 

Layout. Mangoes are usually planted in the square system with flllers 
in the centre of the squares. Planting distance depends upon soil, variety, 
climate, and system of orchard management. Under good management the 
planting distance for Dusehri and Anwar Ratol should be 11 m, while for 
Sindhri, Langra, and Samar Bahisht the recom,mended planting distance is 
15 x 15 m. Transplanting is done in well prepared soil and pre-dug pits 
during March and September every year. 

Irrigation. In arid and semi-arid regions, irrigation is essential for a 
good harvest. In mango-growing tracts in Pakistan, fortnightly irrigation 
after fruit set until the monsoon rains tends to prevent fruit drop. Such a 
schedule also helps to improve the size and quality of fruit. A heavy irriga
tion just before blooming promotes vigorous bloom. Withholding irrigation 
during fruit-bud differentiation is helpful. 

Manuring. Addition of the correct amount of fertilizer at the right time 
is essential for commercial production. A liberal addition of FYM results in 
excellent performance in mango orchards. In the Punjab, trees eight years 
old or more are provided with 100 kg of dry well-rotted FYM or 1.5 kg of 
Nand 500 g of K per tree. In the Multan region, fertilizer is applied half 
after fruit harvest and the other half in February. When FYM is used, it is 
all added in August-September. In Faisalabad Division, due to early onset 
of winter, the preferred times for fertilization are in February and April. In 
Sindh, Jagirdar and Maniyar (1967) recommended 100 kg of FYM to a 
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bearing tree, or 2 kg of N per tree in three doses: 500 g in January, 500 g 
in March, and 1000 g per tret. in August after harvesting. For young trees, 
both in Punjab and Sindh, only FYM is recommended, at the rate of 5-10 
kg per plant. 

Pruning. Mango has no specific pruning schedule, except when trees 
are young to give them a good shape. With mature trees, some people prune 
away some branches during the on-year to avoid blooming, and to get new 
shoots which can bloom in the coming year. In Laos, deblossoming is prac
ticed to reduce the number of fruit and to ensure a better crop in the suc
ceeding year. 

13.2.4 Special problems 

Malformation. Malformation is a serious threat to mango culture in Paki
stan. It affects both the vegetative parts and the inflorescence. Malformed 
branches show stunted growth, with small and bunchy leaves; this disorder 
is thus called 'bunchy top'. Malformed inflorescences grow unabated beyond 
the blooming season and sometimes continue growing even until November. 
Most of the flowers on malformed inflorescences are male and fruit is hardly 
ever obtained from them. This problem is present in almost every orchard 
in the country, 'Yith variable intensity. The cause is not yet known, but 
viruses, fungi, mites, and deficiency of elements have all been considered as 
possible causes. bood management reduces the problem to some extent. 

Alternate bearing. Most of the commercial varieties of mango tend to 
produce crops in an alternate or biennial pattern. The factors affecting it are 
environmental, physiological, and genetic. Environmental factors like frost, 
heavy rains, hail, diseases, and insects at blooming cause heavy damage, 
which results in a light crop on the tree that year. Thus food accumulates in 
the tree, which may induce a bumper crop the next year. This heavy crop 
exhausts the tree, and it not able to recoup by the following year. As a 
result, it again produces a light crop and a rhythm may be established in 
otherwise regularly bearing trees. Alternate bearing may be physiological, 
due to an imbalance in the carbohydrate-nitrogen ratio, deficiency of certain 

. minerals, more shoot growth in one year and less in the next, old age of the 
tree, and low intensity of blooming. It is also presumed to be a genetic 
disorder because some varieties like Totapari, Romani, Fazli, Neelum, and 
Kelepad bear regularly, while all commercial varieties of Pakistan have the 
biennial bearing habit. 

There is no established control measure, but improved cultural practices 
including deblossoming, ringing and girdling, and control of pests and diseas
es are helpful in lessening the problem. 
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13.2.5 Insects and diseases 

There arc many insects and diseases which attack the fruit, inflorescence, 
twigs, and roots of mango. The most serious are discussed here. 

Mango hopper. Also called am ka tela, this is a jumping insect which 
creates a noise on the leaves when the population is great. It is a very 
serious threat to mango; the damage is so great that if the problem is not 
noticed in time the whole orchard may be barren. The insects suck the sap 
from the leaves and panicles as its attack coincides with the time of bloom
ing. It is a more serious threat with thick plantation. Thinning of the planta
tion for good light also reduces the insect population. To save the fruit, 
spraying insecticides even during the first 15 days of blooming is useful. Pre
blossoming spray from mid-December to late January is done for complete 
control of the insect. 

Mango mealybug. This is another serious pest which causes heavy 
losses to the tree and the crop. The nymphs of the female insects suck sap 
from the panicles and leaves. They crawl up the tree during February and 
feed there until May; then as the temperature rises they climb down and 
find shelter in cracks in the soil and die there. The female is filled with eggs 
which hatch next year and again cause damage. Control of the mealybug is 
possible only through a series of systematic efforts like destruction of eggs 
during November-December, by putting slippery and sticky bands on the 
main stem to stop their crawling on the tree, and dusting and spraying of 
insecticides during various stages of insect activity. 

Anthracnose. This is a very common and widespread fungal disease of 
mangoes, most common on Samar Bahisht. It causes a lot of damage to the 
twigs, leaves, panicles, and fruit. Severity increases with excessive rains and 

-lnimidity, with shedding of leaves and flowers, and young fruit drop. Fruit 
cannot be shipped, as it rots soon after picking. The disease can be con
trolled by timely spraying of copper-based fungicides. 

Powdery mildew. This disease has emerged as a serious threat to man
goes during recent years. It spreads rapidly during warm, humid weather, 
and prevalence of such weather during blooming causes heavy crop loss. It 
attacks the inflorescence, which looks purplish with a sprinkling of white 
fungus. The panicles dry out, and the flowers drop completely without 
setting any crop. The disease can be controlled by a spray of Bordeaux 
mixture before or during blooming. 
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13.3 Guava 

Guava is indigenous to tropical America, Peru, Mexico, and Cuba, where it 
grows wild as bushes. Now it is grown all over the world for its high dietary 
value and good taste. It is a very rich source of vitamin C. 

In Pakistan, it is grown on 46,200 hectares with a total annual produc
tion of 347,300 tonnes. Thus it has attained the status of fourth most impor
tant fruit of the country and third most important of Punjab. It is grown on 
a large scale in Sheikhupura, Gujranwala, and Lahore Districts, and on a 
smaller scale throughout the plains of Punjab. In Sindh, excellent pear
shaped guavas with a smaller seed core are grown in Larkana, Dadu, Shikar
pur, and Hyderabad Districts. In NWFP, Mardan and Hazara Districts are 
famous for excellent guavas. 

13.3.1 Botany 

Guava (Psidium guajava) grown in Pakistan and India belongs to the family 
Myrtaceae. Some other edible species of this genus are grown in various 
parts of the world, like P. cattleianum (Strawberry guava), P. araca (Feijoa), 
and P. guineense (Brazilian guava). 

The guava tree is naturally spreading and bushy. Tree height is generally 
4-5 m, but well-trained older trees may reach a height of 9 m. Bark of the 
trunk tends to be bright, smooth, and scaly. The leaves are light-green, 7-15 
cm long, oblong, and finely pubescent below. The young twigs have opposite 
leaves, are 4-angled, and bear flowers and fruit. Flower buds are mixed. The 
flowers are complete, and are borne singly or in groups of 2-3 in the axils 
of the leaves. A tuft of stamens is characteristic of the genus. The fruit is a 
berry with a large seedy core; it may be round or pyriform, red, yellow, or 
white-fleshed. Skin may be smooth, or ridgy and waxy. The fruit has a 
dominant musky flavor with mild acidity. Guava gives two crops a year. 

13.3.2 Soli and climate 

Guavas can be grown on a wide variety of soils, from heavy clay to light 
sandy soil, and with a range of pH 4.5 (acidic) to 8.5 (alkaline). It is tolerant 
to wet and saline conditions. On good soil and with proper care the trees 
are highly productive. 

Guavas are grown in tropical and subtropical regions of the world. They 
produce a high yield of good quality fruit in climates where there is a dis
tinct winter. Guava is cold-sensitive and cannot resist long periods of frost. 
A mean summer temperature of 2Q°C is a minimum requirement for com
mercial guava production; temperature lower than this may lead to loss of 
crop. The optimum temperature lies from 23-28°C. Guava does not tolerate 
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the high temperatures of the desert regions. A mild tropical climate induces 
fruiting throughout the year, while under subtropical conditions two distinct 
crops are obtained. Rains and high humidity during ripening cause damage 
to the skin of the fruit. 

13.3.3 Propagation and planting 

Guavas are generally propagated by seeds. Selected fruits are soaked in 
water for several days until the seeds separate and settle to the bottom. The 
seeds. thus obtained germinate better by having the testa somewhat soft. 
These seeds are planted in beds. 

Some good varieties may be propagated vegetatively through various 
budding and grafting techniques. Soft-wood stem cuttings are also success
fully used for asexual propagation. For budding and grafting, seedlings are 
raised as rootstock and side-grafted or budded during March or August. In 
the region of Hyderabad, Sindh, layering is very successful. 

Plants grown in the nursery are later shifted to orchards and planted in 
the square system. Guava trees are also raised as fillers in mango orchards. 
If managed well, the trees start bearing two years after planting. 

13.3.4 Cultural practices 

Guava in a commercial orchard requires careful irrigation. When the trees 
are young, irrigation frequency is high. Bearing guavas are irrigated heavily 
during fruiting to induce good development. Withholding irrigation during 
spring reduces bloom, and prolonging the drought conditions until summer 
will inhibit fruiting, either totally or so that only a few small early-ripening 
fruit are obtained. Thus some growers resume irrigating their orchards 
during late summer to induce growth and bloom and produce a heavy winter 
crop which is normally free of fruit fly attack. 

Farmyard manure or chemical fertilizers are also used to increase yield 
and quality. About 40 kg of well-rotted FYM in winter or 500 g N in two 
doses with 4 kg of single superphosphate and 1 kg of potassium sulphate per 
tree during July-August for the winter crop produce excellent results. Spray 
of urea has also produced good results. 

Guava trees are pruned frequently, but only to remove the suckers 
which sprout all the year round, 'particularly during spring and monsoon. 
Undesired limbs or dry wood are also removed. These days, in the gua'va
growing regions of Punjab summer fruit is also commonly removed in order 
to get a good winter crop. 
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13.3.5 Problems 

Fruit fly. The fruit fly is very destructive to guava, particularly the summer 
crop, and failure to control it has forced growers to stop taking a summer 
crop and concentrate on getting a good winter crop. The female insect punc
tures the fruit to lay eggs. The larvae hatch after a few days and start eating 
the flesh of the fruit, which drops and quickly rots on the ground. To control 
the fruit fly, all fallen fruit should be buried or the trees sprayed at least 
twice with insecticides during the early days of fruit set. 

Dieback. This problem has been observed recently, particularly in those 
orchards where spring and early summer irrigation is stopped to discourage 
th~ summer crop in the hope of a good winter crop. Even when irrigation 
is stopped, a few flowers appear and set fruit. To get rid of these young fruit 
the branches are beaten manually, but in this process a large number of 
leaves are also lost along with the fruit. Because of lack of available mois
ture and foliage, these trees cannot transpire sufficiently and are severely 
heat stressed. The high internal temperature affects the metabolic system of 
the trees adversely, and as a result they start dying. So far no other reason 
for this serious problem has been proposed. 

13.4 Date palm 

13.4.1 Botany 

The cultivated palm (Phoenix dactyli/era L.) belongs to the family Palmae. 
Closely related species are P. canariensis, P. syivestris, and P. humilis. These 
are all dioecious but are fruitful with each other's pollen. The date palm is 
a feather palm and has 4-6 m long pinnate leaves called fronds with a 
distinct conical mid-rib which tapers along the length of the frond. The 
trunk is vertical and columnar, having almost the same girth (100-150 cm) 
all the way up. It is covered with the bases of pruned fronds. In time these 
wither away, making that part of the trunk smoother. Being a monocot, the 
tree has adventitious roots of roughly uniform thickness along their length. 

The cultivated date palm is dioecious with independent male and female 
trees. Both male and female inflorescences are enveloped in spathes, which 
arise from the leaf axil in whorls and on maturity split longitudinally. Male 
spathes are sh.orter and wider than the female. Male spathes enclose 10,000-
15,000 flowers against 2000-3000 in female spathes. Male flowers are sweet 
scented, and densely arranged on strands of the inflorescence, with 3 sepals, 
3 distinct petals, and 6 stamens. Female flowers are bead-like structures 
individually spaced on the inflorescences. Each flower has 3 indistinct sepals 
and 3 petals. There are 3 carpels with a hook-like stigma. Only one of these 
develops into a fruit; the other two universally abort during development. 



FRUIT CROPS 459' 

The size of the fruit is extremely variable, ranging from 2-'60 g in weight, 
18-110 mm in length, and 8-32 mm in width. The fruit has a single seed 
which also varies in weight from .5-4 g, in length from 12-36 mm, and in 
breadth from 6-13 mm. The seed is ventrally grooved, a characteristic of 
genus Phoenix, and has a hard endosperm composed of cellulose. 

Distribution and history. The date palm has been cultivated since 3000 
RC. Almost all palms are indigenous to hot climates. Date palms are com
mercially grown in Asia and Africa; some important date-growing countries 
are Iraq, Iran, Pakistan, Saudi Arabia, Morocco, Algeria, Tunis, and Egypt. 
Dates are also grown in some regions of Australia, the USA, and Mexico. 

In Pakistan, dates are the third most important fruit and are grown on 
an area of 41,800 ha, with a total production of 284,000 metric tons per 
annum. Punjab has the highest acreage, followed by Sindh, Balochistan, and 
NWFP (Table 13.1). 

Varieties. There are several good cultivars grown in Pakistan; some of 
the more common and promising of them are: 

Punjab 
Sindh 
NWFP 
Balochistan 

Hillawi, Khardrawi, Zaidi 
Aseel 
Dhaki 
Berni, Begum Jangi 

13.4.2 Climate and soil 

Climate. The five most important factors of climate are temperature, rain
fall, humidity, light, and wind. These all affect growth and productivity; in 
general, date palm cultivation requires high temperature, much sunlight, low 
humidity, low rainfall, and the absence of high winds. 

Date palms tolerate quite low temperatures but cease growth activity 
, below lOoe. They are very resistant to heat and may tolerate temperatures 
up to 58°e for a short while. In date-growing regions a temperature be
tween 45-50oe generally prevails during the ripening period. Date palms 
bloom only when the temperature rises above 18°e, and fruit setting and 
development take place only if the temperature is above 25°e. The earliet 
dates are produced where the temperature first rises above 18°e; in regions 
where this temperature is attained later, fruit production is later. In general, 
a high minimum temperature is more important in determining the matura
tion timing of dates than a high maximum temperature. 

For proper ripening and quality, the interaction of temperature and 
humidity is extremely important. Hot, dry regions produce hard and dry 
rather than syrupy dates. High humidity may delay ripening and cause other 
problems like black nose. Rains during pollination and ripening are devastat
ing. In Punjab, monsoon rains are a major obstacle to date culture, as the 
time of ripening just coincides with the rainy season. 
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Soil. In principle, the date palm requires light, deep, well-drained soil. 
Rocky, calcareous, and compact soils are not fit for date culture. In deserts, 
where there is a shortage of water, a hardpan at a depth of 3-5 m will bene
fit date growing. Dates may be grown on soils affected by salinity, a problem 
of arid regions which are the home of the date palm. But highly saline soils 
are unfit for date cultivation. 

13.4.3 Propagation 

Dates are propagated both sexually and asexually. Sexual propagation is 
through seeds and does not produce true-to-type fruit. Also, as with other 
tree fruits, sexually reproduced trees take a longer time to bloom than 
asexually reproduced ones. 

Asexual propagation is done through suckers, also known as offshoots, 
or axillary buds. They generally emerge from the underground stem or 
sometimes from the aerial parts. The rooted suckers are carefully removed 
from the tree for further propagation. Suckers weighing 18-20 kg or about 
3-5 years old propagate successfully in orchards. The suckers are removed 
during February-March and August-September for planting in orchards. If 
care is observed in removing them, and during and after planting, the suc
cess rate is over 80%. Orchards are planted in the square system at a plant
ing distance of 7 m. Male trees (3%) are also planted at various locations 
in the orchard for pollination. 

Pollination. All commercial date-palm orchards are artificially pollinat
ed. Several methods, both manual and mechanical, are practiced in various 
date-growing countries. Among them are mechanical date pollinators, spray 
of pollen in nutrient solutions, and hand pollination. In Pakistan, pollination 
is usually done by hand. Flowering strands are separated from the mature, 
ready-to-open male inflorescence in groups of twos and threes. They are 
warmed in sunlight for a short time so that when shaken they will shed their 
pollen. A man carrying a bag of male sprigs climbs the tree and pollinates 
the opened female spathes by shaking the male sprigs. onto the female 
inflorescence. The operation is quite laborious and has to be repeated four 
or five times because the female spathes do not all open at the same time. 
If it rains immediately after pollination, the operation has to be repeated in 
order to ensure good fruit set. 

13.4.4 Cultural practices 

The date palm is quite a hardy tree and can be grown even under difficult 
conditions. But for commercial growing, where a high yield of good quality 
is desired, they require congenial growing conditions. Additional fertilization 
is also necessary: 1 kg of N for a full-grown tree. This is better if supplied 
through FYM, either alone or in combination with ammonium sulphate. 
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Irrigation. The water requirement of the date palm varies with climatic 

conditions, water table, type of soil, and the age of the trees. The date palm 

requires more water during fruit development than at other times of the 

year. Newly planted orchards require daily irrigation for a month at least, 

while established orchards require irrigation weekly during fruit development 

and once a month during the rest of the year. . 

Cultivation. Deep cultivation around the trees will damage their root 

system, and shoulq be avoided. On heavy clay soil, cultivation is done mainly 

to facilitate water penetration. Shallow ploughing or harrowing is helpful to 

keep weeds under control and roots prOliferating. 

Pruning. No systematic pruning is needed except removal of the 

dropped leaves. In some vigorous trees or cultivars some green fronds are 

also removed to overcome the humid micro-environment around the fruiting 

bunches. This is especially true in Deglet Noor. Also, the removal of spines. 

from the bases of fronds facilitates pollination and minimizes puncturing of 

growing fruit. Under certain conditions, some fruiting stands or parts of 

them are also pruned to improve the size of the remaining fruit. Removal 

of bunches, however, is not practiced. 

13.5 Banana 

Bananas are among the oldest fruits, and are a staple food in some tropical 

regions. The banana belongs to the genus Musa of the monocot family 

Musaceae. Two table species are M. cavendishii (dwarf banana), and M. 

sapientum (tall banana);M. paradisiaca is used for cooking. Some important 

banana-growing countries are Mexico, Jamaica, Guatemala, Brazil, Malaysia, 

Costa Rica, and India. Many varieties are grown in different countries, but 

in Pakistan some of the important ones are Basrai or Mirpuri, Sonkel, Safri, 

and Chini Champa. 
In Pakistan, experimental banana cultivation was started after Indepen

dence, and soon after its success in Sindh the banana emerged as an impor

tant fruit crop. It is now grown on 23,500 ha with a total annual production 

of 209,800 metric tons. It is mostly cultivated in Hyderabad, Khairpur, and 

Karachi Divisions of Sindh. It is also produced on comparatively small 

acreages in some parts of NWFP and Punjab (Table 13.1). 

Botany. The banana, unlike other fruit trees, has a rhizomelike under

ground stem, a perennial organ which sends out a pseudostem, a tubelike 

structure composed of circular and tightly packed non-woody leaf sheaths. 

The outermost layer consists of the oldest leaf. The inflorescence emerges 

erect from the centre of the physiologically mature pseudostem but later 

bends downward and hangs like a pendulum. The epigynous flowers covered 

in red bracts are arranged on the peduncle in spirals in sets of twos, called 
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hands. All the hands on an inflorescence are collectively called a bunch. 
Each hand consists of 12-20 fruits called fingers. The inflorescence termi
nates in a reddish ball, the heart, wlIich contains only the male or unfertil
ized t1owers. When male flowers start appearing in the terminal part of the 
inflorescence, removal of the heart results in better development of fruit. 
The fruit is a triploid seedless berry. The exocarp (skin) separates easily, and 
the mesocarp and endocarp are the edible part of the fruit. 

Climate. Banana is a typical tropical fruit, grown only in the frost-free, 
humid, and hot regions of the world. Dry weather and strong winds are 
equally destructive to it. The province of Sindh provides quite suitable 
conditions for banana growing, while the dry hot summer and frosty winter 
conditions of Punjab, NWFP, and Balochistan are generally unfavorable 
except in some localities along the rivers or lakes. 

13.5.1 Propagation 

Cultivated commercial varieties are seedless, hence vegetative propagation 
is the rule. Bananas are grown for several years on the same site; the crops 
grown after the first year of plantation are called ratooDS. The underground 
rhizome stem sends out several suckers, a few of which are used for ratoon 
crops. The others, along with the roots, are shifted for further propagation. 
One-meter tall, narrow-leaved suckers known as sword suckets are usually 
preferred for propagation, while broad-leaved or water suckers are rejected, 
as they produce late and inferior quality fruit. New plantation is done pref
erably during February-March, or also in the monsoon months. Planting 
distance ranges from 2-3 m, depending upon the species, variety, and clima
tic factors. The pseudostems bear only once (monocarpic) after 9-12 months 
of plantation and then are chopped away. 

13.5.2 Cultural practices 

Banana is a surface feeder and therefore prefers clean cultivation on fertile, 
well-drained soils. It is a fast-growing and exhaustive crop, and copious 
fertilizer and manure application is essential for good yield and quality. 
Jagirdar (196]) reported that 250 kg N, 26 kg P, and 500 kg K are removed 
by one growth cycle of banana to produce 72 tons of fruit/ha. For early 
vegetativ:. grJwth, N is important; P helps in fruit formation; and K helps 
in increasing the yield and quality of fruit. . 

Banana plantation requires abundant available moisture in the. root 
zone Lt. ~ause the plants have a large leaf area and transpiration losses. In 
p. .3tan, whera rains are insufficient in the banana-growing tracts, liberal 
irngation is supplied. Drought stress at any stage of growth is harmful. 

Banana plants are severely pruned; the bearing stem is completely 
removed after the fruit is harvested. During the cropping season, the 
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'numerous suckers which sprout from the underground rhizome are removed, 
except for one or two suckers which may be allowed to grow to get a ratoon 
crop. Unchecked su.::ker growth lowers the yield and quality of fruit. Ba
nanas are harvested before complete ripening, while still at a slightly angular 
stage; the exact stage of ripening depends upon the marketing centre. After 
harvesting, the bananas are cured to stimulate ripening. 

13.6 Loquat 

This fruit is grown in the cooler sUbtropical regions of the world. In Paki
stan, it is found in sub-mountainous districts of Punjab like Lahore, Gujran
wala, Jhelum, and Rawalpindi; and in Mardan District in NWFP. Loquats 
arrive in the market when citrus fruits are finished and mangoes are yet to 
ripen. Although filled with large seeds which constitute 2/3 of the fruit, they 
bring a good income because of the timing of their ripening and marketing. 

Bo~any. Loquat (Eriobotrya japonica) belongs to the family Rosaceae, 
to which apples and the stone fruits belong. The tree is evergreen, unlike 
most other members of this family. The leaves are long, leathery, and sym
metrical. The simple flower buds bloom into branched panicles at the end 
of new shoots during November-December .. A flower has 5 sepals, 5 petals, 
5 carpels each with 2 ovules, and 20 stamens. The pale-yellow fruit is a 
pome derived from the inferior ovary and torus. 

13.6.1 Climate and soil 

Loquat performs well in the mild climate of subtropical regions with an 
average annual rainfall of 50-100 mm. Early onset of hot summer winds 
causes sunburn and poor pevelopment, and faulty ripening of the fruit. 
Under wet conditions, the fruit remains insipid. It requires bright sunshine 
and a mild environment for proper development of size, sweetness, and 
flavor. The trees are fairly tolerant to drought and frost, but hot desiccating 
winds can easily kill them. 

The loquat is successfully grown on a wide range of soils from light 
sandy loam to heavy soil, but the ideal is a well-drained light loam. Subsoil 
containing gravel and a high percentage of calcium is unfit for loquat pro
duction. Ample water supply and effective drainage are important for com
mercial cultivation of the fruit. 

13.6.2 Propagation and cultural practices 

Loquats are commonly propagated through seeds, although the seedlings 
take a long time to bear and are not true to type. The seeds are planted 
during the fruit ripening period. Propagation may also be by cuttings, layer-
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ing, budding, and grafting. Propagation by cuttings is difficult and the suc
cess ratio is quite low, while layering is easy and satisfactory. Shield budding 
using loquat or quince seedlings as rootstocks is preferred, as it is easier and 
the success rate is higher. Asexual propagation is carried out during Feb
March and JUly-Aug. 

Since loquats are generally propagated through seeds, named varieties 
are not common; but a few such varieties are Golden Yellow, Thames Pride, 
Tanaka, and Improved Golden Yellow. 

Cultural practices. Orchards are planted in the square system during 
Feb-March and Sept-Oct at a planting distance of 5-8 m depending upon 
the rootstock. The young saplings are staked to avoid breakage by wind. 

For a good crop loquat trees require copious irrigation, but they cannot 
tolerate standing water. Trees may do well with even a little. water, except 
during the fruiting season when enough moisture is required for good fruit 
development. 

Manuring is important in commercial loquat orchards. To get a good 
crop, 50 kg of well-rotted FYM mixed with 2 kg of bonemeal and 5 kg Of 
wood ash should be added to each bearing tree every year. Green manure 
can also be ploughed in during the rainy season. Loquat trees bear heavily 
and regularly; therefore fully-bearing plantations seven years old or more 
should be manured twice a year so that the tree does not exhaust itself. 

Pruning, as with other evergreen fruits, is restricted to the removal of 
dead, diseased, or otherwise unwanted wood. Thinning of fruit may be 
practiced on heavily bearing trees to get large sized fruits. 

13.7 Ber 

Ber or jujube is a very common fruit grown in the warm subtropical regions 
of Pakistan. It is mostly grown as windbreak or border trees, and in the 
warm areas of Punjab and northern Sindh some orchards are planted. 

Botany. Jujube belongs to the genus Zizyphus of family Rhamnaceae. 
Several species of Zizyphus bear edible fruit, but only two, Z. jujuba and Z. 
mauritiana, are commercially important. Ber grown in Pakistan appears to 
be Z. mauritiana, although it is frequently misidentified as Z. jujuba. Several 
seedling and grafted varieties are available in the country, including Umran 
No. 9, Urnran No. 13, Kernal Local, and Gohr. 

Salient characteristics of the tree, foliage, flowers, and fruit of Z. mauri
tiana are: the tree is spreading and recumbent, with vine-like branches. The 
leaves are dark and densely tomentose (hairy) on the underside, and are 
shed during summer or after crop harvesting. Flowers are borne in autumn 
on fresh growth, and the fruit is a drupe ripening in winter or eally spring. 
It is generally juicy with two or three seeds in a hard endocarp. 
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Soil and climate. Jujube can be grown on any soil, even on moderately 
alkaline ones, but flourishes best on deep, well-drained soil. It is extremely 
drought-resistant and can also tolerate waterlogged conditions. It is quite 

. hardy and can tolerate both extremely hot and dry summer conditions up to 
a temperature of 45-50°C and short periods of frost; it cannot tolerate 
extended or severe frost. 

Propagation. Ber trees are raised from seeds and budded by the ring 
method in June or shield-budded in March-April and Aug-Sept: Budding 
is generally carried out in situ, since transplanting success is poor because 
of its deep tap root. Two or three seeds are planted at a site, which germi
nate in three weeks. They are shield-budded at the age of 18 months. The 
budded plants start bearing during the second or third year. 

The planting distance for ber generally ranges from 12-13 m apart in 
an orchard, but if the trees are planted as windbreak, the distance between 
trees is reduced to 8-10 m. The trees grow vigorously and the long slender 
branches quickly fill the space between the trees. These branches may also 
easily break under the weight of fruit, therefore pruning is highly desirable. 
Ber trees bear on current growth, so if they are not pruned regularly every 
2-3 years, the heavy yield produced will be of inferior quality, and frequent 
breakage of limbs will spoil the.main framework of the trees. 

Irrigation. Ber is drought-resistant, but irrigation during fruit develop
ment improves fruit yield and quality. For orchard trees, application of 3-4 
baskets of manure during the rainy season will have a good effect on tree 
health and productivi~'. Fruit flies are the most serious pest which attack the 
fruit during the early stages; therefore timely spray of an appropriate insecti
cide is very important. 

13.8 Custard apple 

The custard apple (Annona squamosa) and some other similar fruits like 
cherimoya (Annona cherimola), ramphal (Annona reticulata), and soursop 
(Annona muricata), belong to the family Annonaceae. Custard apple is also 
called sweetsop or sugar apple and locally sharifa or sitaphal. Custard apples 
are generally used fresh as table fruit, and the pulp can also be mixed with 
milk or ice cream. From the seeds an oil is extracted which is used in paint 
and also has high insecticidal value. The oil contains traces of hydrocyanic 
acid, which is also present in the leaves, bark, roots, and seeds. Custard 
apple is distributed throughout the tropics and warmer subtropics. In Paki
stan, its cultivation is restricted to Sindh. 

Botany. The custard apple is a large tree about 5 m tall with light
green, elongated pinnate leaves, relatively small green flowers, and pale
green, irregular knobby fruit. The tree is semi-deciduous and sheds some 
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old leaves during winter. The tree blooms twice a year. TIle fruit of the 
March bloom is available in July, and from the July bloom in December. 

Soil and climate. The custard apple is quite tolerant to various soil 
conditions. Its roots are shallow and it does not require deep soil, but the 
drainage must be good. It prefers sandy soils, but is also grown on heavy 
soils as well as on almost pure sands. Custard apple is not very particular 
about climate, except that during flowering it prefers dry, hot conditions, 
which promote fruit set and yield. 

Propagation. The custard apple is mostly propagated through seeds 
which are planted in situ because the seedlings do not stand transplanting 
well. In some countries, T -budding is successfully done using cherimoya or 
its own seedlings as rootstock. Seedlings or budded' saplings are planted in 
the orchards during February-March and in September. Planting distance 
varies from 7-8 m in the square system, depending upon soil fertility. 

Fertilization and irrigation. Maintenance of soil fertility by an appropri
ate programme of manuring is important for commercial orchards. The trees 
are drought-tolerant, but in Mirpurkhas weekly irrigation produces a better 
yield than fortnightly irrigation. One or two irrigations during ripening are 
particularly important for enhancing the fruit yield and quality. Light prun
ing of old wood during late winter promotes new branches for better fruit 
bearing. The fruit is harvested while still firm but turning from green to 
creamy yellow and showing signs of cracking between the segments. Keeping 
the fruit for 2-3 days in straw is enough for complete ripening. 

13.9 Papaya 

The papaya (Carica papaya) belongs to the family Caricaceae.1t grows in 
almost all the tropical regions of the world. In Pakistan, it is grown in 
Karachi and Thatta Districts on an area of about 500 hectares. 

Botany. Papaya plants are dioecious and start bearing within 10-12 
months, while blooming starts 4-6 months after seeding. The plants are 
straight, usually with a single stem 1-3 m tall with an umbrella of leaves on 
the top. The stem is fragile and hollow, and easily damaged by strong winds. 
The 5-7 leaves are dentately lobed on long pedicels. The leaves remain only 
on the top of the fruiting area while the older ones abscise. 

Male and female flowers appea'r simultaneously on separate plants. The 
female flower is large, yellow, and has 5 large petals surrounding a large 
ovary. The stigma is also 5-lobed and each lobe is further branched. Female 
flowers are borne singly in groups of about 3, almost sessile at the base or 
axil of the leaf stalk. The male flowers are much smaller and are borne in 
the middle or at the end of a meter-long inflorescence stalk. The 5 petals 
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terminate in a tubular structure or corolla. The sepals are inconspicuous as 
in the female flowers. Pollination is by insects and air currents. 

The fruit is an oblong, pyriform, or nearly cylindrical, large and fleshy 
berry. The outer color may be green, yellow, or orange-yellow when the fruit 
is ripe. There are numerous, small, black seeds in the cavity of the fruit. 

Culture. Papaya is planted at a distance of 1.5 m on fertile or heavily
manured, light, well-drained soils. Close planting is important because 
sexual propagation results in a ratio of around 50:50 male and female plants, 
which can only be identified on blooming. At that point most of the males 
are uprooted, leaving only a few for pollination. 

Papaya grows in tropical regions with a warm, humid climate. Mature 
trees can endure light frost. Papaya grows and bears well in regions where 
the summer temperature ranges from 38-40°C and the winter temperature 
does not frequently go below SOC, and the average annual humidity is 70%. 
The largest yield is taken from young trees two to three years old; trees be
come uneconomical after five years. Mature fruits are harvested when still 
hard but turning yellow, particularly for distant markets. 

During summer papaya trees are irrigated weekly, and in winter fort
nightly. The plants must be irrigated regularly, as lack of moisture results in 
stunted growth and poor fruiting. 

13.10 Chiku 

Botany. The chiku (Achras zapota), also known as sapodilla, sapota, or 
zapota, belongs to the family Sapotaceae.1t is a fruit of tropical regions, but 
temperatures above 44°C are injurious. In Pakistan, it is grown on a small 
acreage in coastal districts of Sindh. The tree is evergreen with dense dark
green foliage. It blooms twice a year, once in Mar-Apr and again in Aug
Sept. Flowers are borne singly in the axil of the young rosette of leaves or 
bracts in a clustered configuration. The spring bloom and crop are both 
generally larger than those of autumn. The fruit is a round, oval, or conical 
berry. The skin color is brownish and the flesh is soft, granular, and very 
sweet. There are generally 1-4 hard black seeds. 

Culture. Chiku is grown in a variety of soils, but deep, sandy loams are 
best. It is tolerant of alkaline soils and brackish water. For commercial 
production, well-prepared fertile soils are selected and abundant FYM 
added. Either seedlings or plants propagated by asexual methods of gooti or 
grafted on khimi (Mimusops hexandra) are planted at a distance of le m in 
the square system. Weekly irrigations, particularly during summer, the 
fruiting season, are advised. Delay in irrigation during any stage of fruit 
development results in loss in yield. The fruit are carefully picked when they 
reach full size, and later ripen and become soft in crates after 4-6 days. 
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13.11 Apple 

The apple is one of the most important tree fruits of the world. In Pakistan 
its cultivation is limited and is restricted to the northern hilly tracts of 
Punjab and NWFP, and the Quetta region of Balochistan. 

Botany. The apple belong! to the family Rosaceae and the sub-family 
Pomoideae. Other sub-family members are pear and quince. The botanical 
name(s) of apple are used inconsistently. Some reported names are Pyrus 
malus L, Malus sylvestris, and Malus malus. The most common name is Pyrus 
malus L. The genus Pyrus is further subdivided into two sub-genera, Malus 
and Pyrophorum. Malus is the sub-genus of apples and Pyrophorum of pears. 
The Malus genus has no grit cells, styles are united at the base, the calyx 
tube is open, the flowers are colored, and the fruit globular. The flower is 
perfect with .s. sepals, 5 petals, 5 carpels with 2 ovules each, and 15-20 
stamens. The tree is upright spreading, deciduous, and carries mixed buds 
which produce flowers and mostly spur-bearing leaves. 

Varieties. Some 5000-6000 varieties of apples are described in the 
literature; however, only a few are important for any particular region. To 
select a variety, important characteristics are studied under local conditions. 
A selected variety should be: an annual bearer, good to very good in taste 
quality, attractive in appearance, relatively pest-resistant, productive, and 
hardy. Good storage and handling quality further increase the value of the 
variety. Some important varieties grown in various apple-growing regions of 
Pakistan are: in the Quetta region, Kashmiri, Kandhari, Amri, Kulu, and 
Qalat Special; in the Murree Hills, Kapai Red Beauty of Bath, Delicious, 
Kashmir Amri, Banki, Golden Delicious, Red Delicious, and Sky Spur are 
recommended. In addition, some 10w-chiIIing new varieties have been intro
duced like Tropical Beauty, Enna, and Ein Sheimer. Enna i~ reported to 
perform well at lower altitudes. 

13.11.1 Climate and soil 

Apples need a cooler climate than most fruits because apple buds have the 
longest rest period and hence require more chiIIing than those of other 
deciduous fruits. Apples can endure quite low temperatures, but tempera
tures of - 30°C and rapid fluctuation in winter from relatively warm to 
extremely cold temperatures are harmful. Uniformly severe cold nights 
during the rest period are favorable. Spring frosts or freezes shortly before, 
during, or after bloom are destructive to apple production. 

Apples thrive and produce the best in a relatively long, cool, and slow 
growing season, the type of climate which usually prevails at altitudes of 
1700-2500 m. Apples grown at lower altitudes produce less yield of inferior 
quality. The quality of fruit grown at lower altitudes is particularly lowered 
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by high summer temperatures. Therefore, suitable summer and winter 
temperatures are the main climatic considerations in selecting a place for 
apple cultivation. Localities having a mean summer temperature up to 27°C 
or preferably lower are considered suitable. 

Rainfall is important, as in hilly areas there is seldom any other source 
of water. For apples, 750 mm rainfall well distributed throughout the year 
is ideal. In Punjab, the northern hilly tracts receive most of their rain during 
the monsoon, while the Quetta region usually faces a shortage of irrigation 
water. Late spring frosts and hail during the early stages of fruit develop
ment often damage apple crops in the Murree Hills. Continuous strong 
winds, particularly during blooming, are another hazard in apple culture. 

Soil. Apple trees grow and bear fruit in a wide range of soils, but the 
most suitable appears to be deep, well-drained, fertile loam which permits 
free root development. Waterlogged soils or those where subsoil water rises 
into the root zone even for a short time during the growth period should be 
avoided. Hardpan soils are also undesirable, as are light, shallow, gravelly 
soils, which are not capable of retaining adequate moisture. 

13.11.2 Propagation and rootstocks 

Apple trees are budded on crab apple, on various East MaIling types, and 
on seedlings of some commercial apple varieties. In the Murree Hills, crab 
apple is the only popularly used rootstock, though efforts are already under
way to introduce some foreign rootstocks. Besides crab apple, some other 
rootstocks are used in Sariab, Quetta and Tarnab, Peshawar, including M-I, 
M-7, and M-9. M-I is a very outstanding rootstock because of its good 
nursery performance; also, it is vigorous on dry soils. M-7 is rapidly growing, 
semi-dwarf, and precocious. M-9 is most suitable for heavy soils, and is 
dwarfing in nature. 

Crab apple (Pyrus baccata) is propagated through seed and stooling. 
Trees grafted on this rootstock are vigorous. To raise crab apple seedlings, 
the seeds are extracted in May-June and stored in a cool, dry place until 
December, when they are either sown directly in the soil or stratified in 
boxes. In Murree, both direct sowing and stratification produce similar 
results. The seeds begin to germinate in March, and are later transplanted 
to other beds, where they are ready for budding by the next summer. 

Stooling, also called mound-layering, is another method of raising 
rootstock. About two-year~ld crab apple plants are cut back to ground 
level in the spring. Several shoots then emerge, and when they are 10-15 cm 
tall, moist and friable soil is hilled up around them up to half the height of 
the shoots. This process is repeated two or three times until July, when the 
final height of the hill thus built up is 15-20 cm and the shoots are 45 cm 
or more in length. Many of these shoots will produce roots by the following 
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spring. Then the rooted shoots can be removed from the parent stool in 
early spring. The unrooted shoots and parent stool are kept exposed to light 
during spring so that they will develop new shoots, and then the parent is 
again hilled up to encourage root development in these shoots. 

Propagation of scion varieties. Scion varieties are propagated by vege
tative methods, generally grafting or budding. Cuttings and layerings are not 
used because scion varieties are difficult to establish on their own roots. 
Budding is done during the active growth stage, while grafting is done during 
dormancy in winter or early spring. Some important methods of grafting of 
apples are whip or tongue grafting and cleft grafting; for budding, the ring 
and T -budding techniques are often practiced. 

13.11.3 Cultural practices 

Planting plans. On sloping land, apple orchards are laid out on contours 
along the slopes. Contour planting has the advantage that soil and rain water 
are conserved, resulting in better tree growth and production over a longer 
period of time. Also, the terrace channels are convenient for irrigation. On 
level land, the square system is the main method of plantation. New planta
tion is done in early spring when the saplings are still dormant. The distance 
between two trees is 6-7 m. Wide spacing improves tree vigor and also 
promotes better fruit col or due to prolonged exposure to sunlight. 

Good soil management is critical to successful crop production. It 
ensures a good supply of organic matter, prevents soil erosion, preserves 
moisture, and supplies nutrients regularly to the plants. Soils are managed 
clean or with sod. In hilly areas, sod helps to overcome the problem of soil 
erosion and in maintenance of organic matter, but brings its own problems 
like competition, less nitrogen supply, and harbouring of insects and rodents. 
In the Murree Hills, the trees are hoed under their canopy during early sum
mer to eradicate weeds and grass, and from the monsoon onward grass is 
allowed to grow, and mowed from time to time. 

Manuring. Manuring is an important cultural operation which is regu
larly performed in commercial orchards. At least three major elements, 
nitrogen, phosphorus and potassium, are applied through fertilizers. Fertil
ization recommendations based on leaf analysis for apples are to maintain 
leaf N at 1.8-2.6%, l' at 0.12-0.22%, Kat 1.2-1.8%. Mg at 0.24-0.4%, Ca 
at 1.0-1.5%, Sat 150':"2300 ppm, Fe at 50-100 ppm, Bat 20-40 ppm, Zn at 
25-50 ppm, Cu at 5-12 ppm, and Mo at Ql5-1.0 ppm. The needs of NPK, 
however, change with variety, and with the location of the orchard. 

Apples require relatively high K levels, while the need for P is quite 
low. Organic manure, either FYM or stable manure, is more suitable than 
chemical fertilizers. For a full-grown apple tree, 80-100 kg of well-rotted 
FYM is applied in November before the first snow. For a full-bearing tree, 
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fertilizer doses of 1.5-2 kg of ammonium sulphate, 2 kg of potassium sul
phate, and 3 kg of superphosphate are recommended. In general, N is ap
plied in two doses: one soon after snow clearance, and the other after fruit 
set. The fertilizer is spread under the canopy. 

Irrigation. Irrigation during blooming helps to increase fruit set and 
subsequent fruit development. In the Murree Hills, apple orchards are 
mainly dependant on natural rainfall except in the months of May-June. In 
these months irrigation is supplied from springs. In Quetta, there is no 
rainfall during summer and only 250 mm during winter. Water for irrigation 
is supplied through karez and springs. When the fruit is almost mature, light 
and infrequent irrigation is advised. This helps the fruit attain timely ripen
ing and full color development. 

Pruning. The pruning of apple trees is often ignored by orchardists, 
mainly because they are unaware of the objectives of this practice. Both 
young and bearing trees are pruned to increase orchard output, mostly 
during the dormant season. Young trees are pruned to train them to a 
desirable shape so that the limbs constituting the main framework are strong 
enough to bear heavy crops of fruit. Such trees are easily managed for 
spraying, thinning, and picking of fruit. 

Full-bearing trees are pruned to remove old or undesirable wood and 
to maintain the tree in a vigorous condition for regular and efficient produc
tion of high quality fruit. The tops of mature trees are kept low and spread 
within bounds to facilitate harvesting and management. The kind and 
amount of pruning of a tree will depend upon its age, original framework, 
growth characteristics, and fruiting habit of the variety. 

13.11.4 Problems 

Fruit setting and pollination. Apple flowers are hermaphroditic, but many 
varieties are self-unfruitful because of self-incompatibility. Some varieties 
are partially self-incompatible, some slightly so, and some almost complete
ly. A moderate degree of self-incompatibility is desirable because it results 
in moderate fruit setting which minimizes the need for fruit thinning and 
reduces the incidence of alternate bearing. Cross-pollination by insects and 
wind generally produces better results than self-pollination. For cross
pollination the honeybee is the most important insect; on a quiet sunny day 
a bee visits an average of over 5000 flowers. Prevalence of, temperatures 
lower than 8°C, rains, or winds are unfavorable conditions for the night of 
honeybees. Some self-pollinated or self-fruitful varieties are Baldwin, 
Grime.s Golden, Rome Beauty, and Cox's Orange Pippin. Partially self
unfruitful varieties are Golden Delicious, Jonathan, and Red Astrakhan. 
Completely self-unfruitful varieties are McIntosh, Gravenstein, Red Deli
cious, and Stayman Winesap. The problem of pollination and fruit setting 
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can be overcome by looking for pollenizers and keeping beehives in the 
orchards. 

Hailstorms. Hail is a particularly serious problem in the apple-growing 
sectors of the Murree Hills. In some years the storms are so severe that the 
whole crop is destroyed. Hail injures spurs, knocks down flowers, and dam': 
ages young as well as half-grown fruit. Hailstorms usually occur during late 
spring and early summer when the fruit is still developing. They are a natu
ral calamity, but the extent of losses may be reduced by covering the trees 
with nylon nets. This practice is recommended, but doing it on a large scale 
is expensive and impractical. 

Insect pests. Apples are attacked by several insects and diseases, a few 
of which are very serious. The codling moth is the most destructive of the 
insect pests, and is common both in Murree Hills orchards and in Quetta. 
It damages the inside of the fruit without apparent signs. The larvae burrow 
through the skin or enter the fruit through the calyx tube. They eat the 
immature seeds and the flesh around the core. For pupation, they come out 
and find shelter in the tree or beneath the trees in fallen leaves. Another 
generation of insects appears and starts the cycle again. Control may be 
attained either by systematic spraying of insecticides, or by wrapping the 
main stem with burlap to trap the pupating larvae and later destroying them. 

13.12 Pear 

Botany. The pear belongs to the genus Pyrus and sub-genus Pyrophorum of 
the family Rosaceae. There are around 30 species of pear in the genus 
Pyrus; the most commonly cultivated species is Pyrus communis L. 

The genus is characterized by white flowers with the style free at the 
base. The fruit have a closed calyx tube and contain grit cells in the flesh, 
clustered around the carpels and in the core. The tree of P. communis is 
strong, upright, and deciduous. The leaves are mostly oblong to ovate, hard 
in texture, bright-green, and serrated. The flowers are white and borne on 
spurs in clusters of 4-12 with leaves. Each flower is hermaphroditic and has 
5 persistent sepals, 5 petals, 5 carpels, 15-20 stamens, and an inferior ovary. 
The fruit is a pome which, like the apple, is a false fruit since it develops 
from the torus and floral tube instead of the ovary. Pears are universally 
self-incompatible and hence produce more fruit when they are cross-
pollinated. Many of the good cultivars are parthenocarpic. ' 

Varieties. Important varieties grown in Pakistan are Clapp's Favourite, 
Hardy, Bose, Bartlett, Cornice, LeConte, Kieffer, and Samar Kandi. 

Climate and soil. Pears are an important fruit crop in the temperate 
regions of the world. Pear buds require about 900-1000 hours JJf chilling 
below 5°C to open in the spring. In Pakistan, the cold winters needed to 
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meet the chilling requirements of most pear varieties are easily found above 
1000 meters in the colder areas of Mardan, Hazara, Quetta, the Peshawar 
region, and the Murree Hills. 

Summer and winter temperatures are important detetminants of the 
time of flowering, ripening, and quality of pears. Pear buds and wood are 
less resistant to cold than those of apple, but the blossoms and young fruit 
seem more resistant. High summer temperatures are withstood better by 
pear than apple, and flavor of the fruit is not impaired by high summer tem
peratures to the extent that it is with apples. 

The pear tree is tolerant of a wide range of soil conditions. It can 
withstand both excessive moisture and drought and is very tolerant of poorly 
aerated soils. It can grow even in shallow hardpan soils, and can also resist 
a fair ~mount of alkali. For a good yield, deep, well-drained, not-too-heavy, 
fertile soil, free of wet conditions and excessive alkali is the most suitable. 

Rootstock and propagation. Like many fruit species, pears are propa
gated by vegetative methods like cleft and whip grafting during the dormant 
season. For the production of standard pear trees, seedlings of different 
varieties of common pear and Japanese pear are used; for producing dwarf 
trees, quince is the universal rootstock. In Pakistan, seed of batangi, a wild 
cultivar of common pear, is more commonly used. 

Cultural practices. Pear orchards in Pakistan are planted on terraces 
in the hills, and in the square system at a planting distance of 6-8 m in the 
plains of Peshawar, Hazara, and Mardan. Planting time is late winter or 
early spring when the plants are still dormant. In young pear orchards 
moisture should be available throughout the growing season to attain good 
growth. Bearing trees grown in the Murree Hills are irrigated during May 
and June from perennial springs. In the Peshawar region, weekly irrigation 
is given from flowering to fruit ripening; suspension of irrigation at any stage 
adversely affects fruit quality and yield. 

Young trees require a sufficient amount of minerals for growth, and 
bearing trees require additional amounts for fruit production. Fertilizer and 
manuring recoplmendations vary with tree age, type of soil, and other 
aspects of the growing environment. If animal dung is available, it should be 
preferred, as it supplies all the essential elements to the trees. About 80 kg 
of well-rotted manure is applied to a full-grown tree just before the first 
snowfall in November. If chemical-fertilizers are also available, both chemi
cal fertilizer and FYM should be applied in equal proportions. In many 
pear-growing regions of the world, the greatest response has been obtained 
with nitrogenous fertilizers to produce good growth and fruit. In the Pesha
war region the recommended practice is to supply 2-3 kg of ammonium 
sulphate per tree. This is to be applied in three equal doses: the first 2-3 
weeks before bud opening, the second dose when the fruit is of almond size, 
and the third application a month after the second. 
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Pruning is done essentially to maintain the framework and regulate 
production of the trees. Pruning for desired results is related to several 
factors like soil management, climate, age and tree vigor, and variety. There
fore, no one method can be universally recommended. Only intelligent 
pruning carried out keeping in view the above-mentioned factors will have 
the desired specific influences on normal tree growth, consistently ·good 
cropping, fruit quality, and economical management of the trees. It has been 
observed in a number of experiments that a pruned but unfertilized pear 
tree produced a better crop than a fertilized but unpruned tree. 

Pruning of a bearing tree should accomplish the following objectives. 

• Vigorous wood growth should be encouraged. 
• Weak wood and sprouts should be removed. 
• Fruiting wood should be evenly distributed. 
• The tree center should be open to allow light penetration. 
• Tree height should allow convenient spraying, thinning, and harvesting. 
• Pruning should help to regulate bearing, size, and quality of fruit. 
• Interfering branches, dead wood, and diseased parts should be removed. 

13.13 Plums 

Botany. Plums belong to the group of deciduous fruits commonly known as 
stone or drupe fruits. They are true fruits and are characterized by having 
a distinct three-layered pericarp- an exocarp, mesocarp, and a stony endo
carp which encloses the seed. The other members of the group are apricots, 
peaches, almonds, and cherries. PlumI' belong to the genus Prunus, sub
genus Prunophora (plum and apricot) of the family Rosaceae. There are 
about 15 cultivated species of plums, of which Prunus domestica (European 
plum) and P. salicina (Japanese plum) are the most common. Important 
varieties produced in various regions of Pakistan are: 
European plums: Fezle Manani, Grand Duke, Gauzales, and Formusa; 
Japanese plums: Burbank, Wickson, and Methley. 

Trees of P. domestica plum are medium-sized WIth a round top reaching 
a height of 10 m or more. The leaves are broad, coarsely serrate, usually 
pubescent beneath, and appear with the bloom or after it. Flowers are 
complete and perigynous, with 5 pure-white petals borne in pairs in lateral 
spurs or shoots. Fruit color may be green, yellow, red, or purplish-blue, and 
the size and shape is va):"iable. Varieties of domestica are self-fruitful or 
partially self-incompatible, and a few are self-sterile. 

Climate and soil. Plums are mostly grown in temperate regions, while 
some low--<:hilling varieties may be grown in the milder parts of subtropical 
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regions. In Pakistan, most of the area under plums is in the milder regions 
of NWFP, and there is some acreage in the Murree Hills of Rawalpindi 
District in Punjab, and in Quetta and Qalat divisions of Balochistan. 

Chilling requirements of domestic plum are 800-900 hours below SoC. 
The Japanese plum requires less chilling than European plums and hence 
blooms earlier. As a result, it is more often damaged by spring frosts. In the 
Murree Hills, planting Japanese plums on northern slopes delays blooming 
and helps the trees escape frost damage. In relatively warmer climates, 
European plums develop better flavor than the Japanese varieties. The best 
flavor in European plums develops in places where the temperature seldom 
goes above 38°C. The fruit will remain acidic if the lower temperature falls 
below 15°C. 

Soil requirements depend upon the type of rootstock. When budded on 
Myrobalan stock, the plum prefers heavy soil, well-drained and fertile; 
however, it can also tolerate poorly-aerated soils. Plums budded on peach 
stock may be grown on relatively light, shallow soil; but if apricot stock is 
used, alkaline soils may also be suitable. Almond stock for plums may allow 
plums to grow successfully in warm, dry soils. In general, most Japanese 
varieties will do better in lighter soils, while many European varieties prefer 
loam and clay loam soils. . 

Propagation and rootstocks. Plums are budded on plum, peach, al
mond, and apricot rootstocks. Of these, plum is the most commonly used 
worldwide. In Pakistan, plum is popularly used as rootstock in the Murree 
Hills, peach in NWFP, and almond in Balochistan. The stones of all the 
above mentioned rootstocks are collected during the fruiting season and 
stored in a cool, dry place. The stones are then stratified in December
January and sown in lines during February in well-prepared seedbeds. Some 
vigorous seedlings may be ring-budded in May, others shield-budded in 
July-August, and still others cleft-grafted during late winter when the seed
lings !Jre still in dormancy. 

Orchard layout. Plums are planted in squares or in a quincunx layout. 
In Balochistari, the hexagonal system is also used. Planting distance generally 
varies from 5-7 m depending upon the variety, soil, climate, rootstock, and 
pruning system. Cultural practices are recommended according to local 
conditions and varietal characteristics. 

Irrigation. Irrigation is essential because of scanty rainfall in many 
plum-growing areas of Pakistan. Frequency of irrigation is adjusted depend
ing on prevailing local conditions. 

Fertilization. Plums respond fairly rapidly to nitrogenous fertilizers. 
Bearing trees need liberal supplies of N in early spring to help in fruit 
retting. Besides this, organic matter, P, and K are also applied to commer
cial plum orchards. 
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Pruning. Plums are usually trained to vase form. Mature domestica 
trees are not pruned much because they bear on spurs; Japanese plums, on 
the other hand, bear fruit on shoots and hence are regularly pruned. Pruning 
of domestica plum varies with varieties, but necessary pruning is carried out 
to maintain the skeleton. 

Fruit thinning is a common commercial practice, as under favorable 
conditions fruit set is very heavy. Thinning increases fruit size and leads to 
a larger proportion of marketable crop. Manual as well as chemical thinning 
is done after late spring frost and natural June drop. 

13.14 Apricot 

The cultivated apricot (Prunus armeniaca) of the family Rosaceae is a stone 
or drupe fruit. In Pakistan, it is cultivated from 300-2000 m. Varieties grown 
at the higher elevations are usually superior in quality. In Punjab, apricot 
cultivation is common in the Soan Valley and the Murree Hills. Haripur 
Hazara, Peshawar, Mardan, Kohat, and Malakand Divisions are important 
in NWFP, while in Balochistan it is the ~uetta valley. Excellent apricots are 
produced in the Northern Areas. Important. commercial varieties grown in 
various parts of Pakistan are Red Flesh Early, Old Cap, Charmaghzi, Moor
park, Nuri, and Shakarpara. 

Soil, climatic requirements, and cultural practices. These are almost 
the same as for plums. Apricots are propagated by grafting during dormancy, 
or budding during the months of May-June on seedling rootstocks like Hari, 
a wild apricot, peach, or almonds. 

Training and pruning. Apricot trees are trained to a modified-leader 
system. With bearing trees, the side branches on the main branches should 
be tipped if they are longer than 25 cm because they bear flower buds all 
along their length. Long side branches on the inside of the trees are cut 
back to one-third of their length. Vigorous but unfruitful lateral branches 
are completely removed. Renewal wood develops at the base in both cases 
and the fruit is, therefore, carried close to the main limbs and leaders. 

Fruit thinning is necessary as apricot trees may set over 40% Of their 
flowers. In thinning, small and weaker fruits are removed and clusters are 
reduced soon after the stones are completely hardened. 

13.15 Peach 

The peach (Prunus persica) is the second most important stone fruit (after 
plums) in Pakistan. It belongs to the sub-genusAmygdaJus of th.e Rosaceae 
family, as does almond. The cultivated peach tree is generally vigorously 
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,growing and spreading in nature. The leaves are broadly lanceolate and 
coarsely serrated. The simple flowering buds have a dense wooly appear
ance. They are located laterally in leafaxils, and borne on one-year-old 
branches singly or in pairs with a leafbud in between. They open before the 
leaf buds in the early spring. The flower is hermaphroditic and perigynous, 
the ovary being slightly lower than the S pinkish petals. The fruit is a drupe 
which enclo&es a bony endocarp with a ridged surface. The fruit is fuzzy, 
either flat or round, beaked, and sutured. It may be red, yellow, or white
fleshed, and may be sweet, sour, or bitter in taste. 

Cling and freestone are two important cultivated types of peaches 
produced worldwide. In Pakistan, peaches are grown in the same regions of 
NWFP and Balochistan as plums. 

Varieties. There are both dwarf and tall-growing varieties. In the 
Peshawar region about four dozen varieties have been tested. A few of them 
are recommended: Jubilee, Golden, Robin, Wiggin, and 6-A. The last, 
being a late variety, is very important. In Quetta, Golden Early, Shah Pa
sand, and Shireen are important. 

Soil and climate. Peaches can grow on a wide range of soils, depending 
upon the rootstock used. With light sandy loam soil, they can be budded on 
peach seedlings; if the soil is heavy and moist, plum rootstock is most suit
able. For almond rootstock, dry, light warm soil is preferable. In general, 
rich, well-drained, loamy soils with deep subsoil are most suitable. The 
peach tree is not tolerant of wet conditions. 

Peach has widely variable chilling requirements- from 200 hours below 
SOC for low-chilling varieties to more than 1000 hours. Peach orchards are 
located at from 600-1500 m elevation. Peaches and plums are grown in al
most similar environmental conditions, except that some low-chilling peach 
cultivars can also be grown in warmer places. For good flavor and better 
quality peaches, mild summer temperatures of 27-30°C are required. 

Propagation and rootstock. Peach st:edlings are the most commonly 
used rootstock for peaches, while almond (in Quetta) and plum are also 
sometimes used. At Tarnab, Yellow Local peach gives better performance 
as rootstock for peach than apricot ana plum. Common methods of budding 
peach are ring and shield, which are done during summer, and cleft-grafting, 
which is done during late winter. 

Vegetatively produced plants of commercial varieties are planted during 
early spring before sprouting. The square layout system is used, with a 
planting distance of 7-8 m depending upon soil type, rootstock, and variety. 

Cultural practices. The soil or orchard floor is kept covered or clean
cultivated depending l'pon the site and other local conditions. In the Murree 
Hills, at" lower heights where peaches can be cultivated, orchards are kept 
clean during the dry period (April-June), while weeds and grass are allowed 
to grow during the rainy season (July-August) to conserve the soil. In Pesha-



478 Muhammad Ibrahim Chaudhary 

war, where the finest peaches are grown, non-bearing orchards are inter
cropped with vegetables and berseem, while bearing orchards are kept clean. 

Peach orchards must be regularly irrigated to obtain optimum yield; 
adequate water is particularly necessary during the pit-hardening and fruit 
maturing stages. A deficiency or negligence in irrigation during the growing 
season will result in reduced fruit size. Excessive irrigation, on the other 
hand, may cause early yellowing and falling of leaves. 

Peaches bear only on previous-year growth, therefore for regular fruit 
production, vigorous shoot growth must be encouraged during the growing 
season. It is induced with heavy N-fertilization in addition to proper irriga
tion and pruning. Peaches respond well to Nand K under most conditions 
and have higher requirements of these two elements than even apples. An 
average-sized, bearing peach tree is supplied with 60-80 kg FYM annually 
depending upon the tYpe of soil, crop yield, and vigor of the tree. The 
manure is applied during late autumn when the trees are dormant. For 
chemical fertilizers, in the Peshawar region the general recommendation is 
2-4 kg ammonium sulphate per tree. This fertilizer should be applied in two 
equal doses: first in early spring and then after fruit-setting in April. 

Pruning. Peach trees are trained according to the central-leader or 
modified-central-Ieader system, which gives them a strong frame. Annual 
pruning of bearing trees is essential for peaches, as it is related to their 
typical bearing habit. Peaches bear laterally on previous-year growth. Fruit 
buds may be located in the center or on the basal portion of the shoots in 
different varieties. The position of the buds affects the severity of pruning. 
If the buds are towards the base, pruning of one-year-old shoots should be 
more severe than W!len they are located in the center. Pruning is also neces
sary to get new shoots on this wood for the following year's crop. 

Fruit thinning is carried out to get more fruit of commercial size. The 
necessity for thinning can be minimized by proper pruning. 

Problems. Some viral and fungal diseases can eliminate a whole planta
tion. The viruses causing peach yellow and mosaic are particularly danger
ous. Peach leaf curl is a serious fungal disease frequently found in peach 
orchards. Gummosis sometimes constitutes a serious threat to peach planta
tions. 

13.16 Almond 

The almond (Prunus du/eis, formerly known asP. amygda/us), family Rosace
ae, is a stone fruit important for its nutritious and highly valued seeds. 
Botanically the almond is close to the peach. Worldwide almost all impor
tant varieties of almond are self-sterile. 



FRUIT CROPS 479 

Varieties. Sweet almonds are classified into three types. 1) Hard
shelled varieties are Peerless and Drake. (2) Soft-shelled types are Jordo
nalo and Neplus Ultra. (3) A paper-shelled variety grown in Balochistan and 
the Soan Valley is Nonpareil. Most varieties of almond bear regularly. 

In Pakistan, about 7200 hectares of almonds are cultivated in small 
areas in Qalat and Quetta divisions of Balochistall, and in small areas of 
Swat and the tribal areas (FATA). Recently almond cultivation has been 
introduced in the So an valley of Punjab. Almonds are grown in slightly 
warmer environments than peaches, as their wood and flower buds are less 
resistant to cold weather during dormancy, and they become still more 
tender on blooming and at the start of growth. Almonds bloom early and 
hen,ce frequently fall victim to spring frosts. 

Propagation. Almonds are propagated vegetatively. The best rootstocks 
are seedlings of either bitter or sweet almond. Peach is also commonly used, 
and sometimes apricot seedlings. Grafting is done during the dormant 
season or budding during summer. 

Cultural practices. Since almost all varieties of almond are self-sterile, 
planting pollenizer varieties and keeping hives of honeybees in the orchards 
are very important to ensure cross-pollination. Since almonds bloom quite 
early in the season, when the activities of the honeybee are at a low point, 
and since almond pollen is not carried by the wind, close planting of the 
pOllenizers together with the commercial varieties is helpful to promote 
pollination and fruit-setting. After pollination, it takes 6-8 months for the 
nuts to ripen, depending upon the summer temperature and the variety. In 
hot summers they ripen earlier than in mild summers. On full maturity the 
exocarp and mesocarp which form the hull of the fruit split open, and the 
endocarp is released and dropped on the ground. 

The tree is dee.p-rooted, and so needs deep, well-drained, moderately 
fertile soil. Sites with poor drainage or water logging are not suitable for 
almonds. In Balochistan, farmers generally believe that almonds can be 
grown without irrigation. Even though almonds are drought-resistant, casual 
irrigation during summer brings better results by reducing fruit drop and 
producing large-sized kernels. Manuring on time is also required. 

During their non-bearing age, almonds are pruned for training, but 
during bearing, unlike peaches, they are pruned very little. Almonds bear on 
short spurs which remain productive for five years, and also on one-year-old 
branches. Thus only a little pruning on alternate years is recommended. In 
contrast to all other stone fruits, thinning is not done for this fruit. 
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13.17 Persimmon 

Botany. The persimmon (Diospyros kaki) belongs to the family Ebenaceae. 
D. kaki trees are deciduous and medium-sized (8-12 m tall). The leaves are 
ovate, elliptic to oblong ovate, acuminate apex, pubescent beneath, and 
glabrous and shining above. Persimmon trees are monoecious, dioecious, or 
polygamous (with hermaphrodite, pistillate, and staminate flowers). The 
varieties cultivated in Pakistan like Haychia and Fuyu usually carry only 
pistillate flowers. Flowers are borne in the leafaxils of the current season's 
growth. Female flowers are large and solitary, while male flowers are smaller 
and grouped in clusters of 3 or 4. Male flowers have 16-24 stamens in two 
rows and the calyx and corolla are 4-lobed. The pistillate flowers have a 

t leaf-like, 4-lobed calyx, 4-lobed light-yellow corolla, 8 abortive stamens, and 
a globose 8-celled ovary. Pollination, which takes place through insects, may 
or may not be necessary. Pollination affects the flesh color of the fruit and 
reduces astringency, though most of the cultivated varieties are parthenocar
pie. The fruit is a berry which varies in size, shape, color, and quality. The 
fruit of some varieties is oblong or conical, while that of others is flat like 
a tomato. Fruit color ranges from orange-yellow to deep orange. The fruit 
is sweet and soft only when fully ripe. 

In Pakistan, the persimmon is gaining popularity and is cultivated in 
cool subtropical regions like Chakwal, Jhelum, Rawalpindi, and Taxila in the 
Punjab; and Mardan, Hazara, and Peshawar Divisions of NWFP. Some 
varieties grown in Pakistan are Hachiya, Fuyu, Aman Kaki, and Marko Italy. 
These are seedless. 

Soil and climate. Persimmons flourish well on sandy loam soils with 
good drainage and sufficient organic matter. The persimmon prefers a mild 
climate. It flowers late in the spring and ripens in early to late October, 
depending upon temperature conditions. It has moderate chilling require
ments of 400-500 hours and is fairly tolerant to O°C. It is sensitive to high 
temperatures, and in places where summer temperatures rise above 38°C 
fruit yield and quality is considerably r~duced. 

Propagation and rootstocks. Seedlings of D. lotus (am/ok) or D. kaki 
are commonly used as rootstock; D. kaki is considered to be superior. 
Persimmons are propagated from seed, and also by ring and T -budding in 
spring and summer, and cleft and tongue-grafting in late winter. 

Culture. I'ersimmon seedlings, or budded/grafted plants are transplant
ed during late winter when they are still dormant. The planting distance 
between plants and rows is 7-8 m. Transplanting success is not very high, 
therebre considerable post-transplanting care must be taken. 
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Where there is not much rainfall, persimmons require frequent irriga
tion during summer. In winter, there is little need of irrigation. Irrigation 
should be restricted during flowering and fruit setting. 

Use of nitrogenous fertilizers is necessary for good health and fruit 
production, but an excessive dose may cause the tree to grow vigorously. 
Excessive shedding of young fruit is not uncommon in such trees. For a 
bearing tree, 40 kg of well-rotted FYM is added during the autumn. Artifi
cial fertilizers are applied during the early spring. 

Persimmons are trained to a modified-leader form, and four or five 
angled shoots are developed. During the bearing age, practically no pruning 
is done except for annual removal of dead, broken, diseased, and interfering 
branches. Wood which has borne fruit should also be removed while the 
sterile wood on main limbs sends out new shoots to bear fruits. Fruit thin
ning is practiced with some heavily bearing trees. If there is enough fruit 
drop at an early stage, thinning may not be needed. 

Unripe persimmons are highly astringent, and are not edible in this 
condition. Some treatments to induce ripening are storing the fruit in air
tight containers, inducing mechanical bruises, treating with ethanol, or 
storing in airtight rooms containing CO2, These procedures enhance ripen
ing by turning the excessively soluble tannins to an insoluble form. 

13.18 Grapes 

The European grape (Vitis vinifera) is the most important species of the 
family Vitaceae. Two other commercial species are V. labrusca (American 
grape) and V. rotundifolia (Muscadine grape). Worldwide, grapes are grown 
for eating, wine, juice, and raisins. European grapes are grown in mild 
subtropical conditions, while both of the other species do well under temper
ate conditions. Vinifera grapes have a thick skin which firmly adheres to the 
sweet pulp. American and Muscadine grapes have a thin skin which sepa
rates easily from the relatively acid pulp. Muscadine grapes have small . 
bunches, and large seeds. Their berries have a strong musky flavor and 
shedding is frequent. 

Botany. Grapes are produced on vines which are trained on wires run
ning on both sides of the plant. The buds develop in the leafaxils. Leaf buds 
produce only leafy shoots, while fruit buds produce shoots which also carry 
one or two flower clusters opposite the leaves. Tendrils also develop on 
these shoots opposite some of the leaves. Labrusca grapes develop tendrils 
opposite each lateral leaf, which support the shoots by coiling around the 
wires. Infloresce:Ices are produced laterally on the third or fourth node of 
one-year-old shoots called canes. The flowers are usually complete and 
perfect, but male or female flowers are also found in some varieties. Each 
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flower has 5 green sepals, 5 greenish white petals, 5 stamens, and 2 carpels 

each containing 2 ovules. Blooming is followed by vegetative growth after 

dormancy is over. Blooming is more rapid at temperatures between 18° and 

21°C and is retarded if the temperature reaches 37°C. Pollination, which is 

carried out by insects, takes place even in seedless cultivars. The fruit is a 

berry of variable size in each variety and is borne in clusters. 

In Pakistan, only European grapes are cultivated for eating. Over 70% 

of the grapes are grown in Balochistan, while there is some acreage in 

NWFP. Some important varieties grown are: 

Seedless: Sunda Khani, Sra Kishmish, and Askari 

Seeded: Haita, Black Prince, Sahihi, Hussaini, and Tandon 

Soil and climate. Grapes are well adapted to a great variety of soils, 

ranging from gravelly sands to heavy clays, from shallow to deep, and from 

low to high fertility level. However, poorly drained or highly alkaline soils 

should be avoided. For good production, fertile soils with good structure 

which permit sufficient root growth should be selected. 

Grapevines are deciduous and bear fruit under mild climatic conditions. 

They require it winter which is cold enough to fulfill their chilling require

ments, but it should not freeze often. European grapes grow and bear well 

under a long, warm to hot, dry summer. This type of climate is found in 

Quetta Division of Balochistan. The failure of grape cultivation in Punjab 

is largely due to the onset of monsoon weather during the ripening period. 

Only early varieties can be successful under these conditions. 

Propagation. Grapes are most commonly propagated from hard-wood 

stem cuttings. Cuttings 30-40 cm long are made in late winter when vines 

are pruned. The cuttings are prepared by making a round cut at the proxi

mal end and a slanting cut at the distal end. For better rooting the cuttings 

are callused by burying them upside down in moist soil in shade, but they 

can also be planted directly in well-prepared beds. Other methods of propa

gation are layering and grafting. 
Culture. Grapevines are planted in early spring at 3-3.5 m distance 

depending upon the fertility of the soil, climate, variety, and the pruning 

system. In Balochistan, grapes are planted in trenches prepared at a distance 

of 3-4 m apart. Normally manures are not frequently applied, but in com

mercial orchards addition of about 5 kg of FYM per bearing vine is desir

able for the maintenance of health and yield. 

Irrigation during the warm and dry season is required for satisfactory 

berry development. Irrigation during flowering and ripening is not advised 

as it may delay ripening, reduces berry size, and increases shedding. 

Training and pruning. Pruning, which is done in the late winter, is the 

most important operation in grape culture. Probably no other fruit plant is 

so severely pruned. Pruning gives the vines proper shape and a size which 
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facilitates insect and disease control. It also keeps the fruiting wood near the 
main stem and well distributed all over the vine. Vines are trained to several 
systems, three of which - the head system, cane system, and cordon sys
tem - are very important. 

HEAD SYSTEM: The vines are trained to one straight stem for the first two 
years to a height of 1 m. At the head, short branches (arms) are allowed to 
develop, on which every year at the time of pruning 8-12 short spurs are left 
(headed-back, one-year~ld shoots). This system does not need any support
i~ structure, but good results can only be obtained in those varieties which 
bear on the lowest second or third bud of the cane. 

CANE SYSTEM: In varieties where the basal two or three buds do not pro
duce a crop, it is necessary to leave 4-6 fruit canes, each 30-100 cm long. To 
support the long canes and to keep the fruit above them, trellises are 
necessary. 

CORDON SYSTEM: In this system the main trunk is 2.5-3.5 m long and is 
trained horizontally on wires. The fruiting spurs are left all along the length 
of the trunk. This system is good for vigorous varieties of grapes which 
produce large bunches and are grown in rich soils. 

Table 13.2 Production (thousand metric tons) and area (thousand ha) of 
deciduous fruits. (Figures are 5-year averages. Figures in paren-
theses indicate area.) 

Year PU'ljab Sindh NWFP Balochistan Pakistan 
APRICOTS 

1975-80 0.3 6.2 23.3 29.8 
(0.1) (0.6) (2.1) (2.8) 

1980-85 0.3 8.1 34.6 43.0 
(0.1) (0.9) (2.~* (3.8)+ 

1985-90 0.5 14.0 51.3 65.8 
(0.1) (1.3) (4.2) (5.6) 

PEACHES 
1975-80 1.5 1.6 6.8 9.9 

(0.3) (0.2) (0.7) (1.2) 
1980-85 0.5 2.1 8.3 10.9 

(0.1) (0.3) (0.8) (1.2) 
1985-90 0.5 3.3 12.1 15.9 

(0.1) (0.5) (1.3) (1.8) . 
PEARS 

1975-80 8.1 22.5 0.8 31.4 
(1.2) (1.8) (0.1) (3.1) 

1980-85 3.0 29.~ 0.8 33.6 
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Year Punjab Sindh NWFP Balochistan Pakistan 
(0.5) (lA) (0.1) (3.0) 

1985-90 2.4 30.3 1.0 33.7 
(0.3) (2.4) (0.1) (2.8) 

PLUMS 
1975-80 0.2 21.3 9.0 30.5 

(a) (1.8) (0.8) (2.5) 
1980-85 0.8 28.5 11.4 40.7 

(0.1) (2.7) (0.9) (3.7) 
1985-90 1.3 30.4 15.2 46.9 

(0.2) (2.8) (1.3) (4.3) 
/ ALMONDS 

1975-80 0.1 0.3 22.7 23.1 
(a) (0.2) (6.1) (6.3) 

1980-85 D.1 0.6 25.0 25.7+ 
(a) (0.2) (6.4) (6.6) 

1985-90 (b) 0.8 29.1 29.9 
(a) (0.3) (7.0) (7.3) 

APPLES 
1975-80 3.1 0.2 39.7 41.4 84.4 

(0.5) (0.1) (3.4) (5.5) (9.5) 
1980-85 3.6 0.2 53.0 67.4 124.2 

(0.5) (0.1) (4.5) (7.8) (12.9) 
1985-90 8.3 0.2 92.2 103.5 204.2 

(1.2) (0.1) (6.6) (11.9) (19.8) 
GRAPES 

1975-80 0.3# (b) 0.2 28.5 28.9 
(a) (a) (0.1) (2.4) (2.5) 

1980-85 0.3 (b) 0.1 26.0 26.4 
(0.1) (a) (a) (2.6) (2.7) 

1985-90 0.2 (b) 0.3 30.1 30.5+ 
(a) (a) (0.1) (3.0) (3.0) 

Source: Data from Agricultural Statistics of Pakistan, 1989-90:92-101. 
• ASP, 1989-90 has 2.3, which is in error. 
# ASP, 1989-90 has 0.2, a typographical error. 
+ Pakistan totals differ by .1 from those in ASP due to rounding differences. 
( a) Less than 50 hectares. (b) Less than 50 tonnes. 

PRACTICAL EXERCISES 

1. Determine the harvesting time for apples, mangoes, stone fruits, and 
various citrus fruits by using several different maturity ivdices. 
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2. Practice sexual and asexual propagation of various fruits. 

3. Practice training and pruning various deciduous fruits. 

4. Practice laying out an orchard in the square and the he'lffigonal systems. 

5. Study flower and fruit morphology of some important fruits of your 
region by examining the flowers and fruits. 

6. Examine buds of various fruits to determine their structure. 

QUESTIONS 

1. Name some of the most important fruits of Pakistan, indicating their 
total acreage, production, and the regions where they are produced. 

2. Discuss the botanical characteristics of citrus, mango, date palm, pa
paya, apple, peach, persimmon, and grape. 

3. Name some commercial species of citrus fruit and comment on their 
economic importance. 

4. What cultural practices are important III evergreen and deciduous 
fruits? 

5. What is alternate bearing? In what fruits it is more pronounced? 
Suggest some measures to overcome the problem. 

6. Describe the problems of mango m~lformation in detail. 

7. Mention and discuss some salient problems of citrus, ~ava, apple, 
peach, almond, and grape. 

8. Describe the cultivation of two evergreen and two deciduous fruits. 

9. By what methods are various tree fruits propagated? 

10. How are date palm, banana, custard apple, pear, and persimmon propa
gated? 

11. Name several different commercial species of plum and grape. Describe 
briefly the characteristics of each species. 

12. What makes a persimmon astringent? How is this astringency reduced? 

13. What are the characteristics and environmental requirements of Zizy
phus jujuba and Zizyphus mauritiana. 

14. List at least four tree fruits which bear twice a year and also state the 
conditions favorable for their good bloom. 
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15. Discuss and differentiate pollination and pruning requirements for vari
ous stone fruits. 
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14.1 Tuber crops 
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14.7 Cucurbits 
14.7.1 Cucumber 
14.7.2 Muskmelon 
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14. VEGETABLE CROPS 

Abdul Fatah Baloch1 

LEARNING OBJECTIVES 

After studying this chapter, you should be able to: 

• Discuss the effect of specific plant nutrients on the growth and yield ot 
different vegetables under various agro-climatic conditions in Pakistan 

• Determine the most economical fertilizer levels for maximal yields of 
specific crops 

• Discuss the cultivation methods, climatic requirement"" and planting 
times of various tuber crops 

• State the comparative advantages and disadvantages of different meth
ods of sowing and planting root crops 

• Evaluate the bulb crop cultivars used in various parts of Pakistan 

• Compare the planting times, seed rates, yields, and food value of vari
ous cole crop" 

• Discuss the planting times and methods, and cultural practices appropri
ate for various cucurbit crops 

• Understand the effects of different NPK levels on the growth and 
quality of okra 

Vegetable crops can be divided into the following 10 groups according 
to their morphology and habits of growth. 

1. Tuber crops: potato, sweet potato 
2. Root crops: radish, carrot, turnip, beet root 
3. Bulb crops: onion, garlic 
4. Leafy vegetables: spinach, fenugreek, amaranth, lettuce, purslane 
5. Solanaceous fruits: tomato, chili, brinjal 
6. Cole crops: cabbage, cauliflower, kohlrabi 

lDr. Baloch is Associate Professor of Horticulture, Smdh Agnculture UniversIty, Talldo· 
jam, Sindh. 
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7. Cucurbits: cucumber, muskmelon, watermelon, Indian squash, bitter 
gourd, sponge gourd, bottle gourd, pumpkin or red gourd 

8. -Peas 
9. Beans: cowpea, cluster beans, hyacinth bean 
10. Okra 

14.1 Tuber crops 

14.1.1 Pptato 

The potato (Solanum tuberosllm L.) belongs to the family Solanaceae. There 
are many related species, but only the potato and a few others bear tubers. 

Potatoes are an important staple food crop. Annual world production 
of potatoes surpasses that of all other vegetables and ranks with wheat and 
rice. Introduced into Europe in the 16th century by Spanish explorers, it is 
cultivated throughout the world including the Indo-Pakistan subcontinent. 
Potatoes are used alone and mixed with meat, fish, chicken, and vegetables, 
and in big cities and towns, potato chips are prepared and sold commercial
ly. The potato is rich in starch and contains protein, minerals, and a fair 
amount of vitamins, particuLarly vitamin C. 

Climate. The potato has a wide range of seasonal adaptability. It is a 
cool-season crop and is moderately frost-tolerant. Temperature during the 
growing season has long been recognized as one of the most important 
factors influencing yield. Young plants grow best at a temperature of 24°C; 
later growth is favoured at 18°C. Tuber production reaches a maximum at 
20°C, decreases with rise in temperature, and at about 30°C tuber produc
tion stops entirely. Short days are beneficial for tuber production. 

Soil. The potato develops best on deep, fertile, sandy to, clay loams 
with good water retention capacity. Because the potato has a relativeJyweak, 
shallow root system, impermeable layers in the soil limit rooting depth, 
which restricts water availability to the plant in dry periods. Thus soil com
paction can greatly reduce potato yields. Aeration of the soil has a great 
effect on the set and development of tubers. 

Manures and fertilizers. Potato has a high nutrient requirement; a 
yield of 25 tonnes of tubers/ha depletes the soil of 119 kg of N, 50 kg of P, 
and 225 kg of K. In light soils and places where organic manures are not 
easily available, green manuring is beneficial. Well-rotted FYM at 30 t/ha 
should be incorporated into the soil three to four weeks before planting. 
Research on fertilizer requirements conducted in the Punjab and Sindh 
suggests that 100 kg N, 80-100 kg of PZ05, and 50 kg of KzO per hectare are 
sufficient to obtain good yields. Shah and Ismail (1983), and Hussain (1968) 
have reported that better yields of potatoes can be obtained by application 
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of 125-220 kg N, 33-75 kg PzOs, and 75-111 kg K20. They also found that 
the cost:benefit ratio ranged between 1:5.10 and 1:11.59. 

Spacing. In hilly areas, potatoes are spaced at 60 x 30 cm and the 
tubers are planted in furrows. In the plains, however, they are planted on 
ridges spaced 30 cm apart; the distance between ridges is kept at 45--60 cm. 

Seed rate. Potatoes are propagated by tubers, planted either whole or 
cut into pieces. To obtain maximum yields, healthy, disease-free tubers, free 
from mixture of other varieties, should be used. Seed rate depends on tuber 
size; 800-1000 kglha is generally recommendeo. Choudhry et a1. (1990) 
conducted a trial comparing improved seed of the Swat and Kaghan varieties 
bought from the Kalam Integrated Development Project with seed from the 
local market. Potatoes grown from the improved seed gave better soil cover
age, had a lower incidence of virus attack and higher tuber weight, and gave 
higher yields than those from the locally-purchased unimproved seed. 

Irrigation. Potatoes need frequent irrigation. The first irrigation should 
be given immediately after sowing, and thereafter at one-week intervals. 
After tuber formation, the frequency of irrigation is decreased. Care must 
be taken while irrigating that the water does not reach the top of the ridge. 
Irrigation should be stopped a few days before harvesting. 

Harvesting. The size of the tuber increases until the vines become dry. 
In developed countries, potatoes are harvested by mechanical harvesters. In 
Pakistan, they are manually harvested by digging up the ridges with a spade. 
Care must be taken that tubers are not injured during the process. After 
harvesting, the crop should be kept in the shade. 

Varieties. The varieties of potato commonly grown in Pakistan are: 
Prima, Alpha, Vekaro, Alladin, Baroka, Cardinal, Desiree, Ultimas, Multa, 
and Lala Faisal. 

Yield. The average yield ot potato is 20-25 tonnes/ha, however it de
pends upon the variety, cultural practices, and location. Hanan et al. (1987) 
reported that yield varies with location and varieties planted. They found 
Thaiassa a good yielder in Peshawar conditions (Table 14.1). Deho et a1. 
(1983) found that Multa gave better yields than other varieties in Tandojam 
conditions (Table 14.2), and Jagirdar and Jandan (1972) found that Desiree 
gave highe,r yields than other varieties in Mirpurkhas (Sindh) conditions 
(Table 14.3). 

Table 14.1 Total yield of various French potato cultivars in Peshawar region 

Cultivar 
Appalo 
Gaudia 
Gaustra 

during spring and autumn crop 
Yield, spring crop (t/ha) 

24.47 
30.41 
17.41 

Yield, autumn crop (t/ha) 
24.00 
25.00 
22.00 
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CuItivar 
Cardimil 
Eurika 
Lamia 
Lola 
Sahel 
Thalassa 

Yield, spring crop (t/ha) 
30.97 
23.30 
23.55 
30.29 
28.16 
33.93 

Yield, autumn crop (t/ha) 
21.00 
13.00 
22.00 
15.00 
18.00 
23.00 

Source: Hanan et al. (1987). 

Table 14.2 Total yield of potato varieties under Tandojam conditions 

* 

Variety Yield (t/ha)* 
Mirka 12.55 d 
Atleet 10.20 e 
Patrones 17.88 b 
Spartan 09.36 f 
Multa 22.92 a 
Bintje 13.20 c 

Values followed by different letters are significantly different from each 
other. Source: Deho, et al. (1983). 

Table 14.3 Total yield of potato varieties in Mirpurkhas conditions 
Variety Total yield (maunds/acre) 
Desiree 200.3 
Bintje 176.0 
Patrones 168.0 
AtIeet 168.0 
Ultimus 162.8 
Multa 145.4 
Dijkbuis 52-211 139.3 
Radosa 138.7 
Mentore 137.1-
Furore 130.8 
Ostara 130.7 
C.B.52-105-9 125.0 
Spartan 122.6 
Gineke 118.8 
Arka 110.8 
Alpha 108.5 
Eigenhiemer 105.2 
Sientje 100.9 

Source: Jagirdar and Jandan (1972). 
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14.1.2 Sweet potato 

Sweet potato (Ipomoea batatas) belongs to the family Convolvulaceae. It is 
nativc to tropical Amcrica where it is called camote or kumara, and now it 
is an important tropical and subtropical crop worldwide. The leaves of the 
sweet potato are quite nutritious and are eaten as a leafy vegetable. 

The major uses of the sweet potato are for human food and for the 
manufacture of starch and aleohol. It contains 16% starch and 4% sugar, 
vitamins A and C, and is a source of iron. 

Climate. The sweet potato is a tropical and subtropical crop. It requires 
warm weather and a growing season of four months and is quite susceptible 
to frost. More drought-resistant than many other vegetables, it will produce 
an adequate crop without irrigation in semiarid conditions. Annual rainfall 
of 102 cm (40") or irrigation is needed for good yic\ds. 

Soil. Well-drained sand, sandy loam, and loamy sand, with a clay or 
clay loam subsoil are considered ideal for sweet potatoes. Optimum pH 
ranges trom 5.8-6.7. Heavy and very rich soils result in too much vegetative 
growth and poor root shape. 

Manures and fertilizers. Sweet potatoes ean be grown in soils of 
varying fertility; however, heavy application of manures promotes excessive 
growth. Swcet potatoes are seldom fertilized and are often neglected in 
tropical regions. . 

Spacing. Selected tubers are planted 5-6 cm deep in well-prepared 
nursery beds at spacings of 30 cm in rows 45 cm apart. The sprouts are cut 
and planted for further growth in another nursery. Ultimately, when thc 
nursery vines reach a sufficient length, cuttings are made and planted at 
about 60 cm between rows and 30 cm within the row. The length of the 
cutting depends on the internode length since each cutting should have at 
least four nodes. Cuttings from the upper portion of the vines are preferred, 
as they produce more tuberous roots. The general practice is to bury the two 
middle nodes and expose the two extreme ones. The soil around the cuttings 
is firmly compacted, and planting should be followed immediately by irriga
tion. During thc monsoon, cuttings should bc planted when it is drizzling. 

Seed rate. Sweet potatoes are grown from sprouts or draws produced 
from tubers, and also from cuttings. To get good yields, it is advisable to 
plant selected tubers in the nursery and then propagate them by sprouts or 
vine cuttings. About 50,000-60,000 sets are required to plant one hectare. 

Planting times. Planting time varies considerably in different parts of 
Pakistan. In hilly areas, vine cuttings are planted during June and July. 
Where irrigation facilities are available earlier, planting is done in April
May, ar:d gives high yields. In the plains, planting is done during Oct-Nov. 
In some areas, both summer and winter crops are grown. Cuttings for 
summer are planted in May and June and for winter in Oct-Nov. 
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Irrigation. The plants can tolerate cOj1siderable dry weather. Water is 
normally best applied after the plants are set and before they nearly cover 
the ground. Frequent light irrigations are preferable to heavy applications 
at long intervals, but continuous moisture near the surface promotes shallow 
roots. The newly-planted crop should be irrigated on the fourth day after 
planting, and again on the eighth and ninth days. Thereafter, 10-12 irriga
tions are given at lO-day intervals. 

Varieties. Two varieties of sweet potato are commonly grown in 
Pakistan: (a) red skin with white flesh, and (b) white skin with white flesh. 
The variety with red skin and white flesh is sweet and is eaten raw as well 
as cooked or roasted. The white-fleshed variety which produces long tubers 
is cultivated commercially. 

Harvesting. Usually the crop takes 90-100 days to mature. When the 
crop matures, its leaves turn pale and later become slightty yellow. The 
enlarging tubers cause the soil to crack noticeably. If cut and exposcd ro the 
air, the surface of a mature tuber dries up quickly, while an immature tuber 
remains moist and turns dark in colour. 

Yield. Yield varies wIth variety and region. The average yield is about 
10,000-12,000 kglha. If good management practices are followed, yield can 
be increased to 18,000-20,000 kglha. 

14.2 Root crops 

Important commercial crops belonging to this group are radish, turnip, 
carrot, and beet. A number of other root vegetables, which are commercially 
less important in Pakistan, also fall in this group. They are parsnip, rutabaga, 
salsify, chervil, skirret, and celeriac. All these crops thrive well in a cool 
climate. However, a number of vfrieties of radish, turnip, amI carrot have 
been developed which grow well in a comparatively warm climate. All the 
root crops, though belonging to a number of different families, have nearly 
the same cultural requirements. 

14.2.1 Radish 

The radish (Rapahnus sativus L.) belongs to the family Cruciferae. It is 
related to cabbage and mustard, but belongs to a different genus. The fleshy 
edible portion of the root develops from both the primary root and the 
hypocotyl. It is both annual and biennial. The radish probably originated in 
central and western China and the Indo-Pakistan subcontinent. 

Radishes are a favourite crop for kitchen gardens because they are 
easily grown and are ready for use in three to six weeks after sowing. Rad
ishes are very useful as intercrops or companion plantings between rows or 
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plants of slower growth. They are grown for their t1eshy edible roots, which 
arc eaten raw, as salad, or cooked as a vegetable. They have a cooling effect, 
prevent constipation, increasG appetite, and are very tasty when roots and 
leaves arc cooked together. Radishes are recommended to patients suffering 
from piles, liver trouble, enlarged spleen, and jaundice. Radish leaves are 
cooked as leafy vegetables in different forms and are very rich in minerals 
and vitamins A and C. 

Climate. The radish is a cool-season crop, is adversely affected by hot, 
dry weather, and remains in prime condition only for a few days. Radishes 
arc heat tolerant, but to develop its flavour, texture and size, a cool season 
with temperatures from 10-15°C is required, although varieties differ in 
temperature sensitivity. To be mild, tender, and attractive, radishes must he 
grown rapidly. They are both a spring and fall crop. 

Soil. Radishes can be grown on all soil types, but they prefer soil that 
is light, rich, moist, and friable. Radishes can be grown on soils that arc not 
suitable for other root crops. They can also be grown well on fairly acidic 
soils. For early crops, sandy or sandy loam soils are hest, and for summer 
radishes a cool, moist soil gives better results. 

Manures and fertilizers. Fertile soil supplemented by well-rotted 
manure or fertilizer encourages quick growth. Fresh manure should not be 
used just before seeding. A yield of 20 t/ha removes 120 kg of N, 65 kg of 
P, and 100 kg of K. Shaikh et al. (1990a) observed that increasing N with 
K20 (160+ 200 kg/ha) progressively increased root yield (194.71 quintals/ha.) 

Seed rate and spacing. To sow one hectare, 10-12 kg of seed is re
quired, depending on the variety. For commercial planting, graded seed 
should be used so that plants come up more uniformly. Seeds are planted 
on ridges 30 cm wide, with 5-8 cm between plants. 

Sowing time. For a succession of crisp, tender roots, several plantings 
should be made at intervals of about 10 days. By the proper selection of 
varieties, radishes may be had throughout the year. In Pakistan, seeds are 
sown from August onwards. Tropical types sown later than November baIt 
early. Often another spring or summer crop of radishes is taken. In places 
where the climate is mild, radishes can be grown all year round. 

Irrigation. Frequent irrigations should be given at 10-day intervals. 
Varieties. Radish roots vary greatly in size, shape, and external colour, 

as well as the length of time they remain edible. Varieties can be divided 
broadly into two groups: European or temperate types, and Asiatic or 
tropical and subtropical types. The temperate varieties are small and mild, 
and are mostly raised for salad. 

CLASSIFICATION OF RADISH VARIETIES BY SEASON 
A. EARLY OR SPRING TYPES: comparatively mild, quick-maturing, reach 

edible maturity in 24-30 days. 
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1. round, globe, or turnip-shaped 
2. half-long, olive, or oval-shaped 
3. long 

B. SUMMER TYPES: larger and keep better than type A; mature in 30-48 
days. 
1. round 
2. long 

C. WINTER TYPES: quite pungent, large; mature in 50-60 days or more, 
planted so as to reach a desirable size in autumn. Some common varie
ties are Desi White, Shae-mai, Mino Early, and Mirpurkhas Selection. 

Bhatti et al. (1983) found that Mino Ochall and Shamura were the best 
yielders. Yousaf and Shafi (1971) observed that among different varieties, 
Burpee Red Giant, White Icicle, Burpee White, Sparkler, Scarlet Globe, and 
French Breakfast were desirable for root characters. . 

Harvesting. Harvesting starts when the roots are of edible or market
able size and are still tender. Delay in harvesting, particularly of the temper
ate types, may make the roots pithy and unsuitable for the market. Radishes 
are pulled by han~, tied in bunches of 6-12 with their tops in the field, and 
washed to remove soil and give them a fresh appearance. 

Yield. European varieties yield about 6000-8000 kglha. Asiatic types 
yield from 20,000-30,000 kglha. 

14.2.2 Carrot 

Carrot (Daucus carota L.) belongs to the family Umbelliferae. The species 
is probably native to Asia, and is now under cultivation in many countries. 
The carrot is an important vegetable because of its large yield per unit area 
throughout the world and its increasing importance as humap food. It is 
orange-yellow in colour, which adds attractiveness to foods on a plate, and 
makes it rich in carotene, a precursor of vitamin A. It contains appreciable 
quantities of thiamine and riboflavin, and is also high in sugar. It is eaten 
raw as well as cooked in curries and is used for pickles and sweetmeats. 
Black carrots are used for the preparation of a beverage called kanji, a good 
appetizer in the early summer. 

Climate. The carrot is a cool-season crop, though some tropical types 
can tolerate quite high temperatures. Colour development and root growth 
are affected by temperature. Carrots grown at 10-15°C develop poor colour. 
Those grown at 15-20°C will develop a good colour, while at 20-25°C the 
colour will be less ~bright. The highest temperatures produce the shortest 
roots, while the longest roots are produced in the range 10-15°C. The effect 
of temperature varies with soil conditions and variety. 
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Soil. Carrots prefer a loose-textured, deep, fertile, weB-drained, loamy 
soil. The land chosen should be capable of being plowed 20-30 cm deep. 
Carrots do not grow weB on highly acidic soil. The maximum yield is ex
pected around pH 6.5, and yields are extremely low at pH 2.5 or less. 

For an early crop, sandy loam is preferred; but for large yields, silt or 
silt loam is better. Market carrots are mostly grown on sandy loam and other 
fairly light soil types. Fairly rapid growth is desired, as slow-growing roots 
may be inferior in flavour, smoothness, and texture. Carrots grown for can
ning or dehydration may be sown on heavier soils since shape is less impor
tant than in roots intended for the fresh market. Heavier soil often provides 
greater fertility and water-holding capacity and higher yields are obtained. 

Manures and fertilizers. It is estimated that a yield of about 275 kglha 
removes 125 kg of K, 40 kg of N, and 22.5 kg of P from the soil. Well
rotted FYM should be applied at the rate of about 30 tonnes/ha and should 
be supplemented by NPK according to the fertility level of the soil. Bangul
zai (1990) observed that increasing the rate of Nand K20 progressively in
creased carrot yield. Shaikh et al. (1990b) found that increasing N with K
fertilizers resulted in increased yield. Leghari (1989) found that application 
of 100 kglha N, 100 kglha PzOs, and 125 kglha K20 gave a higher yield. 

Seed rate. With local varieties, the recommended seed rate ranges from 
10-15 kglha, whereas with imported varieties, it is about 10 kg/ha. More 
seed is needed for early planting than for in-time sowing. The seeds are 
planted on ridges 60 cm apart, and the field is irrigated immediately after 
planting. 

Sowing. Local varieties are planted in September and October, whereas 
imported varieties are planted in Novemoer. Late planting can be done eVl!n 
in December. If the crop is planted t;lickly, it is thinned about three to four 
weeks after sowing, and a distance of 4-6 cm between plants is maintained. 
Plant spacing is very important for the development of proper roots. 

Irrigation. Insufficient moisture will result in low yields. 
Varieties. Carrot varieties can he grouped into two types: temperate 

and tropical. The temperate types have a biennial life cycle, whereas the 
tropical types arc annual. Some of the common varieties grown are Red 
Long Lord and Mirpurkhas Selection. 

Harvesting. I;.arly carrots for the market are pulled when they are 
partially developed. They are normally dug out with a spade or a khurpa 
when the soil is fairly moist. The roots are partially graded, and all split-and 
branched roots are left in the field. Roots arc trimmed and washed before 
being sent to market. 

Yield. The tropical types usually give high yields. The yield varies from 
20,000-30,000 1cglha. 



498 Abdul Fatah Baloch 

14.2.3 Turnip 

The turnip (Brassica rapa L.) belongs to the family Cruciferae. It has also 
been classified as species compestris and var. Rapa. The turnip is probably 
of European or Asiatic origin. In hot climates, it is grown as a winter vegeta
ble; and in areas where summers are cool it is grown as a summer crop. 
Both its enlarged root and its foliage are used as salad, cooked, and pickled. 
The young tops are very rich in minerals and vitamins, particularly for their 
content of calcium and iron and'vitamins A, B, and C. 

Climate. Turnips are a cool-weather crop. They also grow in warm 
}\feather, but the best quality is produced under cool-weather conditions. 
Other climatic requirements are the same as for radishes. 

Soil. Turnips can be grown on all soil types. The best crops are pro
duced on fertile, deep, and moist sandy loam soils. Thorough preparation by 
deep ploughing is necessary. To secure high yields and quality, the soil must 
be fertile and there must be a constant supply of moisture until the roots 
have attained marketable size. 

Manures and fertilizers. FYM at 20-25 t/ha should be applied before 
the land is prepared. This should be supplemented by 35 kg of N, and 50 kg 
each of P and K before sowing the seed. Another dose of 35 kg N should 
be top-dressed when the roots just start forming. 

Spacing. Turnip seed is generally planted in rows 30-45 cm apart. Seed 
drills are used, and the seed is covered about 2-4 cm deep. The seed rate 
is about 3-4 kg/ha. 

Sowing time. The turnip is grown almost entirely from seed. Since it 
does not thrive in hot weather, in the plains the tropical types should be 
sown from August to September and the temperate types from September 
to December. In the hills, they are grown from March to May. 

Irrigation. The first irrigation is given immediately after sowing, while 
subsequent ones are at intervals of 7-8 days. In warm weather this should 
be reduced to 4-5 days. Irrigation frequency should be increased during the 
period of active root development. 

Varieties. There are generally two classes of turnips: (1) European or 
temperate. ~2) Asiatic or tropical. The temperate varieties are sweeter and 
more palatable, whereas the tropical types are more pungent and better for 
pickles, and are earlier and more heat-resistant. Temperate varieties include 
Purple Top, White Globe, Snowball, and Golden Ball. Tropical types are 
red, white, or dull-coloured. Desi Red is one such variety. 

Harvesting. Turnips are pulled when the roots reach marketable size, 
and the leaves are removed from the base. For use as greens, the plants are 
pulled or cut at the soil surface and the foliage is cooked. Young turnips are 
sometimes bunched, but most of them are topped and packed. 

Yield. Yields vary from 20,000-40,000 kg/ha. 
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14.2.4 Beet 

The beet (Beta vuLgaris L.) is a member of the ehenopodiaceae ('goose
foot') family. The garden beet, stock beet or sugar beet, and chard are 
important members. Beets probably originated in the Mediterranean region 
or in Central Europe. Beets are grown for the table, as a truck crop, and 
also for canning. They are eaten raw or cooked with other vegetables and 
with meat; and are rich in minerals, vitamin e, and sugar. Good quality 
beets have dark internal colour throughout the root, but under unfavourable 
conditions may have alternate white and coloured layers. Good colour is not 
neces~arily related to high sugar ,content, but poor colour seems regularly 
correlated with low sugar content. 

Climate. Beets are grown as a cool-weather crop. They can also be 
grown in warm weather, but the best quality beets are produced in cool 
weather. The crop is grown in September and October. Temperature affects 
maturity, and at temperatures below 10°C the crop sets seeds before reach
ing marketable size. 

Soil. Beets can be grown in all soil types but do best on moist, well
drained, deep, friable loam. Alluvial soils such as silt loam are excellent for 
commercial farms. Sandy loams are also good for the development of beet 
roots. Heavy soils are not desirable since root development is impaired and 
unsymmetrical shapes may result. Beets are very sensitive to acidic condi
tions, and if the soil is very acidic lime should be applied to bring soil pH 
to around 6.0-6.5. 

Manures and fertilizers. Well-rotted FYM at 50-60 t/ha should be 
incorporated during SOil preparation, or preferably applied to the previous 
crop. Application of fertilizers at high rates- 300 kg ammonium sulphate, 
625 kg superphosphate, and 125 kg muriate of potash-may benefit the 
crop. Half of the ammonium sulphate should be supplied as top-dressing in 
split doses, with one heavy dose when the plants are about 10 cm tall. 

One tonne of beet roots removes 2.25 kg of N, 4.5 kg of P, and 4.5 kg 
of K Thus, for an average soil the manurial recommendation is 60-70 kg/ha 
N, 100-230 kg/ha P, and 60-70 kg/ha K On sandy soils, the quantities of N 
and K should be increased. Beets have a high boron requirement; boron 
deficiency results in internal root symptoms like black spot or dry rot. 

Beets must make rapid and continuous growth to develop high quality; 
therefore a good supply of available N, P, and K is necessary. On sandy and 
sandy loam soils, manure adds both fertilizer and humus. Well-rotted ma
nure can be applied to good advantage shortly before seeding. Green crops 
are useful to improve soil texture. Heavy soils can be made more friable, 
and sandy types will hold more water if organic matter is incorporated. 

Seed rate. About 5-6 kg/ha of seeds are required. The rate depends on 
several factors such as size of planting, percentage of germination, methods 
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of seeding, and market. Beet seed may retain its viability for five to six years, 
but as a rule it is not wise to sow seed that is more than two years old. 

Irrigation. The row or furrow method of supplying water is used in 
irrigated areas, and irrigation at lO-day intervals should be given. 

Varieties. Beet varieties are classified by shape. They are flat, short, 
top-shaped, deep-oblate to round, globular to oval, half-long, and long. 

Harvesting. Bunch or body beets are harvested at a diameter of 3-4 
cm. In some areas, the beets are pulled by hand and injured or dead leaves 
removed before bunching. They are tied together in bunches of four to six 
with the tops and washed to remove any adhering soil. 

Yield. About 20,000-25,000 kglha. 

14.3 Bulb crops 

14.3.1 Onion 

The onion (Allium cepa L.) belongs to the family Amaryllidaceae. The onion 
originated in Afghanistan, the area of Tajikistan and Uzbekistan, western 
Tien Shan, and India. Western Asia and the areas around the Mediterra
nean Sea are secondary centres of development. Onions have been cultivated 
and used as a food throughout history. They are consumed in their early 
green stage and also after the bulbs mature. They are used by rich and poor 
alike, and are often called the 'poor man's food'. The onion has its own 
distinctive flavour and is used in soups, meat dishes, salads, and sandwiches, 
and is cooked alone as a vegetable. Its pungency is due to the presence of 
a volatile oil (allyl propyl disulphide). The mature bulbs contain some starch, 
appreciable quantities of sugars, some protein, and vitamins A, B, and C. 

Climate. The onion is a cool-season crop. Onions are affected by the 
length of the day, and daylength requirements of different varieties may 
differ. Therefore only acclimatised varieties should be grown. A relatively 
high temperature and a long photoperiod are essential for bulb formation 
in most of the commercial varieties grown in Pakistan. However, for seed
stalk development, temperature is more important than daylength. 

Soil. Onions are grown on nearly all types of soils, but they grow more 
successfully on fertile soils which are rich in humus and well-drained. On
ions are sensitive to high a<;idity and produce their maximum yield over a 
fairly narrow range of soil reaction; optimum pH ranges from 5.8:-6.5. 

Manures and fertilizers. Fertilizer requirements vary with soil type, 
previous fertilizer application, purpose for which the crop is grown, and 
many other factors. A yield of 30 tonnes of onions is reported to remove 
15 kg of N, 42 kg P, and 130 kg of K (Choudhry 1979). The onion, with its 
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limited root system, responds to good fertilizer practices on'almost any soil. 

Nutrients are usually applied in the form of commercial fertilizers. 

FYM at the rate of 40-50 t/ha should be added several weeks before 

planting. NPK fertilizer at the rate of 120-60-60 kg/ha is recommended. 

Half the dose of N is to be top-dressed after about a month; the rest of the 

fertilizer can be added at the time of transplanting. As Pakistani soils are 

generally rich in K, the dose of this element can safely be reduced. Baloch 

et al. (1991) conducted fertilization experiments on onions and found that 

application of 125 kg N with 75 kg K20 gave the highest yield (Table 14.4). 

Table 14.4 Onion yield as affected by different nitrogen and potassium 

fertilizer combination levels 

Treatment: N + KzO (kg/ha) 

75 + 75 
75 + 100 

100 + 75 
100 + 100 
125 + 75 
125 + 100 

Source: Baloch et al. (1991). 

Yield per hectare (tonnes) 

13.67 
13.93 
17.19 
16.93 
22.66 
22.40 

Mangrio et al. (1987) reported that application of 100 kg P20s/ha gave a 

higher yield than 70 kg P20s/ha, and that Kp fertilizer did not show any 

significant effect on bulb yield of onions. Shaikh et al. (1987b) found that 

application of 90 kg N/ha increased the yield of bulbs. Rehman et al. (1978) 

reported that a higher rate of N with an optimum dose of K increases onion 

yield. The highest yields were obtained from plants receiving N at 56, P20 S 

at 67, and K20 at 67 kg/ha. 
Spacing. Onion seedlings are transplanted onto ridges, which should 

be made about 60 cm apart. Seedlings are transplanted to both sides of the 

ridges at a distance of 10-15 cm between piants. Khushk et al. (1990) report 

that spacing of 20 cm between rows and 10 cm between plants gave good 

yields. Mangrio and Baloch (1985) suggest that a plant population ranging 

from 50-62 plants/m2 appears to give the maximum yield. Mangrio and 

Bozdar (1985) observe that with increasing plant density the number of 

onion bulbs increases but the verticill and horizontal dimensions and weight 

of each bulb decrease. Rashid and Rashid (1978) reported that bulb size and 

weight increased with increasing inter and intra-row spacings, but total bulb 

yield was higher with closer spacing. 

Seed rate. The seed rate depends upon the purpose for which planting 

is done and the distance intended between rows. In nursery, seed is sown at 

the rate of about 8-10 kg/ha. For direct sowing, about 25 kg/ha of seed are 
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used, and when the plants arc 6-8 weeks old, they are thinned to a proper 
distance. When bulbs arc sown, abQut 1000-1200 kglha are needed. They are 
dibbled 15 cm apart in rows 45 cm apart. 

Irrigation. The correct timing of irrigation is important. Soil, both 
surface and subsoil, current weather conditions, and age of the crop need to 
he considered in deciding when to irrigate and how much water to use. A 
seedhcd is usually irrigated immediately before transplanting. The moisture 
content of the soil should be kept optimum. Irrigation after a dry spell may 
cause the outer scales to split. In such situations, the farmer must decide 
what to do based on the condition of the crop. If it has reached marketable 
size, it should he harvested; but if it is not ready to market, then irrigation 
is the solution. Irrigation is stopped when the tops mature and start falling. 

Varieties. The commelcial varieties of onion grown in Pakistan are 
Faisalabad Early, Pindi Red, Ghotki, Local White, Phulkara, Thanobola 
Khan, Red Nasik, and Desi Red. 

Planting time. Planting time varies with locality, type of onion, and 
method of propagation. For early planting, seedlings are raised between 
June and September and transplanted from July to October. In the plains 
of Pakistan, for the winter crop, seeds are sown from the middle of October 
to the end of November. In December and early January, when the seedlings 
reach the age of 8-10 weeks, they are transplanted. For spring onions, seeds 
arc sown earlier. In the hills, the seeds are sown from March to June. 

Harvesting. Onions may be harvested either as green bunch onions or 
as mature ripe bulbs. Green bunch onions are harvested when they are 
about the diameter of a lead pencil and a small bulb has formed. A well
matured, ripe bulb is firm and has the shape and colour typical of the 
variety. Maturity is indicated by the tops dropping just above the bulb while 
the leaves are still green. Mature bulbs can be pulled out easily by hand if 
the soil is not hard or compact; otherwise they can be dug out with a shovel. 

Yield. A yield of 25-30 t/ha has been recorded. 

14.3.2 Garlic 

Garlic (Allium sativum L.) belongs to the family Alliaceae. It has compound 
bulbs containing 10-16 cloves enclosed by a thin membranous sheath. 

Garlic is native to southern Europe and western Asia; it is an ancient 
crop highly valued as a seasoning. It is eaten daily by thousands of people 
in food products like soups and pickles, and is used as a spice or condiment 
throughout Pakistan. Garlic salt is also made from pulverized dehydrated 
garlic. It has a higher nutritive value than other bulb crops and its prepara
tions are administered as cures for some lingering stomach diseases, sore 
eyes, and earache. It reduces the level of cholesterol in the blood, and is 
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recommended for heart patients. Also, it contains a considerable amount of 
calcium, phosphorus, and vitamin C. 

Climate. GeneraJly, garlic also grows weJl in places where onions are 
grown; but it performs better where summer and winter temperatures are 
moderate. In Pakistan, it is usuaJly grown as a cool-season crop. Long days 
are considered better for the growth of quality cloves. 

Soil. Soil requirements are the same as for onions except that garlic 
needs a richer soil. It thrives on fertile, weJl-drained, loamy soils - friable 
sandy loam weJl supplied with organic matter. Heavy clay soils may result 
in poor bulb shape and make harvesting difficult. 

Manures and fertilizers. The cultivation, fertilization, manuring, and 
general care of garlic are about the same as for onions. The mainfertiliza 
requirement is for N, which should be about 125-150 kglha, applied in two 
doses for best results. Korejo (1983) reported that application of 60 kg/ha 
of N is an appropriate dose for getting good yields of garlic. 

Spacing and' seed rate. Garlic is propagated by planting good cloves 
which are detached individually from the mother bulb. 'Cloves arc planted 
singly, dibbled 7.5 cm apart and 2.5 cm deep in rows spaced 15-20 cm apart. 
About 400-500 kglha is sufficient. The cloves must not be planted so deep 
that the soil checks their swelling nor so shallow that they get washed out. 

Planting time. The crop is planted from Sept-Nov in the plains. 
Irrigation. Frequent irrigation is required for good devclopment of the 

cloves. In order to get good-sized cloves, earthing-up is also necessary. 
Irrigation should be stopped when the leaves start withering. 

Varieties. Faisalabad White, Lahsan Gulabi, and Lahsan Purple arc 
commonly grown. Lashari (1984) found tbat the purple variety was superior 
to al1 varieties in per hectare yield. 

Harvesting. Garlic is ready for harvesting when the tops turn brownish 
or yellowish and dry up. The plants are pulled by hand after loosening the 
soil, and placed in the field to dry for a week or more. After this, the tops 
and roots are removed by hand with sickles. The top is cut about 2.5 cm 
above the hulb and the roots are trimmed close to the bulb. When they arc 
completely dry the bulbs are packed. 

Yield. The yield varies from 4,000-10,000 kglha depending on the soil, 
variety, and care tak~n. 

14.4 Leafy vegetables (potherbs or greens) 

Leaty vegetables are generally grown for their tender, edible foliage. The 
importance of green leaty vegetables in the diet has long been recognized 
he cause they are very rich in minerals and vitamins A and C. They also 
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supply needed roughage in the daily diet. Nutritionists recommend daily 
consumption of at least 116 g of leafy vegetables. 

A variety of greens are cultivated in Pakistan. The leaves of certain 
plants which grow wild are also used as vegetables. ,Some vegetables like 
cabbage, Chinese cabbage, and kale, usually considered in other groups, are 
in fact green leafy vegetables. The leaves of some shrubs and trees are also 
used as potherbs or greens. The leafy vegetables are grown throughout the 
year, arid their culture is relatively simple. Spinach, lettuce, fenugreek, and 
mustard are suitable for growing during winter. Others like amaranth and 
purslane can be grown during the summer. 

14.4.1 Spinach 

Spinach (Spinacia oleracea L.) belongs to the family Chenopodiaceae.1t was 
first cultivated by the Arabs, and probably originated in southwest Asia. The 
Moors (Berbers and Musnms of Arab descent) took it to Spain from where 
it spread throughout the world. Spinach is an annual dioecious plan't. It 
grows rapidly, especially in spells of dry weathcr with bright sunshine, and 
has a tendency to go to seed quickly. 

The leaves are rounded, broad, and fairly thick, with a large amount of 
parenchymatous tissue. The plant has an upright growth habit, its height 
reaching about a metre at flowering, depending on the variety. The edible 
portion of the winter type is the leaf, and both the leaves and shoots of the 
summer types are eaten. 

Spinach is rich in vitamin A, contains appreciable ascorbic acid and 
riboflavin, and has a small quantity of thiamine. It also contains iron and 
calcium, but the calcium is unavailable because it unites with oxalic acid to 
form calcium oxalate. 

Climate. Spinach thrives during relatively cool weather and withstands 
freezing better than most vegetable crops; it does not do well during hot 
weather. It is sown several times a year. In regions with a mild winter, the 
crop is grown mostly during winter and early spring, while in other regions 
it is grown both as a spring and a fall crop. In the plains, the main crop is 
sown from September to November, and in the hills from March to May. 

Soil. Spinach can be grown on all type of soils, with clay loam soils 
considered especially suitable. It also tolerates slightly alkaline soils. Deep 
cultivation and thorough preparation of the soil are essential. Good drainage 
is important for healthy leaves. Weed-infested soils should be avoided. 

Manures and fertilizers. Spinach should be fertilized with 20-30 t/ha 
of FYM, well mixed with the soil one month before sowing. For leafy 
growth, N-fertiIizer is the first requirement. A top-<iressing of about 
20 kg/ha of N after every cutting gives a quick growth of tender, green, 
succulent leaves. • 
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Spacing and seed rate. Generally spinach is sown by broadcasting in 

thoroughly prepared soil. The seed should be evenly sown at about 20-25 

kglha. It is, however, better to sow the seed in rows about 15-20 cm apart. 

This facilitates weeding in the earlier stages of growth. At some places it is 

grown on ridges 30-45 cm apart. For early planting, ridges are made; normal 

planting is done on flat beds. Good quality seed produces tender, high

quality leaves, good and quick rejuvenation after each cutting, and late 

appearance of the seed stalk. 
Irrigation. Abundant moisture is needed to produce dense growth. 

Besides irrigation immediately after sowing, irrigation should be continued 

at 8-10 day intervals. 
Varieties. Local or desi palak, English paIak, and Kandiari varie ties are 

commercially grown in Pakistan. 
Harvesting. The leaves are picked or cut from the base when they are 

15-30 cm long. The crop is ready for a first cutting within six to eight weeks. 

The larger leaves are selected as they develop, emphasizing tenderness and 

succulence. The leaves should be plucked so that the plant is not injured. 

Three to four cuttings are taken. . 

Yield. The average yield during the best season is about 8,000-10,000 

kglha of green leaves. 

14.4.2 Fenugreek 

Fenugreek (Trigonella foenumgraecum L.) belongs to the family Legumino

seae. Fenugreek is considered to be native to eastern Europe and Ethiopia. 

The green leaves are used as a vegetable and are quite rich in protein, 

minerals, and vitamin C. The seeds and dry leaves are used for flavouring 

stews and curries. It also has some medicinal value and is used to prevent 

constipation, relieve indigestion, 'stimulate the spleen and liver, and as a 

diuretic. Fenugreek is groWn all over Pakistan for its green leaves and seeds. 

Generally two varieties, local and Kasuri, are cultivated. 

Climate. Fenugreek is a cool-season crop; it is fairly frost-tolerant and 

moderately heat-tolerant, but good quality leaves are produced at low tem

peratures. 
Soil, manures, and fertilizers. Soil requirements are about the same as 

for spinach. About 8-10 tonnes of FYM should be mixeJ thoroughly with 

the soil one month prior to sowing. A top-dressing of N at the rate of 50 

kglha should be given after every cutting. 

Spacing and seed rate. About 20 kg/ha of local and 15 kg/ha of Kasuri 

fenugreek seed are required. The seed is sown in rows 20-25 cm apart. It 

must be free of contaminating seeds of weeds or other varieties. 

Irrigation. Frequent irrigation is necessary for quick growth. Ample 

rr,oisture in the soil keeps the plants succulent and mak,~s more cuttings 
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possible. During summer the crop should be irrigated every week, whereas 
in winter irrigation should be given every fortnight. 

Harvesting. The crop takes about six to eight weeks from sowing to the 
first cutting, which is made when the plants are up to 18 cm tall. The plants 
are cut 2 cm above the ground, leaving the slabs, which produce new stalks 
which are then cut in turn. 

Yield. Yield varies·according to the variety. Local fenugret:k may give 
a yield of 7000-8000 kglha, whereas Kasuri fenugreek gives a higher yield 
of about 9000-10,000 kglha. 

14.4.3 Amaranth 

Amaranth (Amaranthus tric%r L.), local name chall/ai, belongs to the family 
Amaranthaceae. There are about six different cultivated species: A. bltfllm 
andA. tric%r, which are known as Amaranth a.ld badi chaulai, respectively; 
A. calldatlls which is grown for seed; andA. mangostanus,A. iividus, andA. 
dubius which are grown on a smaller scale for green leaves. 

The amaranth is considered to be :J.ative to the Indo-Pakistan subconti
nent and occurs wild or as a weed in fields. It reaches the market when 
other greens are scarce. The tender leaves and shoots are a good source of 
proteins, iron and other minerals, and vitamins A, B, and C. This is the most 
common leafy vegetable grown during summer in Pakistan. Amaranth chau
lai is suitable for sowing in spring and gives green leaves throughout the 
summer. The plants are dwarf with small leaves, and rejuvenate quickly after 
each cutting. The plants of badi chau/at are tall with thick stems and large 
leaves. This type can be grown in the summer as well as in the rainy season. 

Climate. Amaranth is warm-season crop and grows best in the rainy 
season. It is also grown on medium elevations. 

Soil, manures, and fertilizers. A moderately fertile and well-drained 
soil is preferable for amaranth. Manure and fertilizer requirements are the 
same as for other leafy vegetables. 

Spacing and seed rate. Spacing at about 20-25 cm is the same as for 
fenugreek. About 2-3 kglha good quality seed is required. 

Irrigation. Irrigation is the same as for other leafy vegetables. 
Varieties. Green and red-leaved varieties are commercially grown "in 

various parts of the country; the green types are more common than the red. 
Harvesting. Cutting of the le(lves starts when the plants are 25-30 cm 

tall.. Only the fully-grown side leaves are removed. The tops of the plants 
may also be cut, leaving the lower leaves to produce new shoots in their 
axils. Picking is continued once a week. 

Yield. The average yield is about 6000-7000 kglha. 
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14.4.4 Lettuce 

Lettuce (Lactuca sativa L.) belongs to the family Compositae. Originating 

around Asia Minor, Iran, and\ Turkey, lettuce has been used as a salad crop 

for more than 2500 years. In Pakistan, cultivation of lettuce is limited to the 

large cities. Rich in minerals and vitamins, it is commonly used as a salad. 

Climate. Lettuce prefers a relatively cool growing season with average 

monthly temperatures of 12-15°C. At high temperatures it bolts to seed, the 

leaves become bitter, and the jdevelopment of tip burn and rot is accelerated. 

Head lettuce rots in hot hUlnid weather. Lettuce seed does not germinate 

properly when the soil temperature is above 30°C. 

Soil, manures, and fertilizers. The crop can be grown successfu)ly on 

many soils, but sandy loams and loams are best. The plants must grow 

rapidly.and without check; hence heavy manuring is needed. Usually 10-15 

tonnes of FYM and fertilizers to supply 100 kg/ha of Nand 60 kg/ha each 

of P and K are applied. 
Spacing and seed rate. Lettuce is grown from seed; the seedlings are 

transplanted when they are four weeks old. They are planted at a distance 

of 25-30 cm in rows 45-60 cm apart. About 2-3 kg/ha of seed is required. 

Irrigation. Water should be supplied to keep soil moisture conditions 

uniform. An irrigation frequency of 5-7 days may be enough. Drainage is as 

important as irrigation since an ex..;ess of soil moisture may cause rotting. 

Varieties. The seed of various types of lettuce are usually imported 

from the USA and Europe. Lettuces fall into head and leafy varieties. Leafy 

varieties are (i) crisp with crumpled leaves, or (ii) buttery with soft smooth 

leaves. Memon (1991) observed that the varieties Red Sails, Salad Bibb, and 

Butter Crunch give yields of 6121, 5493, and 5388 kg/ha, respectively. 

Harvesting. The crop is gathered as soon as plants attain an acceptable 

size, or alternate plants are removed for use while thinning. The leaves 

should not be allowed to become tough. Harvesting should be done in the 

morning and produce must be sent to market immediately. 

Yield. Average yields of head lettuce range from 9000-10,000 kg/ha; the 

leafy varieties give relatively higher yields. 

14.4.5 Purslane 

Purslane (Portulaca oleracea L.) belongs to the family Portulaceae.Portulaca 

includes 100 or more herbaceous species, found throughout the warmer 

parts of the world. The plant grows wild in most parts of the tropics, some

times as a weed, but the cultivated types differ greatly from their wild rela

tives in flavour as well as size. 
Purslane is grown widely in arid regions for its succulent leaves. The im

proved types have broad leaves and erect shoots under thick planting. Gen

erally sown in early spring, purslane will grow in the hottest climates, and 
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often provides the only green vegetable after others have succumbed to heft. 
Unimproved types are often creepers with small succulent, fleshy leaves ~d 
tender stems which can be cooked separately as well as with meat, gram, or 
pulse. Purslane is a source of vitamin C. Calcium oxalate crystals are com
monly laid down in the leaves and stems. 

The succulent branches are cut when they reach 15-20 cm in length. 
The crop is ready for the first cutting about a month after sowing. The fruit, 
a small, almost spherical capsule which splits transversely when mature, con
tains small black or dark-brown seeds with an oily feeling skin. 

Climate. Purslane is a hot-weather crop which requires a warm climate 
for good leafy growth. 

Soil, manures, and fertilizers. The plant grows wild as a weed and is 
also cultivated on moderately fertile soils. The land is ploughed thoroughly 
two to four times before the seeds are sown. A hasal dressing of 12-15 t/ha 
of bulky manure is given. 

Seed rate and sowing. In the plains, March to June is the common 
sowing season, while in the hills April-September is normal. Seed at the rate 
of 2.5-4 kgiha is mixed with sand, then broadcast in beds, and raked to 
cover. The beds are then watered. Sowing is done fortnightly. 

Irrigation. Irrigation is light; except for a few weekly irrigations at the 
beginning, watering is done only if necessary. 

Varieties. There are no identified commercial varieties of purslane. 
However, some local flowering varieties are under cultivation in Hyderabad. 

Harvesting. The crop is pulled about eight weeks after sowing. The 
leaves are bundled, packed, and sent to the market immediately. 

Yield. lbe yield is about 7500 kgiha. 

14.,5 Solanaceous fruits 

14.5.1 Tomato 

The tomato (Lycopersicon esculentum) belongs to the Solanaceae (night
shade) family. It is native to tropical America where its indigenous name 
was tomati. From Mexico the tomato was taken to Europe and then to Asia. 
An important vegetable crop, it is grown in most home gardens and by 
market gardeners and truck farmers. It is also produced by forcing in green
houses. It can be eaten either fresh or processed into many different prod
ucts. It plays a vital role in maintaining health and vigour. Conn and Stumph 
(1970) reported that tomatoes are very helpful in healing wounds because 
of the antibiotic properties found in the ripe fruit. It is a good source of 
vitamins A, B, and C. 
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Climate. The tomato is a warm-season crop which needs a Ielatively 
long season to produce profitable yields. It requires 80-120 days from seed
ing to bearing, depending on type. Low temperatures without actual freezing 
inhibit fruiting. During heat and drought iml,I1ature tomato blossoms drop 
rapidly due to increased transpiration. Fruit setting may not occur if the 
temperature is too high or too low at pollination. Comparatively cool nights 
with temperatures of IS-20°C and warm day temperatures between 25 and 
30°C are best for optimum yields. Most tomatoes do not produce fruit when 
night and day temperatures exceed 25° and 35°C, respectively. The most 
difficult period for growing tomatoes in the plains is from mid-May to June 
when the day and night temperatures are very high, and during the monsoon 
season when there is rapid development of insects, diseases, and weeds. 

Soil. Tomatoes can be grown on almost all soil types from sandy to 
heavy clay, at a pH range between 5.5 and 7.5. For an early crop, sandy 
loam is considered best. Loam, clay loam, and silt loam containing adequate 
organic matter give the highest yields. 

Manures and fertilizers. The tomato plant requires large qu:mtities of 
readily available plant foods. The use of manures and commercial fertilizers 
varies with locality and soil. A yield of 16,000 kg of tomatoes removes 50 kg 
of N, 16 kg of P, and 65 kg of K from the soil. For a good yield, 20-25 t!ha 
of well-rotted FYM should be incorporated in the soil at the time of prepa
ration. About 80 kg/ha P and 40 kg/ha K should be applied at the time of 
transplanting. 100 kg/ha N should be applied in three splits. 

Baloch et al. (1988) found that application of 100 kg/ha of K20 resulted 
in the maximum yield. Rahim and Amjad (1985) conducted trials of fertilizer 
application to different varieties and found that fertilizer treatment of 101 
kg/ha of N, and 67 kg/ha of P20 S gave ·the highest yield. The Pakistan 
Agricultural Research Council (PARC) has recommended broadcast applica
tion of fertilizer before transplanting of 100 kg/ha N, 150 kg/ha P20 S' and 
60 kg/ha K20. For optimum yields, the full quantity of P 20S' and half of the 
N and the K20 should be applied before transplanting the seedlings; the 
remaining half of the Nand K20 should be given 6-8 weeks after trans
planting. Ginai (1970) observed that application of 56-57 kg/ha N, 112-168 
kg/ha P20 S' and 112-168 kg/ha K20 resulted in higher yields. 

Spacing and seed rate. High quality, true-ta-type seed should be used 
in order to obtain high yields and a uniform crop. About 500-600 g/ha of 
seed is enough. Channels should be prepared 1.0-1.5 m apart for transplant
ing the seedlings. Tomato seedlings are transplanted on both the sides of the 
channels at a plant-ta-plant distance of 60 cm. 

Time and method of sowing. The time of sowing is largely determined 
by when it is desired to transplant the seedlings to the field. Plants are 
usually started in specially prepared nursery seedbeds, several weeks ahead 
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of transplanting time. In the plains, the times for seeding for raising nursery 
and for transplanting seedlings to the field are as follows. 

Time of seeding for nursery 
Seed planted in July/August 
Seed planted in September 
Seed planted in November 

Time of transplanting 
August/September 
October 
February/March 

In the high hills, where tomato is grown as a summer crop, seed is 
planted for raising nursery in March-April and the seedlings are usually 
transplanted in May-June. 

Irrigation. The water requirement of tomatoes depends on the soil and 
climatic conditions of the particular area. During the warmer season, irriga
tion may be needed as often as every 5-6 days on sandy soils, and at 10-12 
day intervals on heavier soils. 

When the temperature is very high, weekly irrigation should be given. 
During cold periods, fortnightly irrigation is needed to ensure fruit setting 
and maturation. A period of drought followed by sudden heavy watering 
during fruit development may cause the fruit to crack. The tomato plant is 
susceptible to 'wet feet', therefore production areas should be well drained. 

Varieties. Some local varieties grown are Lyallpur Selection I and 
Peshawar Long. All the cultivars commercially grown in the country have 
been introduced from abroad, mainly from Europe and America. The princi
pal cultivars grown are T-lO, Money Maker, Roma, Red Top, and Mar
globe. In choosing cultivars for tomato production, the following points 
should be kept in mind: (1) whether the crop is grown for home consump
tion or for general marketing; (2) length of the growing season; (3) yield; (4) 
suscertihiiity to diseases; and (5) ability to withstand handling during trans
porta tion. 

Harvesting. The fruit can be picked every three days. Fruit should be 
picked when they have just started changing colour. The stage of maturity 
at which tomatoes are picked depends on the purpose for which they are 
grown and the distance over which they are to be transported. Immature 
green, mature green, turning half-ripe or pink, and ripe are some of the 
recognized stages. 

Yield. ·The yield varies from 20,000-24,000 kg/ha. 

14.5.2 Chill 

Chilies (Cflpsicum annum L., Capsicum frutescens L.) belong to the family 
Solanaceae. Olltivated chilies are of American origin, and have been discov
ered in the prehistoric remains of Peru. Columbus carried seeds from Amer
ica to Spain in 1493, and the cultivation of chilies spread rapidly to other 
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parts of Europe. They were probably introduced to the Indo-Pakistan sub
continent by the Portuguese in the middle of the 17th century, where some 
types established themselves so quickly that some botanists believed that 
chilies had their origin in the East. However, the word chili strongly suggests 
its importation from South America. In Pakistan, chilies are cultivated on 
a large scale as a cash crop. 

Chilies are rich in vitamins, especially vitamins A and C, and also 
contain appreciable amounts of calcium, phosphorus, and iron. The hot 
types are a source of the digestive stimulant capsaicin. 

Climate. Chilies thrive best in warm climates with a long, warm grow
ing season where there is little danger of injury due to frost. The crop takes 
120-\50 days to mature. 

Chilies have a wide range of cultivation, being grown urtder both tropi
cal and subtropical conditions. The plant grows over a wide range of eleva
tion, from sea level to 2000 m. It thrives in areas having moderate (60-120 
cm) rainfall. Heavier rainfall during the growing season is not favourable as 
it leads to rotting; however, the crop can even be grown under such condi
tions if it is planted after the heavy rains. 

The crop is irrigate9 in low-rainfall areas and when grown as a hot
weather crop. In general, chilies require a temperature of 20-25°C. Unfa
vourable temperature and water supply are the main causes of bud, blossom, 
and fruit drops. 

Soil. Chilies grow best on well-drained silt or clay loam. Waterlogged 
and alkali soil are not suitable. 

Manures and fertilizer. Fertilizer regimes for chilies are similar to 
those for tomatoes. Khan et al. (1982) observed that application of N, alone 
or in combination with P, resulted in increased yield of peppers. Baloch et 
al. (1989) observed that high doses of P20S and K20 significantly increased 
the dry fruit yield of chilies. They further found that application of 12.5 kg 
each of P20S and K20, along with the application of a basic dose of 12.5 g 
N per plant, seems to be a better manurial programme for getting high 
yields from chilies. 

Spacing and seed rate. About 1.50-2.0 kg seed is required to plant one 
hectare, depending on the varieties. The seedlings are transplanted when 
they are about 4-8 weeks old. They are planted 30'cm apart on the sides of 
ridges, which should be prepared at a distance of 60 cm apart. 

Sowing time. Chili seeds are sown in nursery beds in February, March, 
and April for a summer crop, in August for an autumn-winter crop, and in 
November for the spring-summer crop. In the hills, seeds are sown in 
March-April. 

Irrigation. Irrigation should be done in the same way as for tomatoes. 
Varieties. The varieties of chilies fall into three groups: (1) long 

pungent types, including pickling types; (2) bell-shaped, mild thick-fleshed 
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types used as vegetables, commonly known as sweet peppers or Simla ki 
mirch; and (3) small, round varieties shaped like jujubes (ber). Common 
varieties grown are: 

Group 1 Talhari and Ghotki 
Group 2 Sanam and Gola Peshawari 
Group 3 Lawangi, Tatapuri, and Burewala 
Harvesting. The stage of maturity at which chilies are picked depends 

on the type and the purpose for which they are grown. Chilies which are 
used as vegetables are generally picked while they are fully grown but still 
green. Those used for pickles are picked either green or ripe; and chilies 
used for drying are picked when red and fully ripe. 

Yield. Normally; the yield of fresh .green chilies is three to four times 
that of dry chiIies. Yields of 1500-2500 kg/ha have been obtal'ned. 

14.5.3 Brinjal or eggplant 

The brinjal (Solanum melongena L.) belongs to the family Solanaceae (night
shade). It is one of the most common vegetable crops grown in Pakistan, 
and is probably native to India. It has been under cultivation in the subconti
nent since ancient times and is available in the market year-round. Brinjal 
is considered a staple vegetable. It contains vitamins A and B, and its nutri
tive value varies in different varieties. The brinjal has Ayurvedic medicinal 
properties, and white brinjal is said to be good for diabetic patients. 

Climate. Brinjal is a tender plant that requires a long, warm growing 
season for successful production. It is killed by severe frost, and a long spell 
of chilly frost-fn:e weather may also damage the crop. The late varieties, 
however, withstand mild frost. A daily mean temperature of 13-21°C is most 
favourable for sut:ccsstul production. ' 

Soil. Fertile and well-drained soils are desirable for brinjal cultivation. 
It can be grown on different kinds of soil, but does best on silt loams or clay 
loams. With a short growing season, a sandy or sandy loam soil is preferable 
to a heavier one since lighter soils warm up earlier in the spring. 

Manures and fertilizers. If the soil is not naturally fertile manures and 
fertilizers should be added. Land preparation depends on the type of soil 
and the previous crop. FYM at the rate of 20-25 tlha should be incorporat
ed at the time of soil preparation. This should be supplemented with about 
100 kglha N, 50 kglha P, and 50 kglha K. 

Seed rate, sowing, and timing. About 1-2 kg of seed is sufficient to 
plant a hectare. The seeds are sown in raised nursery beds 6-12 mm deep 
in rows 5 cm apart. The bottom few centimetres of the nursery bed sho·uld 
have small chips and sand to allow good drainage. When they are four to six 
weeks old, the seedlings are transplanted, at a distance of 60 x 45 cm apart. 
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The main seasons for sowing brinjals are: 

1. Autumn-winter crop: Seed is sown in June and seedlings transplanted 
in July. 

2. Spring-winter crop: Seed is sown in early November and the seedlings 
transplanted during January and early February. The nursery bed should 
be protected from frost. 

3. Rainy-season crop: Seed is sown in March and seedlings transplanted 
in April. 

To get brinjals round the year, sowing is done in September or early Octo
ber and the seedlings are transplanted in November. Special care should be 
taken to protect this crop from frost. In the hilly areas, however, the seed 
is sown in April and the seedlings are transplanted in May. 

Irrigation. Transplanting is done in standing water. The first irrigation 
should be given four days after transplanting. In summer, weekly irrigation 
is necessary and should be given well in time. In winter, however, fortnightly 
irrigation is preferable. 

Harvesting. The brinjal can be eaten from the time it is one-third 
grown until it is fully ripe. The fruit is harvested before it is fully ripe, but 
it should be well-coloured. When fully ripened on the plant, the fruit be
comes greenish bronze, the flesh becomes dry and tough, and the seed gets 
hard. Harvesting is done by cutting with a knife or plucking by hand. 

Varieties. The commercial varieties under cultivation are of two types, 
classified according to the shape of the fruit. One group includes round, 
medium or large size fruits, and the second includes the long, thin fruits. 
Common local varieties are Neelum, White Egg, Mirpurkhas Selection, 
Multan Selection, and Sarhandi Long. Common imported varieties are Black 
Beauty, Black King, and Pusa Purple Long. 

Yield. The average yield varies from 22,000-25,000 kg/ha. 

14.6 Cole crops 

All col~ crops are hardy and thrive in cool weather. The group includes 
cabbage, cauliflower, knol-khol, broccoli, Brussels sprouts, and Chinese 
cabbage. All crops of this group have developed from the sea or wild cliff 
cabbage (Brassica oleracea) known as coleworts, from which the name cole 
derives. Cultural requirements for all the crops in this group are similar. 
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14.6.1 Cauliflower 

The cauliflower (Brassica oleracea L. var. Botrytis) belongs to the family 
Cruciferae. Cauliflower (Latin caulis 'cabbage' and floris 'flower') probably 
originated in Cyprus. It is grown for its tender, white head or curd. It is used 
in curries and soups; and for pickles. It is rich in minerals, carbohydrates, 
and vitamins A and C. 

Climate. Cauliflower is a delicate crop and can be damaged by freezing 
weather near harvesting. Moderately cool weather and a uniformly good 
supply of soil moisture are essential. C~uliflower produces the best curds in 
a cool, moist climate, but is damaged by snow. In the plains it is available 
from September to May. The plants may fail to form desirable heads in dry, 
hot weather, which causes the heads to develop prematurely and bolt or 
button. However, there are varieties which can withstand quite high temper
atures. The optimum monthly temperature for curd formation is 15-20°C, 

'with an average maximum of 25°C and average minimum of 8°C. The early 
varieties require higher temperatures and longer daylengths. A late type 
cauliflower is commonly called heading broccoli. 

Soil, manures, and fertilizers. Cauliflower can be grown on any good, 
well-drained soil, but a fairly deep loamy soil is desired. Sandy loams and 
silt loams are best. Cauliflower is sensitive to high acidity and grows best on 
a neutral to slightly acid soil, pH 6.0-6.8. A liberal quantity of manure is 
highly desirable, and well-rotted manure can be used with great freedom as 
a fertilizer for cauliflower. Cauliflower removes large quantities of major 
nutrients from the soil. A yield of 50 t/ha removes approximately 220 kg of 
N, 85 kg of P, and 270 kg of K. About 15-20 t/ha of FYM with 120 kg/ha 
N, 80 kg/ha P, and 40 kg/ha K should be applied just before transplanting. 
Bukhari and Shahani (1983) suggested that application of 112 kg/ha N in 
combination with FYM was the best treatment for obtaining a high yield. 
Rizvi and Jagirdar (1967) also concluded that nitrogenous fertilizer in addi
tion to organic manures helped produce a good yield. 

Seed rate, transplanting, and spacing. For an early crop, 600-750 g 
and for a late crop 350-400 g of seeds are required for one hectare. In the 
seedbed, the seedlings often suffer from damping off. Poor seed is a fre
quent cause of failure. Four to six-week-old seedlings are transplanted into 
a welI prepared field. The planting distance depends on soil fertility, season, 
variety, and market demand. For early varieties, 45 cm and for late varieties 
60 cm spacing is maintained both between plants and between rows. In some 
markets, small to medium-sized curds are preferred to large ones. When 
growing cauliflower for such markets, closer spacing should be used. 

Irrigation. Cauliflower is a shallow-rooted crop and most of its roots 
are within 45-60 cm of the surface. After transplanting, an early crop will 
probably need irrigation twice a week and a late crop once a week. Watering 
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immediately after planting is usually helpful, especially in warm, sunny 
weather when the plants soon droop. When the heads begin to form, weekly 
irrigation is wise. 

Varieties. Some of the common varieties grown in different parts of 
. Pakistan are Agati, Faisalabad, Local Early, Cheen-ka-Moti,Sadiqabad, and 
Mirpurkhas-Ka-Moti. Apart from these cultivars, some foreign varieties are 
also imported for cultivation. 

Harvesting. The heads are harvested when they attain proper size and 
condition, i.e. before they become ripe, discoloured, or are otherwise blem
ished. It is bcrtter to cut a little early than too late. The heads do not all 
develop uniformly, and so a number of cuttings are necessary. Medium-sized 
heads (15-20 cm diameter) are in greatest demand. The curds are harvested 
retaining part of the stems so that the stub thus left protects the curds 
during transport. 

Yield. Yield varies with variety ~nd planting date. An average of 
20-30 t/ha is common. Early crops give low and mid-season crops higher 
yields. Miano et a1. (1990) conducted varietal trials and found that different 
varieties of cauliflower give highly significant variation in yield per hectare. 

14.6.2 Cabbage 

Cabbage (Brassica oleracea L. var. Capitata) belongs to the family Cruci
ferae. Possibly originating in Europe (Greece or Italy) about 2000-2500 
B.c., it has long been an important vegetable in the USA and Europe, but 
its introduction to the Indo-Pakistan subcontinent is relatively recent. Cab
bage is a biennial crop, grown for its enlarged, edible, terminal buds. Most 
commercial varieties produce more or less round heads, with slightly tighten
ed, folded leaves. Cabbage is rich in minerals and in vitamins A, Bt, B2, and 
C. It has a cooling effect, increases appetite, aids digestion, helps prevent 
constipation, and is good for diabetics. Cabbage is used for cooking, salad, 
and pickling. 

Climate. A eool-season crop, cabbage grows well in cool, moist cli
mates, and tolerates frost and extreme cold better than cauliflower. In the 
plains, cabbage can be grown from October to January. In the hills, it is 
grown as a spring and early summer crop. 

Soil. Cabbage can be grown in all types of soil, but sandy loam gives 
the heaviest yields. It does poorly in highly acidic soils, and should not be 
grown in soils with pH lower than 5.5 or higher than 6.5. 

Manures and fertilizers. Cabbage is a shallow-rooted crop and is a 
heavy feeder. A 50 t/ha yield removes 220 kg of N, tOO kg of P, and 220 kg 
of K. For a good crop, 15-20 tonnes of FYM before transplanting, and 
about 160 ~a N, 120 ~a P, and 60 kg/ha K should be applied. 
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Seed rate, transplanting, and spacing. About 1-1.5 kg seed yields 
enough seedlings for one hectare. The method of raising seedlings and 
transplanting is the same as for cauliflower. Four to six-week-old seedlings 
are transplanted to ridges. The planting distance depends on soil fertility, 
season, variety, and market demand. Relatively wide spacing (60 x 60 cm) 
promotes earliness and larger heads. Yield per hectare and number of heads 
harvested are usually increased by close spacing (45 x 45 cm). 

Irrigation. Cabbage transplants are generally irrigated. The fIrst irriga
tion is done soon after the seedlings are set, unless adequate moisture is 
already present in the soil. However, a light watering usually helps the plants 
to re-establish themselves rapidly. About three more irrigations are given to 
late cabbage and two to early cabbage. It is irrigated heavily when the heads 
are well developed and quite firm. Additional irrigation may be needed on 
light, sandy soils. 

Varieties. One variety currently cultivated on a large scale is Golden 
Acre. Other varieties are Copenhagen Market, and Drumhead Early and 
Late. All these varie.ties are imported. 

Harvesting. Cabbage is harvested when the heads are of suitable size, 
and firm but tender. Harvesting early cabbage usually begins when the heads 
are large and firm enough for use. Later cabbage is not harvested until the 
heads are full and hard, or until the green cover leaves begin to curl back 
slightly, exposing the whiter leaves. Heads burst if harvested beyond this 
stage. Late cabbage is harvested by grasping the head in ode hand, bending 
it slightly, and cutting it off with a knife. 

Yield. The average yield varies between 20-25 t/ha for the early crop 
and 30-35 t/ha for the late crop. 

14.6.3 Kohlrabi 

Kohlrabi or knol-khol (Brassica caulorapa L.) belongs to the family Crucife
rae and is closely related to cabbage. The word kohlrabi is German, kohl 
meaning 'cabbage' and rabi meaning 'turnip'. It resembles an above-ground 
turnip, with the edible fleshy enlargement of the stem developing entirely 
above ground. Kohlrabi is an excellent vegetable if it is used before it be
comes tough and fibrous. It is high in minerals and vitamin A and C. The 
leaves may be used for greens and the heads can be cooked in various ways. 
One way is to boil them, add salt and vinegar, and serve as a salad. 

Climate. Knol-khol is a cool-season crop which grows well in a rela
tively cool moist climate. It can withstand extreme cold and frost better than 
other cool-&eason crops. 

Soil, manures, and fertilizers. A rich soil will produce excellent knol
khol and a liberal dressing of manure is desirable. If manure is not available, 
green manure crops and commeIcial fertilizer may be used. A yield of 
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20 t/ha removes about 100 kg N, 85 kg of P, and 170 kg of K. Manurial and 
fertilizer requirements are the same as for cabbage and cauliflower. 

Seed rate, transplanting, and spacing. About 1-1.5 kg/ha of seed is 
sown in the nursery. In the plains, sowing is usually in August, September, 
and October for the early, main, and late varieties, respectively. Seeds are 
originally sown in nursery beds, and the seedlings are ready for transplanting 
in three to five weeks depending on weather conditions. The usual spacing 
in the field is about 30 cm between rows and 20 cm between plants. 

Irrigation. Irrigation recommendations are the same as for cabbage and 
cauliflower. 

Varieties. Local and two exotic varieties, White Vienna and Purple 
Vienna, are under cultivation. 

Harvesting. Knol-khol should be harvested when the swollen stem 
reaches a diameter of 5-7 cm and before it becomes tough and woody. The 
plants are harvested by pulling them out. 

Yield. The average yield is 25-30 t/ha. 

14.7 Cucurbits 

Cucurbits are the largest group of summer vegetable crops grown in the 
tropics and SUbtropics. They include cucumbers, melons, gourds, pumpkins, 
squashes, and a large number of (mostly) vine crops. Most of them are 
monoecious, with only a few dioecious. A number of hermaphrodite and 
andromonoecious cultivars of some crops are also available. They are all 
summer crops and are susceptible to frost. The cultural requirements of all 
crops in this group are more or less the same. 

14.7.1 Cucumber 

The cucumber (Cucumis sativus L.) belongs to the family Cucurbitaceae. The 
plants are ancient crops, probably native to Asia and Africa. Cucumber is 
cultivated on a large scale in the Indo-Pakistan subcontinent. The fruit 
contains vitamins Band C. It is eaten raw with salt and as a salad with 
onion and tomato. It has a cooling effect, prevents constipation, and is 
helpful in checking jaundice. Cucumber seeds are used in Ayurvedic prepa
rations; it is believed that the oil extracted from ,cucumber seeds is good for 
the brain and the body. 

Climate. These plants require high temperatures and are planted either 
in the spring or summer. They are very sensitive to cold and are killed by 
even a light frost. There is no germination below 11°C, and at 18°C the 
germination rate is only about 68 percent. High germination rates and quick 
germination are obtained at 25-30°C. Sowing for the spring-summer crop 
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may be done early in January-March or for the rainy-season crop from late 
June to July depending on local conditions. 

Soil. Cucumbers can be planted on a variety of soils ranging from 
sandy to clay loam. For an early crop, sandy to sandy loam soils should be 
selected if possible, and for high yields, loam, silt loam, and clay loam. A pH 
of 5.5-6.7 is preferable, and the soil should be well drained. 

Manures and fertilizers. A basal dose of 35-45 t!ha of FYM should be 
worked into the soil before sowing. In addition, organic fertilizers at the rate 
of 50 kg/ha ammonium sulphate, 100 kg/ha superphosphate, and about 
55 kg/ha of potassium sulphate should be applied at final field preparation. 
Additionally, ammonium sulphate can also be used as a top-dressing at the 
rate of 40-60 kg/ha in two doses, the first when the plants start to develop 
runners and the second when fruiting has started. 

Seed rate and sowing. About 2.5-3 kg!ha of seed is sufficient. Bed~ 
ahout 1.5 m wide are made in the field. Seeds are sown on both sides of the 
raised beds at the rate of 4-6 seeds per hill, the hills being .5 m apart. In 
sowing, the seeds are not bunched hut scattered over an area of 15-20 cm 
to give the seedlings space for development. Just before the seedlings crowd, 
and about three weeks after sowing when the danger of beetle infestation is' 
almost over, the plants arc thinned to two plants per hill. The seedlings may 
have to be staked in areas with high rainfall. 

Irrigation. IrrigatIOn should be gIven weekly; the duration can be 
increased or decreased depending on the tempera~ure. Care should be taken 
that irrigation water does not reach the foliage or the fruit of the plant. 

Varieties. Cucumber plants generally bear male and female flowers 
separately on the same plant. Usually there are more male flowers than 
female flowers which bear fruit. An ideal variety has a high female:male 
flower ratio. Normally male flowers appear first and female later. The lower 
the main stem node on which the female flower appears, the earlier is the 
variety. The female:male flower ratio increases with the age of the plant. 

Varieties of cucumbers are generally classified into four groups: 

EUROPEAN-AMERICAN: Some of the English cultivated varieties 
WEST ASIATIC: A very xerophytic species 
CHINESE: Very large, long fruits with semi-glossy rind 
IND{)-PAK-JAPANESE: Himalayan and hermaphrodite types 

A large number of varieties are grown in Pakistan, ranging from small 
pickling cucumbers to very large and thick varieties. Some of them are: 

1. JAPANESE LONG GREEN: Long, green fruits, 30-35 cm in length. 
2. STRAIGHT EIGHT: White spined, medium-long, thick, straight, green 

fruit. 
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3. BAlAM KHIRA: Net-like structure, pale-green and dull-red colour, 
medium-sized fruit 

4. LOCAL OR DESI VARIETIES: Sialkot Local, Commander, PARC-I, and 
Beittalpha. 

Miano et al. (1991) investigated exotic cucumber varieties and found that 
spring Swallow F1 gave better results for yield in Sindh conditions. 

Harvesting. The crop matures 60-75 days after sowing. The fruits 
should be harvested as soon as they are ready. If they are allowed to mature, 
the growth of new fruits is retarded and yields are decreased considerably. 
Picking should be done every third or fourth day. 

Yield. The average yield is 12,000-14,000 kglha. 

14.7.2 Muskmelon 

The muskmelon (Cucumis melo L.) belongs to the family C~curbitaceae. It 
is probably native to the hot valleys of Iran and northwest India. Muskmelon 
is an important crop, occasionally cooked as a vegetable in its green stage, 
but normally eaten ripe as a fruit. It is very wholesome and nutritious, 
prevents constipation, and is a good source of vitamins A, B, and C. 

Climate. Muskmelons require more heat than cucumbers and do not 
withstand temperatures below 5°C. Optimum germination is at temperatures 
of 27-29°C. Hot dry air and sunshine during fruit ripening are needed for 
the development of high sugar content and good taste. 

Soil. For an early crop, sandy loam soil is considered best, though the 
crop can be cultivated successfully on well-drained loam to clay loam soils. 
The soil should be cultivated deeply and thoroughly, especially in areas 
where the crop is not irrigated. 

Manures and fertilizers. Rapid growth -is required early in the season, 
so fields manured heavily for the preceding crop are excellent. Otherwise, 
FYM is added at the rate of 50 t/ha. About 110 kglha of superphosphate, 
110 kglha of muriate of potash, and 125 kglha of ammonium sulphate should 
be incorporated at the time of final soil preparation. A side dressing of 
ammonium sulphate at 120-125 kglha may be given after the fruits set. 
Fertilizer should be applied according to the fertility status of the soil. 

Spacing and seed rate. The land is ploughed deep (25-30 cm) and 
heavily irrigated. When the land is ready for planting, the crop is drilled at 
a distance of 2 m. Where irrigation water is applied, raised beds 2 m wide 
are prepared and seeds are planted 5~ cm apart on both sides 'of the 
beds. About 4-5 kg seed is enough for planting one hectare. 

Irrigation. Crops sown on river beds do not need irrigation. The plants 
get sufficient moisture through capillary action from the subsoil water. Crops 
sown elsewhere do need irrigation. The crop requires an abundance of 
moisture during the early stage of vine growth. Once the melons are fully 
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grown, excessive watering should be avoided. Generally, five to six waterings 
are required. 

Varieties. Local cultivars include lahangir, Agaita Sufaida, T-96, Ravi, 
Chichawatni, and lasalmari (Sanghari). Imported cultivars include Honey
dew, Tarn Dew, Canara, and NV-990. Mahmood et a1. (1988) conducted a 
study on exotic and local cultivars of muskmelon. They reported that local 
CVS. T -96 and Chichawatni were better than the exotic cultivars. Hussain et 
a1. (1986) also reported that cvs. T-96 and lahangir were higher yielders 
than the exotic cultivars Duce, Top Mark, and Compo. Similar results were 
also reported by Malik (1977). Sarwar et al. (1975) conducted a study on 
seven muskmelon cvs. They found that cv. T -96 matured earliest and 
outyielded all the others. 

Harvesting. Picking of the fruits at the right stage, especially with 
imported varieties, is cru~ial. The following indications can help in deciding 
when the fruit is ready to be picked. 

• Softening of rind. This can be observed or felt with the thumb. 
• The base of the pedicel changes from green to waxy. 
• Ripened fruits emit a musky odour. 
• Parting of the fruit from the stem leaving a circular depression, or full

slip stage, when the fruit detaches spontaneously from the vine. 

Yield. The average yield is 10,000-15,000 kglha. 

14.7.3 Watermelon 

The watermelon (Citrullus lanatus Thanb. Mavs.) belongs to the family 
Cucurbitaceae. Watermelon is a monoecious, cross-pollinated crop. Native 
to Africa, it is one of tl'le most important vegetable crops grown all over 
Pakistan. When ripe, the fruit is sweet; very occasionally is is cooked as a 
vegetable when immature. Watermelon is used as dessert and a thirst quen
cher in very dry parts of the world. It is relished by both people and live
stock, particularly goats, as a source of water. It is diuretic and slightly 
purgative, but is comparatively poor in nutritive value. The roasted seeds are 
popular as a food, especially in west Africa and southern China, and they 
contain a semi-drying oil. Cultivars with very small fruits and hard, white 
flesh are used to make preserves and pickles. 

Climate. Watermelon is a warm-weather crop, requiring a long, warm 
growing season. It needs higher temperatures and a longer growing season 
than muskmelon for optimum development, and is much less affected in 
quality by atmospheric humidity. 

SoU. Fertile, well-drained, sandy loam soils are preferred. The optimum 
pH range is 5.5-7.0, but it can tolerate soils as acid as pH 5. 
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Manures, fertilizers, and irrigation. Manurial and irrigation practices 
are similar to those followed for muskmelon. 

Seed rate and planting time. Seed is required at the rate of 2.5-4 
kglha. In arid regions, watermelon is planted in July-August; in. irrigated 
tracts it is planted in February-March and June-July. 

Varieties. Sugar Baby is the commercial variety which fetches the 
highest prices because of its black rind, pink flesh, and sweet taste. Hussain 
and Zafar (1976) compared five watermelon varieties with the standard cv. 
Sugar Baby and reported that Sugar Baby gave the highest yield. 

Harvesting. Watermelon needs to be at the proper stage of maturity 
when harvested. Size of the fruit and rind colour are not good indicators of 
the proper stage. Change of colour of the portion of the fruit which rests on 
the ground from white to creamy yellow indicates maturity. A metallic sound 
when the melon is tapped signals immaturity, whereas a heavy dull sound 
indicates ripeness. Dying of the tendril at the stem end and a smooth ap
pearance and total absence of hair on the stem which attaches the melon to 
the \dne are also signs of maturity. 

Yield. Yields average 12,000-15,000 kglha. 

14.7.4 Indian squash 

Indian squash (Citrullus vulgaris L.) belongs to the family Cucurbitaceae,and 
is native to India. Also called squash melon or round melon, it is an impor
tant summer vegetable of Pakistan. It is harvested when the seeds are still 
soft and the fruit is tender and cooked in curry alone or mixed with other 
vegetables or pulses. It has cooling effects and contains vitamin A 

Climate. Indian squash cannot tolerate low temperature or even light 
frost. The crop performs well in a dry, warm climate. The seeds germinate 
best at temperatures of 27°C. 

Soil, manures, and fertilizers. Sandy loam to medium loam with aver
age fertility and good drainage is considered the best soil. For an early crop, 
sandy loam soils are better. Besides a basal dose of about 20-30 t/ha of 
FYM, 50 kglha N, 100 kglha P20S' and 40 kglha K20 are essential, in addi
tion to top-dressing with 50 kglha N, about 40-50 days after sowing. 

Seed rate, sowing, and planting time. Seed is required at the rate of 
2.5-5 kglha. Raised beds are made about 1-1.5 m wide with irrigation 
furrows between them, and 3-4 seeds per hill are sown about 1 cm deep. 
Seeds germinate in 6-15 days on sandy soils. Seeds are also broadcast by 
hand and the surface is planked slightly. The field is then made into plots 
of convenient size. Seeds are sown from the end of January to mid-February 
in the plains, and froin May to July on hills near the edges of each bed. 

Irrigation. Irrigation should be done as soon as most of the seeds have 
germinated. Mter that, the crop is irrigated once every four to five days. 
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Varieties. There are two types, one with dark-green and the other with 
light-green fruit. 

Ha"esting. To prevent damage to the plant, the fruit should not be 
pulled Qff the vines. Fruit should be picked when they are of normal size, 
tender, hairy, and soft-seeded. The crop is ready 45-50 days after sowing. 

Yield. 7,000-10,000 kglha. 

14.7.5 Bitter gourd or balsam pear 

Bitter gourd (Momordica charantia L.) belongs to the family Cucurbitaceae. 
There are 60 species, of which only two, charantia and cochinclllnensis, are 
important as vegetables. The bitter gourd is believed to have originated in 
the tropics and is widely distributed in China, Malaysia, Indo-Pakistan, and 
tropical Mrica. 

Bitter gourd is one of the most popular cucurbitaceous vegetables in 
Pakistan. The fruit is cooked in many ways-fried, boiled, and cooked in 
curries. The bitter taste is liked by some and is perceived to indicate medici
nal properties. The fruit is said to be vermicidal and a cure for stomach 
disorders. Extracts are used to cure rheumatism and disorders of the liver 
and spleen, and to control diabetes. The bitter gourd has high nutritive 
value, ranking first among the cucurbits in iron and vitamin C content. The 
seeds yield a clear brown oil which is edible, though not popular. 

Climate. The bitter gourd is a summer crop and requires warm wea
ther, but can tolerate temperatures as low as 18-10° C. 

Soil, manures, and fertilizers. Fertile sandy loam to medium loam are 
considered the best soils for this crop. Well-rotted FYM at 40-50 t/ha is 
applied one month he fore sowing. In addition to this, 50 kglha N is given at 
the time of tlowering. 

Seed rate and sowing. To plant one hectare, 5-6 kg seeds are needed. 
The seeds are sown on raised beds 1.5-2 m wide. Three to four seeds are 
sown in hills which arc 20-30 cm apart. Mter complete germination, one to 
two healthy plants arc left and the extra ones are pulled out. 

Planting time. In the plains, the summer crop is sown during January
March, and the rainy season crop from June to July. In the hills, the seed 
is sown from March to June. 

Irrigation. Irrigation is usually done at seven-day intervals, depending 
upon the temperature. _ 

Varieties. Local Selection, Faisalabad Long, Ghotki, Lucknow, and 
M-70 are some common varieties. . 

Ha"esting. Harvesting is done when the fruit is still young and tender. 
On ripening, the fruit changes colour from green to yellow and orange. 
Picking should be done every other day. If the fruit is not picked when 
tender and is allowed to ripen on the vines, bearing decreases. 
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Yield. The yield varies from 8000-12,000 kglha. 

14.7.6 Sponge gourd and ribbed gourd or ridged gourd 

There are eight species in the genus Luffa but only two, sponge gourd (Luffa 

cylindrica Roem) and ridge gourd (Luffa acutangula Roxb.) are important 

as vegetable crops. 
The sponge gourd and ridged gourd are common vegetables throughout 

Pakistan. There is little difference in the nutritive value of these two species. 

The fruit of both is edible when young. The dry, fibrous, inner portion of the 

mature fruit is used for bathing, cleaning utensils, making shoe soles, and 

also as filters in factories. Some industrial oil is also extracted from its seeds. 

Climate. These summer crops require warm weather and like high 

humidity; they have a wide range of adaptability. The smooth sponge gourd 

has more tolerance for cold than the ridged gourd. 

Soil, manure, and fertilizers. A well-drained, fertile, sandy to medium 

loam is considered the best soil for these crops. The soil should he well pre

pared. Fertilizer regimes are the same as for other cucurhits. 

Seed rate and sowing. To plant onc hectare, 4-6 kg of seed is required. 

Seeds arc sown on 'raised beds 1-1.5 m wide. The beus an: I m apart. with 

furrows between them for irrigation. Seeds arc sown on hoth sides of these 

beds at a distance of 15-25 cm. To get a good germination percentage, the 

seeds should be soaked for six to eight hours before sowing. Two to three 

seeds are planted per hill, which are later thinned to onc or two plants per 

hill. If support is provided for climbing, yield is considerably increased. 

Planting time. The early crop is sown from February to March, and the 

latc crop from June to July. 
Irrigation. Irrigation is done at weekly intervals. The frequency of 

irrigation, however, also depends upon the planting time. 

Varieties. Two common varieties are generally cultivated. The ridge 

gourd has longitudinal ribs and is light-green in colour. Its seeds are dark

black and rough textured. The other variety is called ghia tori and has a 

smooth, dark-green skin. Its seeds are either white or black. 

Yield. Yield averages 10,000-15,000 kglha. 

14.7.7 Bottle gourd 

The bottle gourd (Lagenaria sicerarja Molina) belongs to the family Cucurbi

taceae. This crop is native to tropical Africa and Asia, and wild species are 

found in India. 
The bottle-like shape of the fruit and its use as a container for wines 

and spirits in the past gave it the common name of bottle gourd. It is exten

sively grown in Pakistan. In the green stage, the fruit are used as vegetables 

and also for sweetmeats. The hard shell of the fruit has many uses-as 
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water jugs, domestic utensils, for making musical instruments, and floats for 
fishing nets. The pulp, young stems, and leaves have medicinal value. 

Climate. The bottle gourd is a summer crop; it can withstand cold 
somewhat better than other cucurbits, but it cannot tolerate frost. Most 
varieties are season-specific, and so different varieties are recommended for 
summer and for the rainy season. 

Soil. Soil requirements are the same as for the other cucurbits. Neutral 
soil ;,s best, but satisfactory yields are obtained at pH 6.0-7.0. 

Manures and fertilizers. The bottle gourd is a shallow-rooted crop and 
responds well to top-dressing of fertilizers. It does not grow well on poorly 
manured soils. The general practice is to supply about 30-50 t/ha of FYM 
at land preparation along with 60 kglha of P and 50 kg/ha of N. 

Seed rate and sowing. About 4-5 kg/ha of seed is required. Sowing 
recommendations are the same as for watermelon. The seeds are planted in 
February-March and June-July. In kacha lands the crop is planted in De
cember and January. The rainy season crop is usually staked, often trained 
on a bower made of bamboo and sticks. The summer crop is not staked. 

Irrigation. Irrigation requirements are the same as for other cucurbits. 
Varieties. These vary from very long and slender to thick and round. 

Each locality has local varieties. Some summer varieties are Summer Prolific 
Long, Summer Prolific Round, and Water Flower Gourd. Some local variet
ies grown are Sialkot Round and Louki. 

Harvesting. The fruit should be harvested when it is still tender, sepa
rating it from the plant by cutting the stem with a knife. 

Yield. The average yield per hectare is 10,000-15,000 kg. 

14.7.8 Pumpkin 

Pumpkin (Cucurbita moschata Poir) belongs to the Cucurbitaceae family. 
Probably native to tropical America, it grows best in the wet tropics, and is 
more widespread in the tropics than many other species. The plant is an 
annual, having a climbing or trailing h?lbit. Its large fruit is used both in the 
immature and the mature stages and is extensively cultivated. The fruit is a 
source of vitamins A, B, and C. The fully-mature fruit cooks well, and keeps 
well for months if properly stored in a ventilated place. The delicate shoots 
and leaves are used to a limited extent as a cooked vegetable. 

Cliinate. Pumpkin does best in hot, humid climates, but can withstand 
a certain degree of cold. It can be cultivated in areas with low temperature 
and high humidity. This crop also ca!1 tolerate shade to some extent. 

Soil. A weU--drained and fertile soil is desirable. On lighter soils, the 
fruit matures a bit earlier. The plant can be grown on a medium acid soil 
but performs best at pH 6.0-6.5. 



VEGETABLE CROPS 525 

Manures and fertilizers. FYM at the rate of 20-25 t/ha is added at soil 
preparation. 40-80-40 kg/ha NPK is also applied as a basal dose. Then at 
40-45 days after sowing, 40 kglha N is applied as a top-dressing. 

Seed rate and sowing. To plant one heotare, 5-7 kg seeds are needed. 
The plants grow quickly and spread widely; hence they should be allowed 
enough space. For an irrigated crop, the seeds are sown in well-prepared 
beds about 3 m wide at a distance of about 75 cm to 1 m apart in hills. 
Three or four seeds are sown per hill about 2-3 'cm deep. When the crop is 
raised without irrigation, beds are not made and sowing is done by drilling 
the seeds in rows 1.5 m apart. The plants are thinned later to a distance of 
1 m, keeping one or o9(:asionally two plants per hill. 

Sowing time. In the plains, sowing is done during January-March and 
June-July. In the hills, March-June is the common period for sowing. 

Irrigation. The crop should be irrigated at four to five-day intervals. 
Varieties. Only local varieties are commercially grown. 
Harvesting. The crop is harvested depending upon market demand. 

The fruit is cut with a piece of peduncle attached, which facilitates handling. 
Yield. The yield is about 15,000-25,000 kglha. 

14.8 Peas 

Peas (Pisum sativum L.) ~elong to the Leguminoseae family. There are two 
sub-species of garden pea: Pisum sativum sub-species hartense, and the field 
pea P. sativum SUb-species arvense. Both these sub-species have edible pods. 
Peas are thought to have originated in Ethiopia and parts of Europe and 
Asia. Peas are an excellent human food, either eater. as a vegetable or in 
soup. Cooked green peas are a rich source of protein, a good sourc~ of 
vitamins 1\ B, and C, and contain a high proportion of minerals. 

Climate. Peas are a cool-season crop and grow best in cool weather 
with ample moisture. The plants will tolerate considerable cold and light 
frost, but the flowers and green pods are often damaged by heavy frost. 
Yields are usually higher and the quality better when the crop matures 
under cool conditions. They do not do well in dry, hot weather. Hot, dry 
weather interferes with the seed set and lowers the quality of pods. 

Soil. Peas are grown on a great many kinds of soils, from light sandy 
loams to heavy clays. Ample drainage is essential for good pea production. 
For a very early crop, a 'sandy loam is preferred. For large yields, where 
earliness is not as important, a well-drained clay loam or silt loam is better. 
The garden pea prefers a slightly acid soil, but will not tolerate excess 
acidity. The most favourable pH is between 6.0 and 7.5; if pH falls below 
5.5, peas will not do well. 
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Manures and fertilizers. Well-rotted FYM at the rate of 20-25 t/ha 
should be added and worked into the soil. Superphosphate at the rate of 
350-400 kglha, and 100 kglha of potassium sulphate or muriate of potash 
should be applied at final land preparation before sowing. A dressing of 
nitrogen as ammonium sulphate at the rate of 200-300 kglha at the time of 
pod formation will be beneficial. Bhatti (1985) states that a fertilizer dose 
of 45 kglha N, 90 kglha P20S' and 90 kg/ha K20 produced the best yield of 
peas. Abmed and Shafi (1978) reported that increased NPK levels resulted 
in increased yield per hectare. Bukhari and Rizvi (1973) recommended 
80-80-40 Ibs/acre (90-90-45 kg/ha) of NPK for peas in Sindh . 

Seed rate and spacing. The seed rate for an early crop is 100-120 kg/ha 
per hectare, whereas for a normal or late planting it is 80-90 kglha. The 
minimum temperature for germination is about lOoe and the optimum 
about 22°C. Seeds should be dibbled about 30 cm apart on both sides of 
ridges spaced 1 m apart. For normal and late planting, the width of the 
furrows can be increased to 1.25 m. Peas can also be planted on levelled flat 
beds drilled in rows, with 45-60 cm between rows. 

Sowing time. In plains areas peas are sown from October to December; 
whereas in hilly areas they are planted after mid-March to the end of May. 

Irrigation. For proper germination, a pre-sowing irrigation is advisable, 
and if the soil is dry 'at the time of sowing, a light irrigation after sowing may 
be needed for proper germination. Thereafter, during the dry weather, light 
irrigation may be applied at intervals of 10-15 days. One to two irrigations 
at the time of flowering and fruit:"'-setting are essential. 

Varieties. Two imported varieties, Kalvex and Blue Bantam, are grown 
on a large scale in Hyderabad Division. 

Harvesting. Peas lose quality rapidly after maturity and must be picked 
at the proper stage and used promptly. Harvesting starts six to eight weeks 
after seeding or about 21 days after blooming. Green peas to be used fresh 
are hand harvested; three to four pickings are usually necessary. The pods 
are picked when fully green and well developed and before the peas harden. 
Uniformity is an important criterion for canning and dehydration. 

Pea quality is determined by many factors, but high quality is generally 
defined as tenderness and high sugar content. During maturity the sugar 
content decreases rapidly. There is a rapid increase in content of starch and 
other polysaccharides and insoluble nitrogen compounds, mainly proteins. 

Yield. Early varieties usually yield about 3000-4000 kglha of green 
pods. Mid-season and late varieties give higher yields, about 6000-7000 
kglha. Shaikh (1980) claims that sowing peas in mid-season gives a higher 
yield. 
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14.9 Beans 

There are at least 18 types of cultivated beans, belonging to eight genera of 

the family Leguminoseae. They vary greatly in flavour, season, and other 

characteristics. Beans may be used as green vegetables or dry as pulses, 

dependmg on the harvest stage. Cowpeas, cluster beans, and hyacinth beans 

are the most important species used as vegetables and have somewhat 

neshier-willled pods w~th less fibre at the green stage. Dry beans are an 

important source of food, and are usually classed as a field crop. All beans 

except bwad beans are susceptible to frost and are grown as a summer crop. 

14.9.1 Cowpea 

Cowpeas (V/gnu s/lu'mis Savi) belong to the family Leguminoseae. They have 

their origin in Central Africa, the Mediterranean regions, and South Asia 

including India. A leguminous plant, the cowpea fixes atmospheric nitrogen 

and is thus a soil-lInproving crop, often cultivated as an intercrop. Cowpeas 

arc considered to be hot, dry, diuretic. and difficult to digest. However, they 

possess high nutritive value, being rich in protein, minerals, and carbohy

drates. Numerous dishes can be prepared from this vegetable. Both the 

green pods and the dried seeds are eaten. 

Climate. Cowpeas are a warm-season crop and cannot withstand cold 

wcather. They can be grown both in spring and rainy seasons in the plains, 

but eannot tolerate heavy rainfall. Different varieties respond differently to 

tcmperature and daylength, and distinct varieties are recommended for 

spring and ramy ~easons. 
Soil, manures. and fertilizers. Cowpeas can be grown in all kinds of 

soil, provided that there is no drainage problem and the soil is rich in 

organic matter. Sandy to sandy loam soils are best. FYM at 20-25 tlha is 

applied as a basal dressing. In addition, a mixture of 60-80 kglha N, 

40-60 kg/ha P 2()'i, and 40 kg/ha K20 should be thoroughly worked into the 

soil before sowing. 
Seed rate and spacing. A seed rate of 12-18 kglha is sufficient, depend

ing upon the "pacing. Sowing is done directly in the field. March and Sep

tember sowing is done by dibbling in rows 40 cm apart with 20, cm between 

plants. For June sowing, making the rows about 60 cm apart and keeping 

plants about 30 cm apart is recommended to facilitate cultural operations 

and give the best crop. 
Irrigation. For an independent crop, a total of four irrigations are 

needed, and for an intercrop two to three irrigations are recommended. As 

the plants are sensitive to excess water, the irrigation should be very light. 

Varieties. Local, Pusa Barsati, and Mirpurkhas are some widely-grown 

varieties. 
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Harvesting. Cowpeas are harvested for two purposes. (1) Green pods 
which are mature but not ripe are harvested for fresh consumption. (2) Pods 
are harvested when fully ripe and dry. The dried seeds are separated and 
sold as dried beans and for seed. 

Yield. The average yields of grain and of green pods are about 
800-1200 kglha and 5000-6000 kglha, respectively. 

14.9.2 Cluster bean 

The cluster bean (Syamopsis tetragonoloba L., Taub.) belongs to the family 
Leguminoseae. In the plains it is generally planted twice a year, in spring 
and in the rainy season. It is thought to have originated in India or Africa. 

The cluster bean is gradually gaining in importance. Its tender pods are 
used as a green vegetable, and are available in the market from April to 
November. The green pods are rich in protein, vitamins A and C, and iron. 
It can also be used as a green manure crop, and some varieties are used for 
manufacture of gum. The seeds are an article of export trade. 

Climate. This plant is very hardy and relatively resistant to drought. In 
regions with high summer temperatures and low rainfall it has produced 
excellent crops where no other vegetable crop could be grown successfully. 

Soil, manure, and fertilizers. The cluster bean is adapted to all types of 
soil but does best in well-drained sandy loam. At field preparation, 
10-15 t/ha of FYM are Incorporated into the soil. Then ir"71"diately before 
sowing, 20-30 kg N, 60 kg PzOs and 40 kg KzO per hectare are applied. 

Seed rate and spacing. A spacing of 45-60 cm between rows and 
20-30 cm within the row is recommended. If the cluster bean is sown alone, 
10-15 kglha seed is required, but if it is sown mixed with other crops or as 
a border crop around the main crop less seed will be needed. 

Irrigation. Cluster bean requires very little irrigation, but timely 
watering can increase yield. With an early-sown crop, the field is irrigated 
when necessary. There is no need to irrigate the rainy-season crop. 

Varieties. There are several varieties, distinguished by their height and 
the size and shape of the pods. The local varieties are classified as kachhan 
and kunchi according to the shape of their pods. The former has long, 
straight pods, and the latter medium-sized, curved pods. Varieties can also 

'. be classified accOfding to (1) branching type [a. single-stem, b. multiple..:.. 
stem]; (2) presence of hair [a. hairless (glossy), b. hairy (glabrous)]; (3) the 
kind of fruit . 

. Harvesting. Picking of the green pods continues over a considerable 
time because they continue developing as the plant grows. All of the three 
to six pods in the clusters which develop in leafaxils usually mature at the 
same time. Green pods intended to be eaten as vegetables are harvested 
when they attain a marketable size and are still tender. 
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Yield. The yield of green pods varies from 5000-6000 kglha, and the 
yield of seeds is about 1000 kglha. 

14.9.3 Hyacinth bean 

The hyacinth bean (Dolichos lablab Roxb. and L.) belongs to the family 
Leguminoseae. The name Dolichos is derived from the Greek word meaning 
'long' and lablab is from an Arabic word which describes the dull rattle of 
the seeds in the dry pod, It originated in the Indo-Pakistan subcontinent and 
has spread to other parts of the world. It is highly drought-resistant, spread
ing in nature, and is often grown along with castor, which provides support 
for climbing. This plant is used both as green pods and dry beans. Its nutri
tive value is greater than that of the French bean. 

Climate. This plant requires a fairly cool climate but cannot withstand 
a severe frost. The minimum temperature at which the seeds germinate is 
5°C and the optimum temperature for germination about 22°C. The hya
cinth bean can be sown either as an early-spring or an autumn crop. 

Soil, manures, and fertilizers. It grows well on all types of soil, from 
sandy loam to clay loam. The fertilization regime for hyacinth beans is the 
same as that for cowpeas. 

Seed rate and spacing. The same seed rates apply as for cowpeas. The 
plant is of trailing nature, and the crop spreads as a vine. It requires support 
for climbing, and appropriate spacing depends on the particular variety. 

Irrigation. Depending upon the severity of the temperature, three to 
four irrigations are required. 

Varieties. There are two broad groups-the bushy field varieties and 
the twining-pole garden varieties. 

Harvesting. Harvesting is donI.! in the samc manner as for cowpeas. 
Yield. A yield of 3000-5000 kg/ha of green pods is normal. 

14.10 Okra or lady's finger 

Okra (Abelmoschus esculentus L. Mllench) belongs to the family Malvaceae. 
Okra originated in tropical Africa, was grown in the Mediterranean region, 
and wild forms are also found in India. Okra is a popular summer crop; the 
young tendcr pods are cooked in curries, stewed, and used in soups. It is a 
good source of vitamins A, B. and C, and is also rich in protein, minerals, 
and iodine. When ripe, the black or brown white-eyed seeds are sometimes 
roasted and used as a substitute for I.!offee. The stem of the okra plant 
providcs fibre which is used in the paper industry. 
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Climate. Okra is very sensitive to frost and will not thrive when there 
is continuous cold. It grows best in hot weather, and needs a long season 
with warm nights. Okra seeds will not germinate below 20°C. 

Soil. Any good soil will produce a satisfactory crop of okra if other 
conditions are favourable. Okra thrives on all kinds of soils, but it grows best 
in a well-manured, friable mediuIIlloam soil. It is only slightly tolerant to 
acidity, and the optimum pH ranges from 6-6.8. 

Manures and fertilizers. About 25-30 t/ha of well-rotted FYM should 
be applied one month before sowing and mixed well with the soil. Before 
sowing, 350 kglha of superphosphate, 125 kglha of muriate of potash, and 
300 kglha of ammonium sulphate should be drilled in the rows. A month 
after sowing 300 kglha of ammonium sulphate should be top-dressed. 

Sowing method and spacing. Okra is a deep-rooted crop, therefore 
thorough land preparation is necessary. The seed coat is hard and does not 
absorb water readily. Soaking in water for about 24 hours (or until it splits) 
just before sowing increases germination rate and percentage. The early crop 
is planted on ridges, whereas normal planting is done in flat beds. Ridges 
60 cm wide are prepared and the seeds are drilled on both sides of the 
ridges, keeping the row-ta-row distance aboqt 45-60 cm and the plant-to
plant distance about 20-30 cm. 

Seed rate and sowing time. Okra is propagated by seeds at the rate of 
18-20 kglha. There are two sowing dates or growing seasons of okra: 
(1) February-March, (2) June-July. Rizvi and Jagirdar (1976) reported that 
row-ta-row spacing of 1.5 feet gave a better yield than 2 or 2.5 feet. 

Irrigation. The crop should be irrigated every fifth or sixth day during 
spring and summer when needed. In all, six to eight irrigations are required. 

Varieties. The following local cultivars are grown commercially: Faisal
abadi-I, Faisalabad-II, Mirpurkhas-I, Mirpurkhas-II, Tarnab-13, P ARC 
Green, and Spiny Local. In addition, some exotic cultivars are also grown; 
they are Emerald, Clemson, Perkins Dwarf, Pusa Green, and Pusa Sawani. 

Harvesting. Okra is picked every second or third day starting when the 
first pods are formed. The best time to pick the pods is 6-7 days after the 
flowers open, depending on the variety and the season. Plant growth and 
yield are both adversely affected if the pods are not harvested when )loung. 

Yield. The averag~ yield is about 8000-10,000 kg/ha of green pods . 
. Baloch et al. (1990) conducted experiments to assess varietal performance. 
They reported that the Emerald cultivar gave a higher yield than Clemson, 
Perkins Dwarf,·Pusa Sawani, and Pusa Green. The yields of these cultivars 
are given in Table 14.5 for comparison. 
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Table 14.5 
Variety 

Yields of five okra cultivars in Tandojam conditions 
Pod yield (kw'ha) 

Emerald 
Pusa Sawani 
Clemson 
Pusa Green 
Perkins Dwarf 

Source: Baloch et a1. (1990). 

7,912.5 
4,237.5 
4,062.5 
3,942.0 
3,895.0 

Sadiq et a1. (1988) performed experiments on five okra cultivars under 
Peshawar conditions. Maximum pod weights found are given in Table 14.6. 

Table 14.6 Maximum pod weights for five okra cultivars, Peshawar 
conditions 

Cultivar 
Clemson 
T-13 
Pusa Green 
Perkins Dwarf 
Pusa Sawani 

Source: Sadiq et a1. (1988). 

Pod weight (g) 

718.32 
694.33 
661.70 
660,82 
625.92 

Sheikh et a1. (1987) conducted yield experiments on six okra cultivars 
under Tandojam conditions. The results are summarized in Table 14.7. 

Table 14.7 Average yields of six okra cultivars at Tandojam 
Cultivar Average pod yield (t/ha) 
Alunedabadi 27.385 
Faisalabadi-I 21.025 
Mirpurkhas-U 17.275 
Green Pusa 17.162 
Faisalabad-U 16.880 
Mirpurkhas-I 15.775 
Source: Sheikh et al. (1987). 

Summary and recommendations. The production ot fresh fruits and 
vegetables is an important and growing industry in Pakistan. Production 
units vary from the small kitchen garden to large areas grown exclusively for 
city markets. Since the yield of high-quality fruits and vegetables is greatly 
dependent upon using good seed, proper varieties, and good cultural practic
es, and on employing economic disease and pest control, the dissemination 
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to growers of the material presented in this chapter becomes an important 
role for researchers and extension workers in horticulture. 

STUDY QUESTIONS 

1. Describe the importance and nutritional value of vegetables in 
the daily diet. 

2. Give the fertilizer requirements of vegetable crops. 

3. (a) Name the solanaceous vegetables. (b) Discuss the nutritive value of 
each of them. 

4. Djscuss the climate and soil requirements for various tuber crops. 

5. Describe the irrigation and nutritional requirements of various root 
crops. 

6. (a) How are the important bulb crops planted? (b) Discuss the medici
nal values of bulb crops. 

7. Discuss the seed rates, recommended planting practices, and post
planting care of several important leafy vegetable crops. 

8. Give recommended planting times and spacings for cole crops. 

9. Discuss the best practices for land preparation, planting, manuring, and 
irrigation of various cucurbits. 

10. (a) Describe the recommended planting, seed rate, and irrigation prac-
tices for peas. (b) Discuss the food value of peas. 

11. Summarize the importance, seed rate, and yield per hectare of beans. 

12. Describe the planting method, seed rate, and varieties of okra. 

13. What is right and wtiat is wrong about the statement: "Plants make 
food, and plants absorb food from the soil"? 

14. Differentiate between cabbage, cauliflower, and kohlrabi (knol-khol). 

15. List the members of the family Brassica, giving their local, English, and 
botanical names. 

16. The climate of Pakistan is suitable for raising high quality Brassica 
vegetables. Indicate the best regions for growing cabbage, cauliflower, 
and kohlrabi. 

17. Describe and compare the three main types of onions. 
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18. The climate of Balochistan, NWFP, and the Potllwar Plateau is particu-
larly favourable for high yields of potatoes. Explain why this is so. 

19. Name three common characteristics of root vegetable crops. 

20. List some vegetables containing carotene. 

21. Why are tomato yields relatively low in Pakistan? 

22. What are the irrigation and fertilizer requirements of cucumber? 

23. Discuss the appropriate time period for harvesting watermelons and 
muskmelons. 

24. How do pumpkins and squashes differ from each other? 

25. Why do beans and peas require less nitrogen fertilizer than most other 
vegetable crops? 

26. Beans are usually extremely vegetative and unfruitful when grown in 
highly fertile soil. Explain why this is so. 

27. What types of beans are grown in your local area? Discuss the type of 
market for which they are grown, for example the long-distance market, 
the local market, or the cannery. 

28. How would you obtain reliable information on varieties of horticultural 
crops suitable for your location? 

29. Why are leafy vegetables important for the human body? 
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15. FLORICULTURE AND LANDSCAPE 
GARDENING 

Daud Ahmad Khan 1 

OBJECTIVES 

A person who studies this chapter should be able to: 

• Discuss the elements of design as they relate to gardens 

• Recommend the most appropriate species of plants for each part of a 
garden plot in any specified part of the country 

An intimate relationship exists between man and plants. Growing plants 
of diverse nature around the dwellings of mankind is an age-old practice, a 
manifestation of man's desire to live with nature. In today's stressful life, 
plants are becoming more highly valued for their positive influence on 
human behaviour. Plants provide a variety of colour, form, texture, and 
pattern in the landscape. Besides their intangible aesthetic values, trees 
furnish a close contact with nature and enhance our' surroundings. They 
contribute to the beauty of buildings by softening architectural lines and 
emphasizing structural details. 

In ancient times groves of trees having religious or other significance 
were preserved and maintaint:d as a tradition. Gardens for private use were 
established by emperors, kings, and wealthy people. The Hanging Gardens 
of Babylon, once considered to be one of the seven wonders of the world, 
were established by Nebuchadnezzar 1I in the sixth century B.c. Gardens 
were planted in ancient Egypt and China. In the Indo-Pakistan subcontinent, 
Persian influence brought by the MughaJ emperors determined the form of 
intimate enclosed gardens arranged in unified compositions of flowers, fruit 
trees, water, and shade. The most notable examples of great royal gardens 
on a formal plan occur at the Taj Mahal in Agra (India), Nishat Bagh in 
Kashmir, and Shalimar Bagh and Jehangir's tomb in Lahore. 

lDr. Daud Ahmad Khan is former Professor and Chairman, Dept. of Horticulture, 
University of Agriculture, Faisalabad and former Consultant HortIculture, PARC, Islamabad. 
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15.1 Garden design 

Design is an orderly arrangement of living and inanimate objects to achieve 
a pleasing objective. To make a garden requires the use of creative instinct 
and imagination. A garden established in an orderly manner is a pleasure to 
everyone. The discussion of design here follows Janick (1979:563-64). 

15.1.1 Elements of design 

Colour. There is tremendous variation in the colouration of different plant 
organs-flowers, fruit, foliage, stem, and bark. Indeed, the most attractive 
colours are those of natural flowers, fruits, and foliage. Each colour presents 
an assortment of hues in all intensities. The most predominant and indis
pensable is green, in all possible tones and values. Green is pervasive, pleas
ing, and restful to the eyes and the mind. Red, orange, and yellow suggest 
warmth, while blue, purple, and green are regarded as cool colours. Another 
perception is that the warm colours seem to advance towards the observer 
and the cool colours seem to remain in the background. The pure colours 
of the spectrum-red, blue, and yel!ow-Iook closer to the observer than 
when tinted towards neutral grey. Therefore, these perceptual sensations 

. associated with different colours give life to a landscape and create the 
effect of advance or recession (Janick 1979:563-64). 

Texture. In design, texture means the visual effect of tactile surface 
quality. Plant materials like leaf, stem, and bark vary in texture; some are 
smooth, soft, and fine - like flower petals; others are rough, hard, and 
rigid - like the bark of an acacia tree. The different textures of plant mate
rials and species can be arranged to produce a visual effect of contrast. 
Therefore textural differences among plants should be one of the consider
ations in the choice of species for planting in a landscape. 

Form. The terms form and habit are often used while talking about the 
appearance of plants. Habit can be described as the direction of growth, and 
form as the shape of a three-dimensional object. With trees, the habit aspect 
is generally most prominent, while with shrubs form is most salient. In 
deciding on the visual suitability of plants with particular habits, other visual 
qualities like colour should also influence plant choice. 

There is a field of psychotherapy using plants. Designers and plant thera
pists believe that certain combinations of objects with distincti~e forms and 
habits produce effects of stress, repose, or balance. 

Line. Line guides the eye from one part of a design to another; it 
defines shape and structure, and can evoke emotional responses. For these 
reasons straight and curved lines are combined in designs. Triangles, rectan
gles, circles, and modifications of these and 9ther geometric forms are used 
in designing. 
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15.1.2 Principles of design 

Balance. Balance refers to the arrangement of objects around a vertical 
axis. Balance implies equilibrium, which may be real or illusory. The exact 
matching of species and positions of the plants on each side of a dominant 
centerpiece like a building creates balance and syn,metry. The formal land
scapes in front of the Taj Mahal at Agra and Jehangir's Tomb at Lahore are 
superb examples of balance. In informal designing, balance is not achieved 
merely by exact matching of species and positions of plants on each side of 
an axis, but by an intelligent use of colour, texture, and form. 

Rhythm. Rhythm refers to the occurence of some object, sound, or 
event at regular intervals of space or time. Very common examples of 
rhythm are the heartbeat, a drum beat, or repetition of a motif in a design. 
In the context of landscape designing it would be the repetition of a plant, 
tree, or flower bed at equal intervals in a garden. 

Emphasis. As in a painting, in a garden there is usually some special 
object to be focused on and highlighted. This aspect of design is achieved by 
careful placement of dominant plants or other object( s) which give emphasis 

. to the design. A large tree, colourful shrubs or flowers, or features like a 
pool or terrace can be used to create accent. 

Harmony. Harmony results when all the materials in the design com
bine to produce a pleasing effect, and depends on good use of scale and 
combination of plant materials. The landscape designer should aim at unity 
in the overall design, and coherence of its various parts and elements. 

15.1.3 Types of design 

Selection of plants and styles of plantation have changed with changing life 
styles throughout history. The criteria for plant selection and planting de
signs change according to the cultural traditions am! heritage of the people, 
based on their varying perceptions of beauty. Primarily, there are two styles 
of gardening: FORMAL and INFORMAL. Both style& are of ancient origin. 

Formal desigu.. This style of gardening, also referred to as the Muslim 
style, is commonlY" ptacticed in the Middle East and Indo-Pakistan. This 
style is very simple and uncomplicated. It is based on geometric symmetry 
on both sides of a chosen axis. The illumination contrasts between day and 
night, and between areas of shade a~d light are taken into account. Trees 
are planted to provide a maximUrtl of shade in order to moderate the unkind 
effects of the climate. Summer's high temperatures and dry air necessitate 
the construction of water reservoirs, humidification through fountains and 
waterfalls, and efficient irrigation systems. Plants are used to delineate and 
emphasize formal patterns by tHe recurrence of one species at regular 
intervals. Cypress avenues are usually planted to direct attention to a vista 
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beyond the garden or to spotlight some feature in the garden. Topiary work 
is another characteristic of this garden design. 

Informal design. The informal design of gardening is generally referred 
to as Japanese garden design. It is a naturalistic design in which balance and 
harmony is achieved through curved, non-geometric lines without repetition 
of any form, and many artistic techniques, avoiding symmetrical planning. 
The visual effect of one plant is considered in relation to another plant. A 
major consideration is given to the contrasts between the forms of the 
various plants and the habit or line effects. Short-lived seasonal effects of 
strong vispal contrast are especially sought after. Trees and ground flora are 
planted for spring and autumn effects. Mountain and river landscapes are 
simulated by mounds, streams, and certain plants. 

15 1.4 Landscape architecture 

Landscape architecture is a branch of design dealing with integrating man
made structures with their natural surroundings. It is concerned with the 
arrangement of space for utility and beauty using natural as well as structur
al materials to integrate man, building, and site both functionally and aes
thetically. It is primarily a fine art whose most important function is to 
create and preserve beauty where people live and work and to promote the 
comfort, convenience, and health of urban populations. 

Rock gardening. Rock gardening is a branch of landscape horticulture 
involving growing ornamental plants in rocky areas like a natural formation. 
There are many types of rock gardens: walI, naturalistic, moraine, scree, and 
alpine meadow gardens. In a wall garden, plants are planted in a wall 
constructed with flat rocks without cement or mortar. The rocks are placed 
in horizontal layers with alternate joints and holes. The holes are filled with 
good soil and plants are inserted. The wall is built against a terrace with a 
slight backward slope. A naturalistic rock garden is constructed to look like 
a real mountain site. A moraine garden mimics an alpine setting watered by 
melting snow. A scree garden is like a moraine garden except that water is 
supplied by over-the-top sprinkling. 

Water gardening. This branch of landscape horticulture deals with 
growing ornamental plants in natural or artificial ponds and pools. Apart 
from aesthetics, water gardens have cooling and refreshing effects on the 
surroundings. In this type of gardening, hoeing, irrigation, and weeding are 
not required. The ponds or pools are located in open places away from 
trees, preferably at the foot of a rock garden, as a lawn feature, or in a 
paved courtyard. The pOOl should receive at least four hours of sunshine. 
Plants like lotus, water lily, umbrella plant, calla lily, watercress, tradescan
tia, and ferns are suitable for growing in and around such gardens. 
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15.2 Lawns 

A lawn is often the heart of a garden. It is a source of continuing pleasure; 
the green of the grass is soothing to the eyes and consoling to the mind. The 
open expanse of a lawn imparts dignity to a site and provides the foreground 
to any architectural or landscape work. Utilitarian sites like recreation 
grounds and playing fields are all planted and maintained as lawns. 

15.2.1 Varieties 

The grasses used for turf or lawns vary in different regions according to the 
soil and climatic conditions. In Pakistan, which mostly has a subtropical 
climate, Bermuda grass (Cynodon dactylon) is generally used for·lawns. This 
grass is a native of the Indo-Pakistan subcontinent. It grows well in summer, 
relishing high temperatures and full sunshine, but does not thrive in shade. 
Bermuda grass is very resistant to drought and high temperatures but has a 
tendency to frost damage and winterkill. It has all the characteristics of an 
exc!:!lIent turf; it spreads by stolons which root readily from each joint and 
quickly produce a thick turf. It develops quickly and stands regular mowing 
as well as being resistant to drought and diseases. One drawback is that its 
bright green colour fades during winter in open and exposed lawns. Lawns 
in protected' places may retain their colour during winter. Some of the 
important varieties are Tifway, Tifgreen, Tifton, Tifdwarf, and Dhaka. 

15.2.2 Establishment of new lawns 

A good lawn is a blessing; it is a source of joy and visual pleasure. Three 
things are necessary for the establishment of a new lawn. It should be plant
ed on a piece of good, fertile, well-drained land receiving a maximum of 
sunshine. Seed or turf of a superior variety should be selected; and cultural 
practices should be appropriate and timely. 

Preparation of land. The land to be planted as lawn should be thor
oughly dug out or deeply ploughed many times. All debris, rubbish, and 
stones should be removed and the land levelled. It should then be irrigated 
to check the finer levelling and minor depressions and irregularities correct
ed. Often the land is ploughed again and well-rotted FYM thoroughly mixed 
into the soil at the rate of 1 t/100 sq m. Before grass is planted, 10-12.5 kg 
of superphosphate and 5 kg of ammonium sulphate/lO sq m are broadcast 
and mixed properly, taking care that the final levelling is not disturbed. 

One should remember that a lawn remains for many years, while a crop 
is sown every season. Therefore, any mistake committed during the estab
lishment of a la\\TI wiil be difficult to correct later. Levelling is the most 
important step in planting a lawn. 
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Time of planting. Since Bermuda grass is a summer-growing grass, it 
should be planted so that it is well established before the onset of winter. 
The best planting time is in July at the beginning of the rainy season. Where 
irrigation water is ample, planting may be done in March-April. There 
should be no shortage of water during the following hot and dry months. 

Planting. There are many ways to plant lawn grasses: seeding, sprig
ging, plugging, or sodding. Sprigging is the most economical and commonly 
used method for turfing in Pakistan. Sprigs of well-grown grass are taken 
from any established lawn or grass nursery. Clusters of 3-5 sprigs are plant
ed at a distance of 10-15 cm each way. The basal portions of the sprigs are 
buried and the upper portions left above ground. The soil around the trans
planted sprigs is then patted firm. Grass from 1 sq m is enough to plant 
about 15 sq m of lawn. Irrigation is given immediately after planting. 

The method of sodding or turfing is costly and is employe'd to achieve 
immediate results. Blocks of suitable sizes are cut from grass-nursery lawns 
and removed along with about 3.5-5 cm of soil. These blocks are set togeth
er on the prepared soil in the same fashion as flooring is done with tiles. 
Arrangements should be made to keep the blocks pressed down so that they 
do not tloat when they are irrigated. 

For seeding, the bed is prepared properly as for any crop. In an ideal 
seedbed, when the soil has settled down it does not show deep footprints 
when walked on and the surface is crumbly. The best time for seeding is 
early summer so that the lawn is ready before the onset of winter. 

Seed should be selected with care keeping in view the environmental 
conditions and the purpose of the lawn. For 1000 sq m of lawn, 2-3 kg of 
seed is sufficient. The seed is sown after the plot has been levelled and 
finely prepared. At sowing the field should be slightly moist - neither dry 
nor wet. To achieve even seed distribution, the plot is divided into 2-3 m 
widths and the seed divided into the same number of lots as there are strips. 
Each lot of seed is mixed with ample coarse sand and broadcast evenly in 
the plot. Half the seed is sown while moving in an east-west direction and 
the remaining half while moving north-south so that no gaps are left. Each 
plot is sown in the same way and the seed is covered with a .5 cm layer of 
fine leaf mold, or the surface is raked lightly. After sowing is completed, a 
light roller is run over the field and the plots are irrigated, preferably by 
light sprinklers. Care is taken to see that the seed is not disturbed. The field 
must be kept moist until the seed germinates in two to three weeks. 

15.2.3 Maintenance 

Rolling. After the first irrigation, when the soil is still moist, the lawn is 
rolled with a medium-we:ght roller. Rolling is carried out after each irriga
tion until the lawn is established. 
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Mowing. The first mowing is delayed until the swards have grown 
10-15 cm high. The first cutting is preferably done with a sickle; thereafter 
it can be done with a lawn mower. After the first cutting, the lawn is mowed 
when the swards are about 5 cm tall. Close mowing is not recommended; the 
mower should be set at 12 mm and should have a grass catcher so that the 
cut grass does not fall on the lawn. 

Weeding. Because of the use of FYM and canal water for irrigation, 
seeds of many pernicious weeds find their way into lawns and grow at the 
expense of lawn grass. Weeding should, therefore, be carried aut yery stead
fastly and carefully. There are two approaches to keeping a lawn wp.ed-free: 
(a) weed inhibiting practices, 8'ld (b) weed eradication practices. 

WEED INmBmNG PRACI'lCES: (1) Application of fertilizers instead of com
post, since compost contains a lot of weed seeds. If compost is used. it 
should be treated so that all weed seeds are killed. (2) Occasional spiking 
and raking so that weeds are uprooted and raked out. (3) Controlling earth
worms and other pests and diseases. 

WEED ERADICATION PRACI'lCES: This approach demands a combination of 
cultural practices and application of agro-<:hemicals. Many weed-specific 
chemicals (weedicides/herbicides) are available in the market. These should 
be used with utmost care under the direction of experts. 

Irrigation. Bermuda is a fast-growing grass and needs frequent water
ing for a healthy and beautiful appearance. If irrigation is delayed the grass 
becomes coarse and looks shabby. During summer, when growth is faster, 
irrigation is needed more frequently (every 5-7 days); in cold weather, when 
growth is almost stopped, the intervals are longer. At each irrigation the 
lawn should be thoroughly soaked so that the entire root zone is properly 
wetted. Light irrigations restrict root growth to near the soil surface. Lawn 
sprinklers are very useful for this purpose. They have the advantage of also 
washing the grass and making the lawn look fresh and clean. 

Fertilization. A well-fed lawn is greener and more even than a poorly
fed one, and it also has fewer weeds since the vigorous turf chokes out most 
of them. Nutrients are continuously being removed in grass clippings; there
fore the soil has to be replenished every season by adding 2.5 kg of ammoni
um sulphate for each lOO sq m of lawn. Irrigation is applied immediately 
afterwards. The best times to apply fertilizer are as new growth commences, 
in the beginning of spring, and then again after the rainy season. 

Aeration. Unlike agricultural crops, lawns are not hoed. Aeration, 
however, must be provided to the roots once a year. In the fall, after a close 
mowing, lawns are rolled with peg/prick rollers. The pegs or pricks penetrate 
the soil to a depth of about 1 cm. Superphosphate is also applied afterwards 
so that it lodges in the peg holes. Aeration is followed by irrigation. 
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Thatching. Bermuda grass spreads along the surface by means of 
stolons. The stolons make roots at each joint so that after a few months the 
whole lawn surface is covered by a thick mat of stolons and looks coarse and 
whitish. To remedy this situation, lawns are scraped once a year. The whole 
surface is scraped to remove the thatch. The best time for scraping is at the 
beginning of the rainy season. After scraping, the soil is lightly loosened with 
rakes. FYM at the rate of 500 kglsq m and 2.5 kglsq m of ammonium sul
phate are added and properly mixed. The ground is then irrigated. During 
this operation care is taken that the level of the lawn is not disturbed. 

15.3 Ground covers 

Places which are rocky, steep, or otherwise unsuitable for turfing are planted 
with vegetation which will cover the ground and make the place IUore 
beautiful. Such vegetation is known as ground cover. These plants usually 
grow into dense mats, mounds or bushes, checking the growth of weeds or 
covering bare patches of soil, or filling gaps in shrubbery and perennial 
borders. They beautify difficult sites where it would be impossible to mow 
a lawn, such as steep banks, dry corners, shady places, or long areas. 

Plant selection depends upon the site, soil, and climatic conditions. A 
variety of ground cover plants are available, ranging from low-growing, mat
forming planis to creepers and small bushes. Many flowering perennials 
make excellent ground covers. Some popular ground cover plants are: 
gazania, mesembryanthemum, juniper, arctotis, tree chrysanthemum, ivy, 
dichondra, chlorophytum, verbena, hypericum, and sedum. 

15.4 Annuaf flowers 

Annuals are flowering plants whose seeds are sown every year, produce 
blossoms the same season, and are killed by extreme weather. Tender peren
nials, like snapdragons and pansies, are also treated as annuals. According 
to their flowering season, they are classified as summer or winter annuals. 

These plants are grown for their aesthetic value, diversity of colour, 
form, size, growth habit, and seasonality; they give a quick and inexpensive 
display of colour. In a garden, annuals are used for several purposes: to 
provide a mass of colour in front. of hedges; in individual beds, borders, pots 
and planters; to fill shrubbery beds in the early stages; and to cover up beds 
of bulbs after they have bloomed. Smaller-growing annuals are planted for 
low edging around beds and walks, and tall-growing annuals are planted to 
provide quick-groWing screens to hide unsightly scenes. Annuals with showy 
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and long-keeping flowers are cultivated for cut flowers, while others like 
helichrysum and acroclinium are particularly suited for drying. 

Success in growing annual flowers depends on starting with good seed, 
sowing or transplanting at the proper time, soil fertility and preparation, 
proper distancing, and appropriate after-care. 

Soil preparation. Soil preparation is started well ahead of planting 
time. The soil is dug to a depth of 20-30 cm and turned over completely. All 
stones, pebbles, pieces of wood, and rhizomes or roots which might sprout 
again should be removed, but all leaves, grass, stems, and dead roots are 
buried. Re-spading is done three or four times at weekly intervals. All 

. weeds should be pulled before they set seed The soil should again be 
spaded just before planting. 

Fertilizers and FYM are added and mixed thoroughly. A 5-6 cm layer 
of well-rotted FYM or leaf mold, and 1-2 kg of ammonium sulfate suffice 
for each 10 sq m. In heavy, clayey soils a 2-3 cm layer of unwashed sand 
should be added. Finally, the soil surface is raked smooth so that it is ready 
for planting. 

Seed procurement. Seed should be fresh, as it loses its viability with age 
and improper storage. If purchased much before it is actually required, it 
should be kept in a cool and dry place until it is planted. F 1 hybrid seed is 
expensive, but superior in quality to F2; however, it has to be purchased 
fresh every year. Seed should be clean and free of weed seeds. Samples 
including shrivelled and underdeveloped seeds should be rejected. 

Sowing time. Time of sowing depends upon germination, growth, and 
flowering responses to environmental conditions, which vary from place to 
place. In the ecologiea1 regions where there is a short growing season, as in 
the hilly areas, all annuals are grown during summer when the danger of 
frost is over, while in places with longer growing seasons, i.e. the plains, 
annuals are grown at different times of the year. Seeds of most winter 
annualS are sown in September-Octobe~'and transplanted in November
December, while summer annuals are sown in March-April and transplanted 
in April-May. Still another group called monsoon annuals, e.g. cock's comb 
aadcelosia, ate sown in July-::t\ugust and transplanted in August-September. 
Seeds of salVia, dahlias, hollyhocks, balSam, and marigolds are also sown in 
August-8eptember. . / 

Seed sowing. For/preparing nurseries, the seedbed should be finely 
pulverized but also firm. A 1-2 cm layer of well-decayed leaf mold is spread 
on the surface. Shallow furrows are made at 5-7 cm distances. Seeds are 
sown singly and then covered with finely-sieved leaf mold. Planting depth 
should be about twice the diameter or thickness of the seed. The seedbed 
is watered thorOUghly with a fine mist nozzle. Water should not run off. 

In order to prevent the seedbed from drying, it can be covered with 
newspaper, which is removed after the seedlings emerge. To avoid rain 
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damage, seeds may be sown in 5-7 cm deep wooden flats, which can be 
moved indoors as required. Seeds of plants susceptible to damping off are 
treated with fungicides. 

The seedlings of larkspur, poppies, and sweet peas are difficult to 
transplant; therefore these are either sown direct or sown in peat pots and 
then transplanted along with the pots. Morning glory, spiderplant, cornflow
ers, and nasturtium reseed freely; thus there is no need for re-sowing if they 
are to be grown again in the same beds. 

Germination time. Germination of seed depends upon many factors 
like internal physiological conditions of the seed, moisture, temperature, and 
light. The average number of days taken from sowing to germination varies 
from species to species. Some germination times are given here. 

5 days 

8 days 

10 days 

15 days 

Ageratum, cornflower, cosmos, dahlia, four-o-clock, mari
gold, morning glory, pink, stock, strawflower, ~nnia 

China aster, calliopsis, nasturtium 

Baby's breath, balsam, calendula, cock's comb, coleus, 
forget-me-not, pansy, petunia, phlox, portulacca, scabiosa, 
spider plant 

Globe amaranth, impatiens, salpiglossis, scarlet sage, snap
dragon, summer cyprus, vinca 

20 days Candytuft, gaillardia, larkspur, lupine, rudbeckia, verbena 

Transplanting. Small, young seedlings stand transplanting better than 
larger, older ones. Seedlings of summer annuals may be ready to transplant 
2-4 weeks after sowing. Those of winter annuals are transplanted ~ weeks 
after sowing. The plants are lifted carefully so that the roots are not injured. 
Seedlings are separated carefully, allowing as much soil as possible to re
main with the roots. The soil should be neither too dry nor too wet. 

Evening is the best time for transplanting; uprooted plants are kept in 
the shade so that the roots do not dry. The seedlings are planted immedi
ately after removal from the nursery, in holes which are made wide enough 
to accommodate the root system undisturbed. After transplanting. the soil 
around each seedling should be firmed and watered thoroughly. 

Plant spacing. Plant-to-plaQt distances depend on the size (spread) of 
the plant, climatic conditions, and the fertility of the soil. However, the 
fonowing plant spacings are recommended for various common plants; these 
distances may be adjusted according to local conditions. 

20-30 cm Larkspur, lupine; pansy, phlox, sweet pea, poppy, snapdrag
on, stock, calendula 



25-30 cm 

30-35 cm 
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Candy tuft, nasturtium, pink, scarlet sage, zinnia, baby's 
breath, china aster, cock's comb, coleus, cosmos. forget
rpe-not, gaillardia, globe amaranth, impatiens, portulacca, 
salpiglossis, strawfiower, sweet alyssum, vinca 

Calliopsis, marigold, rudbeckia, balsam, cornflower, dahlia, 
four~lock, petunia, scabiosa, spider plant, sunflower 

Thinning. If seeds are sown direct in the flower bed, they are thinned 
after developing two true leaves, taking care that the remaining plants are 
at proper distances according to their size and growth habit. 

Pinching. The growing tips of the seedlings of many plants like agera
turn, snapdragon, spiderplant, and verbena are pinched off in order to 
encourage branching and to keep them short and compact. 

Training and supporting. Vines like sweet peas, cyprus vine, clitoria 
and weak-stemmed, heavy-flowered plants like carnations, snapdragons, and 
salpiglossis need staking or use of special plastic netting. 

Watering. Flower beds are moistened thoroughly when they are moder
ately dry. Irrigation at noon time during summer in hot climates is not a 
good practice; it is better to irrigate in the evening. Sprinkling water on the 
foliage and flowers should be avoided. 

Hoeing. Hoeing loosens the soil, allowing better respiration of roots, 
and eradicates weeds. Hoeing is done when the soil has moderately dried. 
Hoeing should not be deep, otherwise the finer roots will be cut. It should 
be finely done, so that it can help to conserve moisture effectively as well as 
provide aeration to the roots. After hoeing, all weeds should be removed 
and the bed firmed. Weeding must be completed before seed formation. 

Suitability for different purposes. The size of a plant, its growing habit, 
and certain other foliar and floral characteristics make it suitable for specific 
purposes. Flowering annual plants are classified according to the purposes 
for which they are most often used. 

Edging 

Bedding 

Borders 

Screen 

Ageratum, candytuft, pansy, portulacca, sweet alyssum 

China aster, balsam, calendula, candytuft, cock's comb, 
cornflower, cosmos, dahlia, impatiens, marigold, nastur
tium, pansy, petunia, phlox, portulacca, salvia, snapdragon, 
stock, strawfiower, verbena, zinnia 

Gypsophilla, gaillardia, globe amaranth, lupine, pink, pop
py, salvia, sweet alyssum 

Cosmos, larkspur, morning glory, summer cypress, sweet 
peas, clitoria, hollyhock, sunflower 



550 Daud Ahmad Khan 

Cut flowers China aster, ageratum, gypsophilla, calendula, cornflower, 
cosmos, dahlia, gallardia, globe amaranth, larkspur, mari
gold, pansy, snapdragon, stock, strawfiower, sunflower, 
verbena, zinnia 

The common and botanical names of selected flowe~g annuals are 
given in Table 15.1 . 

. Table 15.1 Selected flowering annuals 

Common name Botanical name . 
WINTER FLOWERS 

Acroclinium 
Alyssum 
Antirrhinum (snapdragon) 
Arctotis (African daisy) 
Aster 
Bracbycome 
Buttercup 
Calendula 
Candytuft 
Carnation 
Cineraria 
Clarkia 
Cornflower 
Cosmos 
Chrysanthemum 
Delphinium 
Dianthus 
Dimorphotheca (Marigold) 
Eng&h daisy 
Hollyhock 
Iceplant 

Lineria 
Linum 
Nasturtium 
Nemesia 
Painted daisy 
Pansy -

Petunia 
l"bloll 
Poppy (SIDdey) 

Helipterum roseum 
AlySsum maritimum 
Antirrhinum majus 
Arctotis stoechadifolia 
Callistephus chinensis 
Brachycome iberidifolill 
Ranunculus acris 
Calendula officinalis 
lberis amara 
Dianthus caryophyllus 
Senecio cruentus 
Clarkia elegans 
Centaurea cyanus 
Cosmos bipinnatus 
Chrysanthemum morifolium 
Delphinium ajacis 
Dianthus chinensis 
Dimorplwtheca aurantiaca 
Bellis perenne 
Althea rosea 
Mesembryanthemum, Cryophytum. aystal
linum 
Lineria~ 
Linumgr ............ 
Tl¥J'f.lWIIID '.1IIIIIIjas 
.. 'Vim pria "" ... DIII 0.,,"'I11III CIIriIrtIlum 
JoWaIrip1lor 
hJImitl hybridII 
PItIo% tbummo1lllii 
, Paptwer rhoMJ 
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Common name 
Salpiglossis 
Salvia, scarlet sage 
Schizanthus 
Statice 
Stock 
Strawflower 
Sweet pea 
Sweet sultan 
Sweet William 
Verbena 
Wallflower 

Botanical name 
Salpiglossis sinuata 
Salvia splendens 
Schizanthus wisetonensis 
Limonium bonduellii 
Matthiola incana 
Helichrysum bracteatum 
Lathyrus odoratus 
Centaurea moschata 
Dianthus barbatus 
Verbena hybrida 
Cheiranthus cheiri 

SUMMER FLOWERS 
Amaranthus (tassel flower) 
Balsam 
Cosmos 
Celosia 
Cockscomb 
Gaillardia 
Gomphrena (globe 'amaranth) 
Sunflower 
Kochia 
Marigold (African) 
Marigold (French) 
Morning glory 
Morning glory (dwarf) 
Portulaca (moss rose) 
Zinnia 

15.5 Perennials 

Amaranthus caudatus 
Impatiens holsti 
Cosmos sulphureus 
Celosia plumosa 
Celosia argentea cristata 
Gaillardia amblyodon 
Gomphrena globosa 
Helianthus annuus 
Kochia scoparia 
Tagetes erecta 
Tagetes patula 
Ipomoea purpurea 
Convolvulus trieolor 
Portulaea grandiflora 
Zinnia elegans 

Herbaceous plants which live for more than two growing seasons are known 
as perennials. There is a wide range of ornamental plants in this group, 
which differ in size, growth habit, flower shape, size, colour, flowering 
season, foliage, and hardiness. They are indispensable for landscape planting. 
Once planted they remain for several seasons, and can usually be multiplied 
easily. 

Because of their ease of planting, wide range of growth habits, and 
beauty, perennials are suitable for many purposes: ground cover and grass 
substitutes, shade gardens, wild gardens, naturalization, cut flowers, screen 
and baCkground planting, herbaceous borders, and landscape structure. 
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15.5.1 Selection of perennials 

Perennials remain in the soil for several years; one must, therefore, be very 
careful in selecting them. With the tremendous diversity of perennial species, 
many factors influence their sdection. Major considerations are: size, form, 
and growth habit; seasonality of bloom, bloom colour, bloom duration, and 
recurrence of blooming; foliage characteristics like leaf size, form, texture, 
colour, seasonality of colour, and hardiness; purposes of planting; perma
nence and hardiness; and problems relating to maintenance and care of the 
plants. 

Besides the,above characteristics, the plants selected should grow well 
in the soil and climatic conditions of the locale selected and tolerate 
drought, heat, cold, and diseases. They should be true perennials and not 
biennials, should bear beautiful blooms, and have pleasing shapes. They 
should have beautiful foliage and long, strong stems, be able to stand with
out support, and be easy to maintain. They should have 2 long blooming 
season and should not be spreading and weedy. 

Growth habits. Plant height and form are the major criteria for select
ing plants for particular situations. For plant height, plants are classified as: 
small (less than 30 cm), small-medium (30-60 cm), medium (60-90 cm), tall 
(90-120 cm), and very tall (more than 120 cm). Plant form refers to the 
appearance of the entire plant within its extremities. The following forms are 
recognized: compact (Be/lis perennis, anchusa); spreading-rooting (phlox, 
vinca, ranunculus); underground stems suckering (coreopsis, aster); erect 
(lilium, salvia, delphinium); sprawling (alyssum, gaillardia). 

Blooming habit. This characteristic includes many factors such as 
blooming singly or in clusters, in raceme or in cymes, terminally or laterally, 
size, shape, colour, seasonality, recurrence and periodicity of blooming, and 
fragrance. An attractive display of flowers, well-distributed over the bed, 
should be available throughout the year, particularly from early spring to 
late autumn. In certain places winter blooming is also possible. 

Foliage char!lcteristics. Good foliage throughout the season is essential 
to the appearance of perennial borders. It will frequently soften many 
otherwise harsh combinations. Selected plants should have beautiful foliage 
and retain it for long periods. Flowers, though, should not be hidden by too
large leaves. 

Purpose. As described earlier, perennials are planted to achieve certain 
purposes; while making a selection of plants they should be objectively 
examined for their suitability for the specific purpose required. 

Permanence. Perennials last for several seasons, but not forever. Their 
longevity or permanence depends upon many factors-mainly hardiness to 
vagaries of weather, resistance to pests, adaptability to varying soil condi
tions, and ability to survive under unfavourable circumstances. The more 
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, 
permanent anq hardy the selected plants, the less will be the upkeep, care, 
and replacement. 

Ease of maintenance and care. The performance of a plant depends on 
the environment in which it is grown. Each plant has its optimum growing 
conditions. Some plants grow better in relatively low temperatures, while 
others prefer warm temperatures. Similarly, different plants prefer different 
types of soils: light, heavy, sandy, calcareous. They also differ in sunlight 
or shade growing conditions, and water requirements. Therefore in choosing 
landscape plants, great emphasis should be put on their suitability for the 
environmental conditions in the locality where they are to be planted. 

For proper maintenance and care of perennial plants, the following 
tasks may need to be done. 

• Hoeing, weeding, and forking over the soil if the plants are panned 
down by rain. 

• Irrigation when needed, recognizing that over-irrigation is more harmful 
than under-irrigation. 

• Staking ot tall plants and those bearing heavy flowers. 

• Removal of old and unsightly leaves and flowers to improve the appear
ance of plants and encourage further flowering. 

• Feeding with appropriate fertilizers at proper times. 

• Lifting and dividing every three to four years: autumn is the best time 
to divide perennials. 

• Protection against pests, diseases, and inclement weather conditions. 

15.5.2 Planning a border 

Designing a border is a creative act, like painting a landscape. Apart from 
esthetics, one should have a thorough knowledge of the characteristics of 
perennial plants. One has to take into account the size of the border, bloom 
succession, colour combinations, plant combinations, and plant size. Inspira
tion for planning comes from knowledge, observation, and experiment. 

The dimensions of the border are important. Narrow, 1 m-wide borders 
will have space for only two heights. Borders 150-180 cm wide may have 
space for three or four different heights. For maximum effect, the border 
should be 150-180 cm wide. The length of the border has a close r.elation
ship with its width; this is a matter of scale and proportion. A very wide but 
short border appears unbalanced and odd. A narrow border 1-2 m wide 
could be about 15 m long, and a wider one could be as long as 25 m. 

Plans should always be prepared on paper and revised as often as 
necessary. The planner should see that the border has an even distribution 
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of blooms over its entire length and breadth all year round. Concentration 
of blooms at one place is bad planning; therefore plants blu\lming at the 
same time should be distributed throughout the border. Similarly, assign
ment of plants according to their sizes has to be done thoughtfully. Taller 
plants should be planted in the b.ack row and the smaller plants in the front 
row. Plants of medium height should M adjusted according to their- heights 
in the mid~e rows. The plants in the first" row should have good foliage. The 
border shOuld slope from back--tc;> front throughout its length. 

Colour combination is very important in any artistic work. Without 
proper blending of colours the desired effect of a border is not achieved. 
However, satisfactory effects can be realized by merely having an adequate 
amount of healthy, vigorous foliage to act as background for the blooms and 
a buffer betWeen any chance discordant .colours. For narrow borders it is 
advisable to use single colours; warm colours in VaIYmg hues are appropriate 
here. Deep-blue is effectively .contrasted with yellow. Similarly, whi~e com
bines favourably with blue. 

15.5.3 Preparation of beas and borders 
Preparation of beds and borders begins with good soil preparation. Since sail 
preparation is less frequent for perennials, the ,initial miXing of the proper 
amounts of organic manure and fertilizers is very important. There should 
be at least 30 cm or more of this material for successful growth and sus
tained development of perennial plants. 

The common and botanical names of selected perennial flowers are 
given in Table 15.2. 

Table 15.2 Selected perennial flowers 

Common name 
PeriWiDkle 
Anchusa 
Forget-me-not 
Bellflower 
Baby's breath 
Carnation 
Pink (Maiden) 
Sweet WiTIiam 
Aster 
Aster 
Blanket flower 
Chrysanthemum 
Coneflower 

Botanical name 
Vinca minor 
Anchusa barrelieri 
Myosotis scorpioides 
Campanula carpatica 
Gypsophila paniculata 
Dianthus caryophyllus 
Dianthus deltoide~ 
Dianthus barbatus 
Callistephus alpinus 
Callistephus subcaerulens 
Gaillardia aristata 
Chrysanthemum morifolium 
Rudbeckia speciosa 

Family 
Aj)OCyDaceae 
Boraginaceae 
Boraginaceae 
Campanulaceae 
Caryophyllaceae 
Ouyophyllaceae 
Caryophyllaceae 
CaryophyDaceae 
Compositae 
Compositae 
Compositae 
Compositae 
Compositap 
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Common name Botanical name Family 
Cornflower Centaurea montana Composltae 
Dahlia Dahlia coccinea Compositae 
English daisy Bellis perennis Compositae 
Goldenrod Solidago canadensis Compositae 
Painted daisy Pyrethrum roseum Compositae 
Sunflower Helianthus orgyalis Compositae 
Tickseed Coreopsis lanceolata Compositae 
Candytuft Iberis sempervirens Cruciferaceae 
Goldentuft Alyssum saxatile Cruciferaceae 
Wallflower Cheiranthus allionii Cruciferaceae 
Scabiosa Scabiosa columbaria Dipsaceae 
Iris Iris sp. Iridaceae 
Iris (bearded) Iris germanica Iridaceae 
Iris (beardless) Iris pseudacorus Iridaceae 
Iris (crested) Iris tectorum Iridaceae 
Iris (English) Iris xiphioides Iridaceae 
Salvia Salvia azurea Labiateae 
Day lily (tawny) Hemerocallis fulva Liliaceae 
Day lily (lemon) Hemerocallis flava Liliaceae 
Lilium Lilium philippinense Liliaceae 
Lilium Lilium formosum Liliaceae 
Lilium Lilium regale Liliaceae 
Lobelia Lobelia cardinalis Lobeliaceae 
Hollyhock Althea rosea Malvaceae 
Four o'clock Mirabilis jalapa Nyctaginaceae 
Iceland poppy Papaver nudicale Papaveraceae 
Oriental poppy Papaver orientale Papaveraceae 
Statice Limonium latifolia Plumbaginaceae 
Primrose Primula polyantha Primulaceae 
Buttercup Ranunculus acris Ranunculaceae 
Larkspur Delphinium grandiflorum Ranunculaceae 
Monk's hood Aconitum fischeri Ranunculaceae 
Windflower Anemone coronaria Ranunculaceae 
Windflower Anemone japonica Ranunculaceae 
Foxglove Digitalis purpurea Scrophulariaceae 
Verbena Verbena tenera Verbenaceae 
Verbena Verbena canadensis Verbenaceae 
Violet Viola papilionacea Violaceae 
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15.6 Flowering bulb! 

Flowering bulbous plants include all the plants having bulbs, corms, or tu
bers- underground thickened roots or stems. These structures maintain life 
during the dormant period or during adverse conditions, and also store food 
for rapid above-ground growth. These plants are very popular for the exqui
site beauty of their flowers, attractive colours, unique flower shapes, plant 
forms, ease of culture and transportation, and longevity of the flowers. They 
can be grown in beds, in gaps between shrubs, and in shady places and pots. 

True bulbs are of two types: tunicated as narcissus and scaly as liIium. 
The structure consists of a very shortened stem with fleshy leaves which act 
ItS storage for the food materials. A corm is also a shortened stem but it is 
solid, and nodes and internodes are visible on the structure; a typical exam
ple is gladiolus. Tubers are thickened roots like that of dahlia. Canna and 
ranunculus have typical fleshy rhizomes and fleshy roots, respectively. 

Bulbs fall into three classes based on their adaptibility: hardy, half
hardy, and tender. Hardy bulbs can be left in the ground for several years, 
whereas half-hardy bulbs can be left in the ground during winter in regions 
with mild climates but require protection in cold er climates. Tender bulbs, 
however, must be taken indoors in winter even in mild climates. Planting of 
hardy bulbs should be done in autumn. Anemone and perishable bulbs like 
freesias should be planted in September. Small bulbs like crocus, scilla, and 
muscari are best planted during October or early November. All others are 
planted during November-December, depending upon the species and when 
flowers are desired (Laurie and Ries 1950:298). 

A medium consisting of four parts rich soil, three parts coarse sand, 
four parts well-rotted compost, and one part bonemeal is considered good 
for growing bulbs in containers. Most bulbs are planted to a depth of about 
three times their own diameter or thickness, with a minimum of 5 cm. The 
amaryllis bulb is planted so that its neck protrudes above ground. 

Cultural operations include all those practices which are necessary for 
perennials. Tender bulbs are, however, dug out after their foliage has dried. 
These bulbs are stored until needed for planting next season. 

Some of the important bulbs are: narcissus, tulip, hyacinth, crocus, 
gladiolus, amaryllis, tuberose, canna, dahlia, caladium, lilium, and freesia. 

15.7 Roses 

Roses are woody perennials including shrubs, bushes of various sizes, ram
blers, and climbers, as well as very small plants known as miniatures. There 
is a tremendous diversity of growth habit, flower form, and colour among 
roses. The rose is the most popular of the flowers because of its beauty and 
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fragrance and is rightly called the queen of flowers. No garden is considered 
complete without roses. . 

Classification. Modern cultivars of roses have resulted from a long 
process of hybridization. Consequently, rose classification is quite complex. 
A botanical or exhaustive professional classification of roses is not needed 
here, and a brief, practically-oriented list of the main groups and their 
important attributes will suffice. 

Bedding roses are smaller than shrubs. They include the following 
groups. 

HYBRID TEAS are bedding rose~ with large, shapely, and often frwant 
blooms. Usually solitary blooms are borne at the terminals of branches 
produced during the current season. Blue Moon, Chicago Peace, Ena Hark
ness, Fragrant Cloud, Mischief, Peace, and Super Star belong to this class. 

FLORIBUNDAS are also good bedding roses. Their blooms are smaller and are 
borne terminally in clusters on current-season branches. Daily Sketch, 
Fashion, Iceberg, Seven Seas, Spartan, and Tip Top belong to this group. 

GRANDIFLORA roses have the characteristics of both the groups described 
above. The blooms are shapely, large, and borne in clusters of a smaller 
number of flowers. These are also referred to as the floribunda -h ybrid tea 
type. An example is Queen Elizabeth. 

POLYANTHA POMPON are bushy bedding roses which flower freely and bear 
smaller blooms. The plants are of restricted growth. Golden Salmon, Paul 
Crampel, and Gloria Mundi are examples. 

MINIATURE or fairy roses bear small flowers, and are small and compact. 
They flower like the hybrid teas and floribundas. Examples are Bambino, 
Gold Coin, Mimi, Baby Pinnochio, Beauty Secret, Starina, and Sweet Fairy. 

Ramblers flower only during summer on the preceding year's canes. The 
ca~es produce only once, and canes which have flowered are cut out in the 
pruning season. Climbing roses are of rather indeterminate growth, possess 
relatively large flowers and stiff wood, and do not renew themselves from 
the base every year. Shrub roses are of erect growing habit, smaller than 
small trees, and bigger than the groups already described. 

Soils. Roses prefer porous and well-drained, medium-heavy clay loam 
soils, containing 20-30% clay. They d~ not like heavier soils. 

Planting. Fall or late winter is the best time for planting. Potted plants 
may be planted in early spring. For planting, dig a hole large enough to 
permit the roots to be spread out. Before planting, trim all injured roots and 
cut back the tops to 15-20 cm. The plants are set out so that the stock-scion 
union is level with the soil surface. Saplings raised from cuttings should be 
set at the same level as those grown in the nursery. The soil is packed 
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thoroughly around the roots, and a mound of soil is made around the 
branches to prevent rapid evaporation and withering before the roots be
come established. Newly set out plants are irrigated immediately after 
planting. Bedding roses are planted at 1-1.5 m distances. 

Pruning. Pruning is a most important, yearly operation. All suckers, 
weak branches, and dry, diseased, and otherwise undesirable growth is re
moved. Healthy and vigorous branches are left on the plants and cut, leaving 
only 15-20 cm from the base. Early spring, before the start of new growth, 
is the best time for pruning. 

Other cultural operations are similar to those for perennials. 

'15.8 Trees, shrubs, and vines 

Trees have always been valued as symbols of life, strength, and beauty. The 
demand for trees has greatly increased because of better understanding of 
their benefits and beauty, rapid urbanization, and improvement in people's 
financial and educational status. Trees not only contribute to our enjoyment, 
consolation, and well-being, but also are useful in enhancing the beauty and 
dignity of the environment. Trees in landscaping are often used to form 
vistas, frame views, create accents and emphasis, and reduce the boredom 
of brick and mortar. They provide shade and enjoyable fragrance. Because 
of all these attributes, landscape trees add to the value of real estate. 

Plants influence our physical environment by purifying the air and 
reducing noise and erosion. Plants moderate the effect of hot and harsh 
summer climates. They provide shade, reduce temperatures, increase hu
midity, and break the force of strong winds. They can increase fog precipita
tion and snow deposition. 

Trees in an urban setting. Beautification is the primary aim of planting 
trees in towns and cities, but besides aesthetics, plants serve useful purposes. 
Shrubs can screen headlight glare from oncoming traffic and reduce glare 
and reflection from the sun or artificial lights. Plants can be used to direct 
foot and vehicular traffic, and can serve as road dividers or barriers to out
of --control vehicles. 

Trees to be planted in cities should be hardy errough to withstand the 
stresses of the urban environment-gas, smoke, dust, bad drainage, poor, 
hard and impervious soil, heat, light, and radiation. They often must contend 
not only with impoverished dry soil, but also with intense summer heat, 
multiplied by reflection from building walls and pavement. City air is also 
highly polluted with toxic gases which cause the rapid defoliation of all but 
a few highly resistant species. 

Trees should be selected carefully for adaptation to the harsh conditions 
found in cities. A smooth and waxy leaf surface is more easily washed by 
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rains or winds. Smoke and soot do not adhere to a smooth surface as much 
as to rough, pubescent surfaces. Trees that renew their leaves frequently can 
withstand the bad effectll of gas and soot better than trees that keep their 
leaves for a long time. Shallow-rooted species are better for planting along 
roads. Trees observed to be resistant to pollution are Ailanthus, Gladitschia, 
Albizzia julibrissim, Alstonia schoiaris, and magnolia. 

Plants should be matched to the places inteTlded to be planted. For 
example, the shapes and sizes of the following plants are suitable for plant
ing in the types of places indicated. 

Eucalyptus or Albizzia 
Poinciana, Washingtonia, Ficus 
Tecoma stans, Schinus terebinthifolia 
Sterculia 

highways 
wide city roads 
narrow streets 
small gardens, where space is 
limited 

During the planning process one should avoid planting trees or shrubs 
near electricity, water, gas, and drainage systems along roads and streets, or 
in houses. The planting hole should be made sufficiently deep and wide, and 
all the old soil should be replaced by fresh fertile soil. 

Trees newly planted in the city should be guarded from compaction and 
physical damage by pedestrians by putting metal grills or metal cylinders 
around them. They should be properly cared for, which includes training, 
pruning, fertilization, irrigation, and protection against pests, diseases, and 
vandalism. Whenever necessary, replacements should be made promptly with 
the same type and size of plant. 

Trees in home gardens. Trees are very important in the home garden. 
Besides their aesthetic value, they play an important role in moderating the 
micro--climate of the house. They protect the house and its dwellers from 
extremes of weather, and can shield it from storm winds which can otherwise 
damage the property. Trees filter and purify the air from dust, and provide 
shade and protection against ultraviolet radiation. 

Species selected for the home should be adapted to the particular 
climatic zone. Plants of colder areas like maples, pines, platanus, and oaks 
cannot grow in tropical areas; similarly, plants of warmer areas, like cassias, 
delonix, magnolia, and palms do not grow in colder areas. Another consid
eration is the size of the home ground and the amount of space available. 
In a small area only smaller trees can be grown, whereas if the area is big 
enough a number of large and small trees can be accommodated and· the 
choice is broadened. The shape and size of the trees at maturity should be 
in a proper relationship to the size of the house. 

A third consideration is the functional usefulness of the trees. The 
number of species which can withstand the polluted atmosphere, psmr soil, 
and limited soil water penetration in towns and cities is . limited. Trees for 
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I seashore homes should be able to tolerate salt-laden winds. Poplars, willows, 
silver maple, and mulberry invade and clog sewer lines. Deep-rooted trees 
are less competitive with lawns and flower beds than shallow-rooted ones. 
Species with broad leaves require more leaf disposal than those with tiny 
leaves. Trees for shade should have thick foliage and spreading habit. Trees 
used for windbreaks and screens should be evergreen, retaining branches 
close to the base throughout their lives. They should be deep-rooted, with 
tough wood and the flexibility to withstand strong winds. 

The names and height characteristics of several trees, shrubs, and vines 
are presented in Table 15.3. 

Table 15.3 Selected trees, shrubs, and vines 
Common name Botanical name Ht (ft) 

Aam 
Kanak champa 
Andrikni 
Bargad 
Pilkhan 
Peepal 
PeepJi 
laman 
Chinese elm 

Kangar 
Tallow tree 
Sufaid shreen 
Simbal 
Tun 
Neem 

Alstonia 
Arjan 
Eucalyptus 
Cheel 
Cheel 
Silver oak 

Sheesham 
Coral tree 
Seedless ash 
Chinar 

Big, umbrella shaped, evergreen 
Mangifera indica 50-60 
Pterospermum acerifolium 60-70 
Bischofia javanica 50-70 
Ficus bengalensis 50-60 
Ficus infectoria 30-35 
Ficus religiosa 40-60 
Ficus retusa 30-35 
Eugenia jambolana 50-60 
Ulmus parvifolia 40-60 
Big, umbrella shaped, deciduous 
Pistacia integgerima 50-60 
Sapium sebiferum 40-60 
Albizzia procera 60-80 
Salmelia malabarica 80-100 
Cedrela toona 50-60 
Azadirachta indica 50-60 
Big, columnar, evergreen 
Alstonia scholaris 60-80. 
Terminalia arjuna 80-100 
Eucalyptus citriodora 80-90 
Pinus helepensis 40-45 
Pinus roxburghit 60-80 
Grevillea robusta 25-30 

Big, columnar, deciduous 
Dalbergia sissoo 60-80 
Erytherina suberosa 50-60 
Fraxinus pennsylvanica 50-60 
Platanus orientalis 80-100 

Family 

Anacardiace ae 
Sterculiaceae 
Euphorbiaceae 
Moraceae 
Moraceae 
Moraceae 
Moraceae 
Myrtaceae 
Ulmaceae 

Anacardiaceae 
Euphorbiaceae 
Leguminoseae 
Malvaceae 
Meliaceae 
Meliaceae 

Apocynaceae 
Combretaceae 
Eucalyptus 
Pinaceae 
Pinaceae 
Proteaceae 

Leguminosae 
Leguminosae 
Oleaceae 
Platanaceae 
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Common name Botanical name Ht (ft) Family 
Poplar Popu/us euamericana 50:60 Salicaceae 
Kar Celtis australis 40-50 Urticaceae 

Small, umbrella shaped, evergreen 
Maple Acer oblongum 40-50 Aceraceae 
Kali mirch Schinus molley 30-40 Anacardiaceae 
Putanjan Putranjiva roxburghii 35-40 Euphorbia 
Kachnar Bauhinia purpurea 20-25 Leguminosae 
Amaltas Cassia fistula 30-40 Leguminosae 
Sukh chaen Pongamia glabra 25-30 Leguminosae 
Magnolia Magnolia grandiflora 20-25 Magnoliaceae 
Bottle brush Callistemon lanceolatus 20-25 Myrtilceae 
Willow, Laila Salix tetrasperma 50-60 Salicaceae 

Small, umbrella shaped, deciduous 
Beeri patta Heterophragma adeno- 30-40 Bignoniaceae 

phyllum 
Persimmon Diospyros leaki 25-30 Ebenaceae 
Silk tree Albizzia julibrissin 30-40 Leguminosae 
Kachnar Bauhinia alba 30-40 Leguminosae 
Kachnar Bauhinia variegata 20-25 Leguminosae 
Gul mohar Poinciana regia 30-40 Leguminosae 
Bakain Melia azaderch 25-30 Meliaceae 
Toot Morus alba 30-40 Moraceae 
Samandar phal Barringtonia acutangula 20-25 Myrtaceae 
Gul fanoos Lagerstroemia flosreginae 30-35 Lythraceae 
Aaru Prunus persica 20-25 Rosaceae 
Weeping willow Salix babylonica 30-35 Salicaceae 

Small, columnar, evergreen 
Saroo Cupressus sempervirens 35-50 Pinaceae 
Jacaranda Jacaranda mimosifolia 20-30 Leguminoseae 
Black locust Robinia pseudoacacia 25-30 Leguminoseae 

Small, columnar, deciduous 
Nashpati Pyrus communis 20-25 Rosaceae 
Poplar Populus nigra 25-30 Salicaceae 

Tall shrubs 
Frangipani Plumeria obtusa 10-12 Apocynaceae 
Thevitia Thevitia nerifolia 12-15 Apocynaceae 
Tecoma Tecoma stans 10-15 Bignoniaceae 
Morpankh Thuja orientalis 15-20 Pinaceae 
Barbados pride Poinciana pulcherrima 12-15 Euphorbiaceae 
Cassia Cassia glauca 8-12 Leguminoseae 
Pahari gurhal Hibiscus mutabilis 10-12 Malvaceae 
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Common name Botanical name Ht (ft) Family 
Gul fanoos Lagerstroemia speciosa 15-20 Lythraceae 
Haar-singhar Nyctanthes arbortristis 12-15 Oleaceae 
Anar Punica granatum Punicaceae 
Hamelia Hamelia patens 15-20 Rubiaceae 
Khatta Citrus aurantium 15-20 Rutaceae 
Kamni Murraya exotica 15-20 Rutaceae 

Small shrubs 
Eranthemum Eranthemum nervosum 5-8 Acanthaceae 
Kaner Nerium odorum 8-10 Apocynaceae 
Chandni Tabemae montana coroneria 5-8 Apocynaceae 
Poinsettia Poinsettia pulcherrima 5-8 Euphorbiaceae 
Buddleia Buddleia asiatica 8-10 Logaoiaceae 
Buddleia Buddleia hybrida 8-10 Loganiaceae 
Gurhal Hibiscus rosa sinensis 8-10 Malvaceae 
Pahari gurhal Hibiscus syriacus 8-12 Malvaceae 
Chambeli lasminum grandiflorum 15-20 Oleaceae 
Peeli chambeli lasminum humile 10-15 Oleaceae 
Motia lasminum sambac 3-5 Oleaceae 
Gardenia Gardenia florida 8-10 Rubiaceae 
Raat ki rani Cestrum noctumum 5-8 Solanaceae 

Palms 
Coconut palm Cocos nucifera Palmaceae 
Kentia Howea forsteriana Palmaceae 
Chinese palm Livistona chinensis Palmaceae 
Common date palm Phoenix dactylifera Palmaceae 
Sabal palm Rhapis sabal Palmaceae 
Royal palm Roystonea regia Palmaceae 
Washington fan Washingtonia filfera Palmaceae 
palm 
Cycas Cycas revoluta Cycadaceae 

Creepers 
Bignonia Bignonia venusta Bignoniaceae 
Tecoma Tecoma grandiflora Bignoniaceae 
Honeysuckle Lonicera japonica Caprifoliaceae 
Rangoon creeper Quisqualis indica Combretaceae 
Railway creeper Ipomoea camea Convolvola-

ceae 
Porana Porana paniculata Convolvula-

ceae 
Banisteria Banisteria laurifolia Malpighiaceae 
Bougainvillea Bougainvillea glabra Nyctaginaceae 
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Common name 
Bougainvillea 
Chambeli 
Antigonon 

Botanical name 
Bougainvillea spectabUis 
Jasminum officinale 
Antigonon leptopus 

15.9 House plants 

Ht (ft) Family 
Nyctaginaceae 
Oleaceae 
Polygonaceae 

A large number of plant species, selected from diverse ecological regions, 
are grown in containers for decoration inside and around buildings. These 
house plants must grow under non-natural conditions, usually confined to 
pots of varying sizes. The most popular ones are those which remain healthy 
and grow slowly. Plants that double in size in a few months outgrow their 
usefulness as decorative plants. Plants which grow well under shady or semi
shady conditions keep well indoors and are referred to as indoor plants. 
Indoor decoration with plants is called interior landscaping or interior plant
scaping. The same principles are applied as for outdoor landscaping. 

Today's life style, particularly in urban areas, is characterized by intense 
competition, causing stresses, strains, depression, and hypertension. Plants 
can serve as a source of beauty and serenity, providing r~laxation and help
ing to enlarge the imagination and revive the spirit. 

15.9.1 Causes of plant failures in the house 

Plants grown inside are as though kept under house arrest. The environment 
inside a house is quite different from the natural habitat from which they 
are selected. The house environment has abnormal temperatures, restricted 
air circulation, unusual light conditions, low humidity, cooking gases, dust, 
and other pollutants, water of different composition, and artificial means of 
irrigation. All these conditions are not favourable for normal plant growth. 

When selecting house plants, one should look for those which are 
relatively tolerant to an environment with limited fresh air, relatively dry air, 
narrower differences in day and night temperatures, limited space for the 
root system, limited lateral and vertical space for branching, over or under
watering abuse, unnatural light regimes, and unnatural water composition. 

15.9.2 Growing requirements 

Light. Light is essential for the growth and development of plants and many 
vital processes within plants. Three aspects of light are important - intensity, 
duration and colour. Each plant species has a minimum light requirement 
below which it cannot survive, and the selection of plants for the house must 
be based on this factor. 
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Temperature. All biochemical reactions responsible for the life of 
plants are influenced by temperature. Tropical or subtropical plants need 
relatively high temperatures for normal growth. Most of them grow satisfac

. torily at temperatures between 18 and 24°C, preferably with a 5-10°C drop 
at night. They are usually injured at temperatures below 4.5-7°C. 

• Moisture. Water is a major component of the plant's body, and judi
cious application of water is one of the key factors in the maintenance of 
house plants. The amount and the intervals between irrigations cannot be 
predetermined since they depend upoq the environmental conditions. Over
watering is the major abuse with -house plants, and must be avoided at all 
costs. The error, if any, should be on the dry side rather than the wet. When 
irrigation is done, the growing medium should be thoroughly wetted; excess 
water should drain off through the drainage hole. 

Growing media. Not all house plants grow equally well in the same 
type of growing medium. An ideal growing medium is one which contains 
all the nutrients in available form, is porous and well-drained while retaining 
moisture well, and is light in weight. It should be low in soluble salts, with 
a suitable pH and sufficient cation exchange capacity. It should be uniform, 
disease and pest-free, and compatible with the natural habitat of the species. 

Most house plants, except 'cacti, prefer a nighly organic, acid growing 
medium (pH 5.8-6.5). A growing medium consisting of good garden soil, 
leaf compost, and sand in equal proportions by volume is considered good. 
Addition of wood shavings makes it airier. In order to prepare a nutrition
ally balanced medium, the following fertilizers are added to each cubic 
meter of the above mixture. 

• 3 kg calcium carbonate to raise pH to a range of 5.8-6.2 

• 3 kg single superphosphate to promote initial root growth and supply 
the plant with required phosphorus 

• a micro-element mix composed of 30 g each of copper sulphate, zinc 
sulphate, manganese sulphate, and iron chelate 

Sphagnum peat, a natural organic compost, and synthetic materials like 
vermiculite, perlite, or polystyrene beads used in highly industrialized coun
tries to make the medium more porous and well-drained, are not available 
in Pakistan. Sand and tree bark perform the same function just as well. 

Nutrition. Excesses or deficiencies of any of the essential elements 
cause problems for healthy plant growth. Therefore a well-managed fertilizer 
programme should provide balanced nutrition at all times. N, P, and K are 
needed in larger quantities than the remaining 13 essential elements. Indoor 
plants should not be allowed to grow large or fast. If overgrown, they lose 
their usefulness as indoor plants. The fertilization programme should be 
planned careftPly so that the plant remains healthy and maintains a suitable 



FLORICULTURE AND LANDSCAPE GARDENING 565 

shape and size. The following schedule of fertilizer application has proved 
satisfactory under our conditions in Pakistan. 

1. No feeding to the newly potted plant for 2-3 months. 

2. Monthly application of a mixture of potassium nitrate, calcium phos
phate, and ammonium sulphate, in a ratio 1:~:2, in water solution at the 
rate of 2 gIlitre of water. . 

3. Fortnightly application of nitrogenous fertilizer at the rate of 7 g of 
ammoniUI,ll sulphate per litre of water. 

In some countries slow release fertilizers are available which supply nutrients 
to the plants slowly for up to six months or more. 

Potting and repotting. Pots or containers should be selected carefully. 
Their size should be suitable for the size of the plant. A small pot cannot 
hold enough growing mediuPl to support a large plant. The container should 
be durable, light in weight, attractive in appearance, and easy to handle. 
Dark-coloured containers placed in the sun build up heat in the growing 
medium, which is harmful to the plant. The container should have a suffi
cient number of drainage holes which are covered with crocks, taking care 
that they are not clogged. 
, The best potting time is just before the normal active period of growth 
of each kind of plant. Use pots of proper size, neither too big nor too small, 
and cover the drainage hole with crocks. Prune the roots and branches in 
order to balance the two and minimize the transpiration surface. Irrigate 
immediately after potting. 

Care and maintenance - summary. Some common guidelines for the 
care and maintenance of house plants are summarized here. Use a soil 
medium compatible with the natural habitat of the species, and fertilize 
plants at proper intervals. Provide sufficient light but avoid direct sunlight. 
Ensure fresh air but avoid drafts. Water carefully, but do not over-water, 
avoiding splashing water on the leaves. Turn the containers slightly every 
third or fourth day for uniform growth, otherwise the plants will grow 
towards the light source. Do not let the leaves touch walls or furniture. 
Wipe smooth-leaved plants occasionally to keep them healthy and attractive; 
plants with hairy leaves should not be washed. Lightly prune plants occasion
ally to keep them trim. Pinching plants will make them bushier, and with 
flowering plants, disbudding produces larger blooms. Remove dead, off
colour, and spotted leaves as they appear. Every one or two years repot 
plants as they outgrow their pots, discarding the old soil and pruning the 
roots slightly. If a plant appears to be unwell, diagnose the problem in 
consultation with a plant protection expert and take appropriate measures. 
Acclimatize plants before moving them from one location to another. 

A list of common house plants is presented in Table 15.4. 
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Table 15.4 Selected house plants 

Common names Botanical names Family 
Shrimp ptaDt JJe/Operone guttata Acanthaceae 
Bloodleaf plant Iresine lindeni Amaranthaceae 
Chinese evergreen Aglaollema crispa Araceae 
Cheese plant Monstera deliciosa Araceae 
Dumb cane Dieffenbachia picta Araceae 
Pothos Scindapsus aureus Araceae 
Philodendron Philodendron melanochryson Araceae 
Peace lily Spathiphyllum blandum Araceae 
Arrowhead vine SYRgonium podophyllum Araceae 
English ivy Hedera helix Araliaceae 
Umbrella tree Schefflera arboricola Araliaceae 
Araucaria Araucaria heterophylla Araucariaceae 
Busy lizzie Impatiens walleriana Balsaminaceae 
Wax begonia Begonia semperflorens Begoniaceae 
Begonia Begonia elatior BegQniaceae 
Begonia Begonia rex (hybrid) Begoniaceae 
Ananas Ananas comosa Bromeliaceae 
Orange star Guzmania lingulata Bromeliaceae 
Wandering jew Tradescantia fluminensis Connnelinaceae 
Good-luck plant Kalanchoe daigremontiana Crassulaceae 
Flaming Katy Kalanchoe blossfeldiana Crassulaceae 
Cycas ---Cycas revoluta Cycadaceae 
Croton Codiaeum variegatum Euphorbiaceae 
Crown-of-thorns Euphorbia splendens Euphorbiaceae 
Poinsettia Euphorbia pulcherrima Euphorbiaceae 
Geranium Pelargonium grandiflorum Geraniaceae 
Asparagus Asparagus plumosus Liliaceae 
Asparagus Asparagus sprengeri Liliaceae 
Aspidistra Aspidistra elatior Liliaceae 
Spider plant Chlorophytum comosum Liliaceae 
Cordyline (ti plant) Cordyline terminalis Liliaceae 
Dracaena Dracaena deremensis Liliaceae 
Ruscus Ruscus hypoglossum Liliaceae 
Sansevieria Sansevieria trifasciata Liliaceae 
Calathea Calathea zebrina Marantaceae 
Maranta Maranta leuconeura Marantaceae 
Weeping fig Ficus benjamina Moraceae 
Rubber plant Ficus elastica Moraceae 
Common palm Livistona chinensis Palmaceae 
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Common names Botanical names Family 
Ruscus Ruscus hypoglOssum Ldlaceae 
Sansevieria Sansevieria trifasciata Liliaceae 
Calathea Calathea zebrina Marantaceae 
Maran.ta Maranta leuconeura Marantaceae 
Weeping fig Ficus benjamina Moraceae 
Rubber plant Ficus elastica Moraceae 
Kentia palm Howeia belmoreana Palmaceae 
Common palm Livistona chinensis Palmaceae 
Peperomia Peperomia obtusifolia Piperaceae 
Maidenhair fern Adiantum Polypodiaceae 
Pomegranate Punica granatum Punicaceae 
Ixora /xora chinensis Rubiaceae 
Aluminum plant Pilea cadierei Urticaceae 
Artillery plant Pi/ea microphyl/a Urticaceae 
Clerodendrum Clerodendron thomsonae Verbenaceae 

QUESTIONS 

1. What is meant by landscape architecture? 

2. What considerations are important in planning the landscape in the pre
mises of a house? 

3. Name the elements of design. 

4. What is the significance of colour in a design? 

5. What is meant by scale and proportion? 

6. List 10 common house plants suitable for your region. 

7. Describe three indoor plants suitable for growing in your drawing room. 

8. What are some drawbacks to growing plants in the house? 

9. Why should feeding of house plants be kept at the maintenance level? 

10. Give examples of (a) flowering indoor plants, (b) indoor trees, (c) in-
door vines, (d) indoor foliage plants, (e) indoor succulents. 

11. Name the most suitable grass for establishing a lawn in your region. 

12. What is the most economical method of installing a lawn? 

13. When is the best time for planting a lawn? 

14. What are the disadvantages of close mowing? 
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15. What cultural practices limit the rooting depth of lawn grass? 

16. Write a short note on the maintenance of a lawn. 

17. What is the difference between a perennial and a biennial? 

18. Name the major criteria for selecting perennials. 

19. Describe the elements important for planning a perennial border. 

20. Suggest perennials for planting in a wide border at your campus. 

21. What are the major considerations in selecting the trees and shrubs to 
plant in a landscape? 

22. What are best times for planting trees? 

23. List 10 flowering trees with their flower colour and flowering times. 

24. Describe each of the following: (a) Hybrid Tea rose, (b) Miniature rose, 
(c) Pompon rose. 

25. How would you differentiate between (a) a floribunda and a grandiflora 
rose, and (b) a rambler and a climber rose? 

26. What is the .best time for pruning roses? 

27. Write a short note on the feeding of r9ses. 

28. What is a wall garden? 

29. List some plants suitable for growing in rock and water gardens. 

REFERENCES 

Anonymou~ Growing better bulbs. Your Garden 23(20):3-7; 1970. 

Cooper, E. L. Agriscience, fundamentals and applications. Albany, New 
York: Delmar Publishers; 1990:p. 303-346. 

FIemmer, W. Ill. Shade and ornamental trees in colour. New York: Gros
set and Dunlap; 1965. 

Graf, A. B. Exotica. East Rutherford, New Jersey: Roehars; 1976. 

Grindal, E. W. Every day gardening in India. Bombay: D.B. Taraporevala 
Sons and Co; 1939. 

Hackett, B. Planting design. London: E. and F. N. Spon Ltd.; 1979. 

"Hakea". Year-round lawn care. Your Garden 23(8):3-9; 1970. 



FLORICULTURE AND LANDSCAPE GARDENING 569 

Harris, R. W. Arboriculture-care of trees, shrubs, and vines in the land
scape. Englewood Cliffs, New Jersey: Prentice Hall; 1983. 

Hollis, L. ed. The rose annual. St. Albans, Hertfordshire, UK: The Royal 
National Rose Society; 1969. 

Hollis, L. Roses. London: The Hamlyn Publishing Group Ltd.; 1974. 

Janick, J. Horticultural science. San Francisco: W. H. Freeman; 1979. 

Laurie, A.; Ries, V. H. Floriculture, fundamentals and practices. New 
York: McGraw-HiIl Book Company; 1950 . 

• Little, B. ed. AlIen Seale's complete guide to Australian gardening. Port 
Melbourne, Victoria, Australia: Treasure Press; 1985. 

Manaker, G. H. Interior plantscapes, installation, maintenance and manage
, ment. Englewood Cliffs, New Jersey: Prentice Hall; 1981. 

Manning, L. The how and why of better gardening. Toronto, New York, 
London: D. Van Nostrand; 1955. 

Mathias, M. E. ed. Flowering plants in the landscape. Berkeley, CA: 
University of California Press; 1982. 

Perry, F. Gardening in color. London: The Hamlyn Publishing Group, 
Ltd.; 1963. 

Pool, M. J. ed. 20th century decorating architecture and gardens. London: 
Weidenfeld and Nicolson; 1980. 

Proctor, R. Perennials. London: Cassel Publishers, Ltd.; 1~90. 

Redwood, R. Ground cover plants. Your Garden 23(7):3; 1970. 

Shepherd, H. W. Woody plants for landscape use in California. Cir. 109. 
Berkeley, CA: California Agricultural Extension Service, COllege of 
Agriculture, University of California, Berkeley. 

Snyder, R. ed. The complete book for gardeners. Prince ton, New Jersey: 
D. Van Nostrand; 1964. 

Spickernell, C. ed Nature's bounty. Karachi: Pakistan Herald Press; 1970. 

Squire, D.; McHoy, P. eds. The book of house plants. 59 Grosvenor Street 
London: Octopus Books Ltd.; 1978. 

Wyman, D. Shrubs and vines for American gardens. New York: Macmil
lan; London: Collier-MacmiIIan. 

Younger, M. Spring bulbs. Your Garden 22(2):3, 34-35; 1969. 



a
Typewritten Text

a
Typewritten Text
"This page is Intentionally Left Blank"


a
Typewritten Text



ABBREVIATIONS AND ACRONYMS 

2,4-D 2,4-dichlorophenoxyacetic acid 

2,4,5-TP 2,4,5-trichlorophenoxypropionic acid 

2-AB 2-aminobutane 

4-CPA 4-chlorophenoxyacetic acid 

A ampere(s) 

AARI Ayub Agricultural Research Institute (Faisalabad) 

ADBP Agricultural Development Bank of Pakistan 

ADP adenosine diphosphate, a product obtained from hydrolysis of ATP 

AECL Atomic Energy Centre, Lahore 

AFC antifungal complex 

a.i. active ingredient 

AMSL Agriculture Marketing and Storage Limited 

ATP adenosine triphosphate 

CA controlled atmosphere 

cc cubic centimetre(s) 

CCC Cycocel 

cd candela: unit of luminous intensity 

cm centimetre( s )/centimeter( s) 

CoA Co-enzyme A 

DNA deoxyribonucleic acid 

E Einstein: the energy in 1 mole, or Avogadro's number (6.02 x 1~), 
of photons 

EDTA Fe-ethylene diamine tetra-acetic acid 

FAO Food and Agriculture Organization of the United Nations 

ft foot (feet) 

ft-c foot-candle: the illuminance from a standard candle received on a 
one-foot-square surface one foot from the candle 

g gram(s) 
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Gy Gray(s): unit of absorbed radiation dose (J/kg = m2 s-2) 

h hour(s) 

ha hectare( s) 

IAA indoleacetic acid 

IBA indole butyric acid 

in inch(es) 

IPM integrated pest management 

K Kelvin 

kg kilogram( s) 

kGy kilogray (SEE Gy.) 

km kilometre( s )/kilometer( s) 

KOCN potassium cyanate 

litre( s )/liter{ s) 

lm lumen: replaces foot-candle as unit of luminous flux; definition and 
formula: cd· sr 

Ix lux: one lumen per square meter 

m metre( s )/meter( s) 

MA modified atmosphere 

MU maleic hydrazide 

ml millilitre( s )/milliliter( s) 

mm millimetre(s)/millimeter(s) 

MMT million metric tonnes 

mol mole(s) 

mRNA messenger ribonucleic acid 

NAA naphthalene acetic acid 

NADP nicotinamide adenine dinucleotide phosphate 

NBF National Book Foundation 

nm nanometre( s )/nanometer( s) 

N\VFP AV Northwest Frontier Province Agricultural University 



PAR photosynthetically active radiation 

PARC Pakistan Agricultural Research Council 

PMA phenylmercuric acetate 

ppm parts per million 

PPP pentose phosphate pathway 
t 

RH relative humidity 

RNA ribonucleic acid 

RQ respiratory quotient 

s second(s) 

SAU Sindh Agriculture University 

ABBREVIATIONS 573 

SI Systeme International d'Unites. Modernized system of metric units. 
It is constructed nom seven basic units for independent quantities, 
plus units for plane and solid angles. This system is gradually re
placing the centimeter-gram-second (CGS) and meter-kilo
gram-second (MKS) systems. 

sOPP sodium orthophenyl phenate 

sr steradian(s): unit of solid angle 

t tonne(s) 

TBZ thiabendazole 

TCA tricarboxylic acid 

TIPAN Transformation and Integration of the Provincial Agricultural Net
work 

TSS total soluble solids 

TTC triphenyl tetrazolium chloride 

UAF University of Agriculture, Faisalabad 

UGC University Grants Commission 

USAID Umted States Agency for International Development 

yd yard(s) 
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GLOSSARY 

absolute humidity. The weight of water vapor per unit volume of air, ex
pressed as grams per cubic meter. 

absolute zero. The temperature at which matter contains no heat energy. 
It is equivalent to -273°C or -460.4°F. 

achene. A small, one-seeded, indehiscent fruit developing from a single 
'carpel, e.g. sunflower, safflower, buttercup, or sycamore. Generally 
achenes are found in aggregate form as in strawberries. 

albedo. (1) Whitish mesocarp in citrus fruit below colored skin; (2) ratio of 
the intensity of light reflected from a surface to the intensity of light 
received. 

albumen. Starchy, nutritive material accompanying the embryo in the seed. 
allogamous. Structurally adapted for cross-pollination (flowers). 
allogamy. (1) Cross-pollination. The transference of pollen grains from the 

anther of one flower to the stigma of another flower situated on anoth
er plant of a different variety or cultivar of a related species. (2) Fusion 
of male and female gametes derived from genetically dissimilar individ
uals of the same species. 

amyloplasts. Sites of starch grain development; also known as plastids. 
androecium. Male reproductive component of the flower. 
anemophilous. Pollinated by wind-borne pollen (flowers). 
anemophiiy. Pollination by wind. 

angiosperms. Flower bearing plants with enclosed seeds- the largest, most 
widely spread, and most advanced group of plants. 

annual. A plant that flowers, sets seeds, and dies within a single growing 
season. 

anther. Pollen-producing element of the androecium. 
anther sacs. Chambers or loculi of anther containing fine powdery or 

granular m::t:.s of pollen grains. 

antipodal cells. Haploid cells, usually three in number, found in the embryo 
sac at the end opposite the micropyle. 
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anti-auxins. Compounds which competitively inhibit the action of auxins. 

Examples are coumarin, parascorbic acid (a naturally occurring com

pound), and phenylbutyric acid (a synthetic compound). 

apical dominance. Dominant growth of central trunk; this occurs when 

hormones produced in the stem apices of branches travel down the 

stem and inhibit or reduce branching and growth from lateral buds. 

apocarpous. Describes a gynoecium in which· the carpels are free. 

apomictic species. Species which produce seed from vegetative cells and not 

through sexual means. Polyembryonic species are an example. 

areole. A modified cushion-like side shoot carrying spines or hair, unique 

to the cactus family. The areole gives rise to offsets and flowers. 

ariI. An appendage or an outer covering of a seed, arising from or near the 

hilum funiculus. 

asexual propagation. Reproduction without union of gametes from two par

ents. 

autogamy. Self-pollination, i.e. pollination occurring within a hermaphro

dite or bisexual or perfect flower, or between two such flowers situated 

on the same plant, or of the same cultivar. This leads to fusion of male 

and female gametes derived from genetically similar sources, usually the 

same individual. Autogamous describes plants in which self-fertilization 

is the rule. 

auxin. An organic substance which promotes growth along the longitudinal 

axis. A growth hormone ·is an auxin, but not all auxins are hormones. 

Synthetic auxins or growth regulators have been referred to as hor

mones, which is a misuse of the term. The term hormone should be 

reserved for the natural growth regulators, which are present in any 

organism/plant. 

auxin antagonists. Substances which are themselves inactive, such as trans

cinnamic acid and DCA (2,4--dichloroanisole), but counteract the activi

ties of auxins. 

auxin synergists. Compounds that increase the effectiveness of the auxins. 

They cannot promote growth without the presence of auxins. Exainples 

are ascorbic acid (vitamin C) and TIBA (2,3,5-tri-iodobenzoic acid). 

available water. Difference between the wilting point and field capacity. 

axil. The angle between leafstalk and stem. Any new-growth flower bud 

arising from an axil is called axillary. 



GLOSSARY 577 

bicarpeUary. Describing a compound ovary with two carpels. 

biennial. Producing vegetative growth (rosette) in the first season, and 
flowers and seeds in the second season. 

bilocular ovary. Describes a syncarpous ovary with two chambers or loculi. 

bisexual. Having stamen and pistil in the same flower. 

bolt. To send up a flowering stalk with extended internodes, as in cauli
flower. 

bract. A leaf-like organ subtending an inflorescence. 

budding. Insertion of a single bud as scion into the rootstock. 

bulb. A storage organ that usually grows underground and contains embryo 
leaves and sometimes flowers. 

bunchy top. A disorder affecting the vegetative parts and inflorescence of 
mango. Malformed branches show stunted growth, with small and 
bunchy leaves. 

calorie. The amount of heat required to raise 1 g (cm3) of water 1°C. 

cambium layer. Single layer of living cells which lies between the bark and 
the sap wood. 

campanulate. Bell-shaped, with a broad tube as long as or longer than 
broad, and a flaring limb or lobes. 

capillary water. Soil water which is held by surface tension (cohesion) and 
by adhesion to the soil particles. It occurs as a thin film around particles 
in the micropores. 

carotenoids. Accessory yellow, orange, or red fat-soluble pigments found 
in all photosynthesizing cells. They gather light during photosynthesis. 
These pigments are found in some fruits and vegetables. 

carpel. One of the foliar units of a compound ovary or pistil; a female or 
megasporophyll of an angiosperm flower. 

carpophon' A wiry structure by which the schizocarp is suspended or 
supported from a short central axis. 

cation exchange capacity. The quantity of exchangeable cations expressed 
in milliequivalents per 100 g of soil. 

cauliftorous. Describes a plant with flowers or inflorescences on the stem 
or trunk. 

chalaza. The basal part of an ovule where' it is attached to the funiculus. 
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chemically combined water. Water which is a chemical component of soil 
particles. 

chiasmata. Sites at which chromosomes break and join during crossing 
over. 

chilling injury. Plant tissue damage at the membrane level to fruits of 
tropical and subtropical origin exposed to temperatures below lOoe but 
above their freezing point. 

chilling requirement. The number of hours of cold after which dormancy 
will break. 

chlorophyll. A green pigment found in plants; necessary for photosynthesis. 

chloroplast. Plant organelle containing chlorophyll and surrounded by two 
bi-layered membranes. The chloroplasts are the photosynthetic appara
tus of the cell. Thylakoid, grana, and stroma are parts of the chloro
plast. 

chromophore. The light-absorbing portion of a pigment. 

chromoplasts. Bodies which develop from mature chloroplasts on the 
degradation of chlorophyll. They contain carotenoids, the yellow/red 
pigments in many fruits. 

chromosome. A threadlike structure in the nucleus carrying the genetic 
information. 

citric acid cycle. SEE tricarboxylic acid (TeA) cycle. 

c1eistogamy. The production of flowers that do not open to expose the 
reproductive organs. 

climacteric. A period in the development of certain fruits during which a 
series of biochemical changes is initiated by the autocatalytic production 
of ethylene, marking the change from growth to senescence and involv
ing an increase in respiration. 

clone. A population propagated vegetatively from a single original stock. 
More precisely defined as a population of plants of identical genotypic 
composition traceable to a single ancestral zygote; or a colony of cells 
with identical genetic makeup produced through mitosis. 

coherent. Having like parts in close c~ntact but not fused. 

complete Dower. A flower in which all the four whorls i.e., calyx, corolla, 
androecium, and gynoecium, are present. 
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:onnective tissue. The filament or tissue connecting the two cells or thecae 
of an anther. 

corm. An enlarged base of an herbaceous stem with nodes and internodes 
visible on the structure; a typical example is gladiolus. 

cotyledons. The seed leaf or lea""~ iT' .\,~ embryo. 

cristae. Sheetlike or tubelike extensions formed from the highly folded 
inner membrane of the mitochondrion. 

critical light period. The dividing line between day lengths favourable to 
vegetative growth and those indl)cing flowering and seed formation. 

crossing over. The reciprocal exchange of segments between non-sister 
chromatids of homologous chromosomes leading to redistribution or 
recombination of linked genes. 

cross-pollination. SEE allogamy. 

cultivar. (1) A variety which has originated by cultivation rather than in the 
wild. (2) A named group of plants within a cultivated species which 
maintain its identity when propagated by S<!xual or asexual means; 
horticultural variety. 

cutting. A portion of stem, root, shoot, or leaf removed from a parent plant 
and treated so that it produces roots and grows into a new plant. 

deciduous. Shedding leaves annually at the end of the active growth period 
and producing new foliage at the end of the rest period. 

definitive nucleus. Diploid nucleus found in the centre of embryo sac after 
the fusion of two haploid polar nuclei. 

dehorning. Severe cutting back of trees and shrubs to keep them from 
becoming too tall. 

dew point. The temperature at which relative humidity reaches 100 percent. 

dichogamous. Having stigmas and anthers (of a flower) mature at different 
times (Dacus, Delphinium, and Lactuca). 

dicotyledons. Angiosperms having embryos with two cotyledons. 

dioecious. Having staminate (male) and female (pistillate) flowers on differ
ent plants (as in date, spinach). 

diploid. Having two sets of chromosomes in the somatic nuclei. 
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division. Separating vegetative parts like rhizomes, offsets, crown, runners, 
and suckers from the parent plant and establishing them as independent 
plants. 

double fertilization. The process where two male gametes enter the embryo 
sac and both participate in fertilization, one with the egg and the other 
with the definitive nucleus. 

draws. Sprouts produced from tubers. 

egg apparatus. Structure consisting of an egg and two synergids. 

embryo. Rudimentary plant within a seed, usually developing from a zygote. 

endocarp. The inner layer of pericarp or fruit wall. 

endosperm. The starch and oil-containing tissue of many seeds. 

entomophily. Pollination by insects. 

epicarp. Outer layer of the pericarp or fruit wall. 

epicotyl. The part of the plant embryo axis situated above the cotyledons. 

epidermis. Outermost cells of the primary plant body. 

epigynous. Describing an arrangement of floral parts in which stamens, 
sepals, and petals are inserted above the ovary, giving an inferior ovary. 

epinastic agent. Substances which bring about swelling of cells instead of 
normal cell-elongation, causing twisting and deformation of leaves and 
stems. 

etiolated. Showing symptoms of being grown in darkness or in dim light
weakness, with yellow or pale-green leaves, tall lanky stems, and a 
sickly appearance. 

evapo-transpirational potential. A measure of both evaporation from the 
soil and transpiration by plants. 

evergreen. Having leaves which persist through winter. 

exine. (1) Thick outer wall of the seed; (2) outer membranous coat of a 
pollen grain. 

exocarp. SEE epicarp. 

false fruit. A fruit that incorporates tissues other than those derived from 
the gynoecium. 
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fermentation. The process whereby anaerobic organisms or aerobic organ
isms under anaerobic conditions accumulate either lactate or ethanol; 
the second stage in respiration. 

fertilization. An essential part of sexual reproduction involving the fusion 
of haploid male and female gametes to form a diploid zygote. 

field capacity. Wafer left after the drainage of gravitational water (after 
24-48 hours). When all free water drains from the soil, it is said to be 
at field capacity. 

filament. Stalk of a stamen. 

flavedo. Coloured epicarp in citrus fruit. 

floriculture. Flower production. 

florigen. Hormone which induces flowering. 

forcing (vegetable). Production of vegetables out of their normal season of 
outdoor production. 

free water. SEE gravitational water. 

freeze. Any situation where the average temperature drops below O°e. 
Radiational freeze is associated with calm conditions, radiational cool
ing, and temperature inversion. Advective freezing occurs as a result of 
the invasion of a large, cold air mass. 

frets. Thylakoids extending from stack to stack to form intergranallamella. 

funicle. A slender stalk by which each ovUle is attached to a placenta. 

gametogenesis. Formation of male and female reproductive cells in the 
flower. 

gamophyllous. Having leaves, or foliar units, connate by their edges. 

generative nuclei. The two male gametes that are formed by division of the 
generative cell. 

gibberellins. Substances possessing the same carbon skeleton as gibberellin 
A3 (GA3) or very closely related to it. and biologically active in stimu
lating cell division, or cell elongation in plants. 

glycolysis. The conversion of glucose, glucose-l-P, glucose-6-P, or fructose 
to pyruvic acid during respiration. 

grafting. A process by which a piece of scion carrying one or more buds is 
attached to a rootstock in such a way that the cambiums of both scion 
and rootstock come in firm contact, so that the new secondary tissue 
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resulting from cambial cell division in the scion aad rootstock is closely 
knitted. 

grana. Arrays of stacked thylakoids, the enclosed basic unit structure. 

granulation. A condition characterized by enlarged, hardened, and appar
ently dry juice vesicles; also called riciness. 

gravitaponal water. Water held very loosely in the soil macropores which 
moves downward and is lost quickly from the top of well-drained soils 
(also called free water). 

green manuring. The process of returning an entire plant to the soil. 

growth regulator. An organic compound which in a small quantity (around 
1 ppm) modifies a physiological'process in plants. These substances 
stimulate, inhibit, or otherwise alter growth. They include auxins, anti
auxins, epinastic agents, gibberellins, kinins, and inhibitors. 

gynoecium. The female element of a flower. 

habit. The normal direction of growth of a plant species. 

haploid. A nucleus or individual containing only one representative or'each 
chromosome of the chromosome complement. 

heading back. Removal of only terminal portions of shoots or branches. 

heat of fusion. The amount of heat required to change 1 g of a substance 
at its melting point from the solid to the liquid state. 

heat of vaporization. The amount of heat required to change 1 g of a 
substance at its boiling point from the liquid to the vapor state. 

heat unit. The sum of the differences between the daily mean temperatures 
in a given region and a fixed base temperature (commonly the mini
mum temperature at which growth occurs). 

heaving. Upward displacement of soil caused by alternate freezing and 
thawing. 

hemicellulose. Any of a variety of polysaccharides found in plant cell walls 
often in close association with cellulose. 

herbaceous. Having soft, non-woody growth., 

herkogamous. Describes plants in which self-pollination is impossible be
cause of the relative position of stigma and anthers. 

hermaphrodite. Having stamens and pistil in the same flower, Le. contain
ing both male and female sexual parts. 
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heterostylous. Having stamens and styles of different lengths (e.g. linseed). 

Hill Reaction. Oxygen evolution by chloroplasts in the presence of light, 
water, and an artificial electron acceptor (potassium ferricyanide). 

hilum. The point where the funicle meets the ovule. 

hispid. Bristly, bearing dense, erect, straight, harshly stiff hairs. 

homogamy. Simultaneous maturation of androecium and gynoecium. 

homostylous. Having both stamens ano styles of the same length. 

hormone. A substance produced in any part of an organism and transferred 
to another part where it influences a specific physiological process. 

hydrophily. Pollination by pollen carried on water. 

hydroponics. Techniques of growing plants in solutions rather than in soil. 

hygroscopic water. Water held very tightly in the form of a thin layer 
around the soil particle; it is not normally available to plants. 

hypertrophy. Abnormal overdevelopment d~e to an increase in cell size. 

hypobaric storage. Low-pressure (partial vacuum) storage. 

hypocotyl. Axis or stem of a seedling below the cotyledons. 

hypogynous. Inserted below the gynol!ciuIIl and free from it. 

hypophysis. Basal part of suspensor giving rise to the apex of the radicle. 

imbricate. Having overlapping, shingle like leaves. 

incomplete flower. Flower lacking one of the perianth whorls, as calyx or 
corolla, or both. 

inferior ovary. SEE epigynous. 

inflorescence. A flowering system consisting of more than one flower. 

infructescence. A multiple or composite fruit developing from the entire 
inflorescence. 

insolation. Radiation received from the sun. 

integument. One or two envelopes that cover the ovule. 

intine. (1) Thin inner wall of the seed. (2) a thin, delicate, cellulose layer 
internal to the exine in a pollen grain. 

kinins. A group of substances of small molecular weight which possess 
hormonelike properties and stimulate cell division. 
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Krebs cycle. SEE tricarboxylic acid (TeA) cycle. 

layering. Rooting of shoots, stem, or branches while they are still attached 
to the parent plant. 

Iysimeter. A large container of soil in which a crop is grown; water loss is 
determined by weight loss of the entire container. 

megaspore. The larger of the two types of haploid spores formed after 
meiosis in heterosporous species. 

megasporogenesis. Development which takes place in the female part of the 
ovule (ovary) to give rise to female reproductive cells. 

mericarp. Any of the one-seeded portions that result when a compound 
fruit divides at maturity. 

mesocarp. The middle layer of a pericarp. 

metaxenia. An effect of pollen on maternal fruit tissue. 

metric tonn~. 1000 kilograms. 

micropyle. The opening or 'mouth' of the ovule. 

microspore. The smaller of the two types of spore formed after meiosis in 
heterosporous species. 

microsporogenesis. Formation of microspores or pollen grains in the anther 
of a flower. 

mitochondrion (pI. mitochondria). A double-membrane-bounded organelle 
within the cell which contains the respiratory enzymes of the TeA cycle 
and 'the respiratory electron-transport system which synthesizes ATP. 

modified-basin system. Irrigation system characterized by restricting the 
supply of irrigation to the spread of the trees by constructing basins 
around each trunk. 

monocotyledons. A subclass of the angiosperms containing all the flowering 
plants having embryos with one cotyledon. 

monoecious. Bearing unisexual flowers, with t10wers of both sexes on the 
same plant. 

monothecous. Having a unilocular anther lobe. 

multilocular. Describing an ovary with many loculi or chambers. 

NADPH. Nicotamide adenine dinucleotide phosphate reduced, an important 
source as reducing agent. 
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nectaries. The nectar-secreting organs. 

neuter. Having neither stamens nor pistils (flower). 

nucellar seedlings. Seedlings produced from the nucellus cells. In polyem
bryony, all the seedlings except the one zygotic seedling. 

oceanic effect. The moderating climatic effect of oceans on land. 

offsets. Small new plants which grow out from the parent and can be sepa
rated as independent plants. 

olericulture. Vegetable production; the study of vegetable production. 

oosphere. A large non-motile gamete that is rich in nutrients and is normal
ly designated as female. 

oospore. A thick-walled zygote that is formed following the fertilization of 
an oosphere. 

organoleptic properties. The properties of food which are exhibited to the 
human senses, e.g. appearance, texture, taste, and flavour. 

ovary. The swollen basal part of the carpel in angiosperms which contains 
the ovules. 

ovule. The female gamete and its protective and nutritive tissue that devel
ops into the seed after fertilization. 

ovum. SEE oosphere. . 

panicle. An indeterminate branch system whose primary axis bears 
branched secondary axis and pedicellate flowers. 

parenchyma. Relatively unspecialized tissue usually composed of more or 
less isodiametric polyhedral cells with thin non-lignified cellulose cell 
walls and living protoplasts. 

pectin. A structural polysaccharide found in plant cell walls. 

peduncle. A common leafless axis bearing several flowers. 

perennial Plant which lives for three years or longer. 

perfect Dower. A flower which contains both androecium and gynoecium. 

perianth. Collective term for the calyx and corolla. 

pericarp. The wall of a fruit, derived from the maturing ovary wall. 

perispenn. Nutritive tissue derived from the nucellus that is found in the 
seeds of certain plants in which endosperm does not completely replace 
the nucellus. 



586 HORTICULTURE 

petaloid. Petallike; resembling a petal in colour and shape. 

photoperiodism. The developmental responses of plants to the relative 
lengths of light and dark periods. 

photophosphorylation. Process involving a series of electron-transport 
coupling factors (proteins) which transfer electrons along an electro
chemical gradient, yielding ATP in the presence of light. 

photosynthesis. A process of CO2 fixation in the presence of light and its 
conversion into sugars by green plants. 

phototropism. The tendency of plants to bend in the direction of more 
intense light when they are irradiated unequally from two sides. 

phyto£hrome. A photoreceptive pigment involved in photomorphogenesis 
which is ubiquito,:!sly present in all plant parts. 

phytohormone. A hormone or regulator specifically produced in a plant, 
which regulates plant physiological processes. 

pigment. A light-absorbing molecule. 

pinching. Removal of a plant part soft enough to be pinched by hand. 

pistillate. Female: having one or more pistils and no fuuctional stamens. 

placenta. The tissue by which spores, sporangia, or ovules are attached to 
the maternal tissue. 

placentation. The mode of arrangement of the ovules within an ovary. 

plant growth regulators. Synthetic products which produce reactions almost 
identical to those caused by natural hormones. 

plant hormones. Natural substances produced by plant tissues in small 
quantities, especially at the growing points, and transported to other 
parts of a plant where they are required to regulate its activities. 

plastids. SEE amyloplasts. 

plough sole. A zone of compaction beneath the soil surface caused by 
ploughing with a heavy plough repeatedly along the same path. 

plumule. Portion of the plant-embryQ axis lying within the two cotyledons; 
first shoot above the cotyledons of a young plant. 

pollen grain. A microspore which has become modified by wall mod:fica
tion and division of the microspore nucleus into tube and generative 
nucleus. 
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pollen mother cell. A somatic cell that, after meiosis,· forms a tetrad of 
pollen grains. 

pollen sac. A chamber in which pollen grains are formed in angiosperms 
and gymnosperms. . 

pollen tube. An outgrowth of the intine of the pollen grain that, on germi
nation, emerges through an aperture in the exine and grows towards the 
egg, carrying male gametes with it. 

pollination. Transfer of pollen from the anther to the stigma. 

polyadelphous. Having stamens united into three or more groups. 

polyandrous. Having separate stamens freely inserted on the receptacle. 

polycarpellary. Having more than two carpels in the gynoecium. 

polyembryony. Production of multiple embryos within a single seed. 

polygamous. Having monosexual and bisexual flowers on the same plant. 

pomology. The study of fruit production. 

precambium. Beginning of the vascular system. 

proembryo. The young plant individual after fertilization but before tissue 
differentiation into embryo and suspensor tissue. 

protoderm. Precursor of the epidermis. 

protogynous. Refers to plants in which maturation of stigmas takes place 
ahead of anthers (magnolia and mango). 

pruning. Management of plant structure and fruiting wood. 

pseudogamy. Embryo sac formed from stimulus (but not fertilization) by 
male gamete (false fertilization). The offspring may be haploid or 
diploid, showing only maternal characters. 

raceme. An indeterminate single axis bearing pedicellate flowers. 

radicle. The part of the plant-embryo axis directed towards the pointed 
end; embryonic root of a germinating seed. 

ratoon. A shoot growing from the roots of a plant that has been cut down. 
A ratoon crop is grown from the roots of a previous crop without re
seeding (as in banana and sugarcane). 

relative humidity. The amount of water vapor present in the air as a per
cent of the amount at saturation for a given temperature and pressure. 

replum. Partition between two loculi of cruciferous fruits. 
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respiration. An active process ot all living organisms absorbing 02 and 
releasing CO2. It is the oxidative degradation of organic compounds 
(carbohydrates, fats, organic acids, and proteins) to yield usable energy. 

respiratory quotient (RQ). The ratio of CO2 evolved to 02 uptake during 
respiration. It is an indication of the kind of substrate oxidized. 

rest period. The period during the year when plants or their seeds are 
relatively inactive, producing little or no growth. 

rhizome. Swollen underground stem; an organ of food storage and propaga
tion. 

riciness. SEE granulation. 

rootstock. Plant or plant part on whiGh a scion variety is budded or grafted. 

rotate. Wheel-shaped, with a very short tube and a broad limb at right 
angles to it. 

runner. Long, horizontal, prostrate shoot rooting to form a new plant at its 
tip or elsewhere along its length. 

saline soils. Soils which contain harmful quantities of chlorides, sulphates, 
and carbonates of sodium, potassium, calcium, and magnesium. 

scion. A bud or piece of twig grafted or budded onto a rootstock; it pro
vides top and fruit bearing surfaces and synthesizes food which is trans
ported to other parts of the plant. 

sclerenchyma. Strengthening tissue with thick, often lignified cell walls and 
usually lacking a living protoplast at maturity. 

secondary nucleus. A nucleus formed by the fusion of polar nuclei which 
gives rise to the endosperm after fertilization (SEE definitive nucleus). 

seed. The ripened ovule. 

self.pollination. SEE autogamy. 

septa. Partition in a fruit or any other organ. 

sexual propagation. In plants, reproduction by seed. 

slurry. Fresh dung and urine combined. 

sodic soils. Soils which have high levels of alkalis, particularly 'sodium 
hydroxide (also called alkali soils). 

spadix. A racemose inflorescence in which the flowers are sessile and borne 
on an enlarged fleshy axis. 



GLOSSAR Y 589 

spathaceous. Resembling or furnished with a spathe. 

specific heat. The amount of heat required to change the temperature of 
1 g of a substance by 1 qc. 

specific humidity. The weight of water vapor per unit weight of air, ex
pressed as grams per kilogram. 

spike. A racemose inflorescence in which the flowers are sessile and borne 
on an elongated axis. 

sport. SEE strain. A variant among a clonal population. 

staminate. Furnished with stamens but no functional pistil. 

staminode. An abortive, infertile stamen which does not produce pollen, as 
found in mango flowers. 

stigma. The receptive tip of the carpel, which receives pollen at pollination 
and on which the pollen grain germinates. 

stolons. Runners by which plants reproduce vegetatively by sending out 
roots at each joint. 

stone fruit. A drupe or drupelet. 

stooling. A vegetative method of raising rootstock; also called mound
layering. 

strain. A variant among a clone. 

stratification. Storing of seeds in a cold humid environment for some time 
to allow an after-ripening process that promotes germination. 

stroma. Material surrounding the thylakoids and within which the grana 
and fretwork are imbedded. 

style. The sterile portion of the carpel between the ovary and the stigma. 

subulate. Awl-shaped, tapering from base to apex and sharp-pointed. 

sucrose. A non-reducing disaccharide of glucose and fructose. 

superior ovary. SEE hypogynous. 

suspensor. A line of cells that differentiates from the proembryo by mitosis 
and anchors the embryo in the parental tissue. 

syconus. A type of pseudocarp in which achenes are borne inside the recep
tacle. 

syncarpous. Having carpels united. 
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synergids. Two haploid nuclei at the micropylar end of the embryo sac. 

tapetum. Layer of food-containing cells which encloses groups of spore 
mother cells in vascular plants. 

tegmen. Thin, whitish inner layer of seed coat. 

tensiometer. An instrument to measure the, water tension/potential in soil. 

testa. Outer, brown, comparatively thick seed coat. 

thalamus. The receptacle of a flower. 

thinning out. Removal of certain shoots, canes, spurs, or branches com
pletely and entirely from the base. 

tissue culture. In vitro and aseptic cultivation of any plant part (cells or 
tissues) on a nutrient medium in an artificial environment. 

tonne. Metric ton(ne) (= 1000 kg). 

tonoplast. Semi-permeable membrane surrounding the vacuoles. 

topiary. Art of growing decoratively pruned and shaped trees and hedges. 

tricarboxylic acid (TeA) cycle. A cyclic process whereby acetate is oxidized 
to CO2 and water, yielding reduced NAD and FAD. 

tricarpellary. Having three carpels. 

trilocular. Of an ovary containing three chambers. 

truck gardening. The production of vegetables in relatively large quantities 
for commercial markets. 

tube nucleus. A large nucleus formed within the pollen grain of angio
sperms along with one or two smaller generative nuclei. SEE ALSO 
vegetative nucleus. 

unilocular ovary. Ovary containing a single chambef'. 

vacuoles. Fluid cell reservoirs containing various solutes like sugars, salts, 
and amino and organic acids. 

valvate. Meeting by the edges without overlapping. 

vapor pressure. That part of the total atmospheric pressure which is due to 
water vapor, expressed in millimeters of mercury (mm Hg) or millibars 
(1 mm Hg = 1.32 millibars). 

vegetable. The edible portion of an herbaceous plant used fresh or pro
cessed. 
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vegetative nucleus. One of two nuclei formed when the nucleus of a pollen 
grain divides for the first time mitotically. 

vernalization. Exposure to the cold period during the winter. 
viticulture. The cultivation of grapes. 

wilting point. The soil-water level reached after the depletion of all avail-
able capillary water. 

xanthophyll. , The oxidation product of carotenoids found in chloroplasts. 
xenia. The direct influence of pollen upon endosperm. 
zoopbily. Pollination by pollen carried on animals. 
zygote. The cell formed following the fusion of male and female gametes. 
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2,3,5-tri-iodobenzoic acid (TIBA): fruit 
thinning, 347 

2,4,5-T (2,4,5-trichlorophenoxyacetic 
acid), 329, 330, 449 

2,4,5-TP (2,4,5-trichlorophenoxypropionic 
acid), 329, 348 

2,4-D (dichlorophenoxyacetic acid), 130, 
329,330 

citrus fruit drop control, 449 
broadleaf weed killing, 131 
post-harvest residue acceptable, 220 
pre-harvest drop, 348 
tissue culture, 131 

2-A,B: post-harvest residue acceptable, 
220 

ABA (SEE Abscisic acid) 
Abelmoschus escuJentus (SEE Okra) 
Abscisic acid (ABA), 133, 134 , 
Abscission: induced by Ethephon, 133 
Absolute zero, 221 
Absorption spectra: chlorophyll, 86, 89 
Acclimatization: defined, 158 
Acer oblongum (maple), 561 
Aceria mangilerae (mango bud mite), 360 
Acetate: in respiration, 90 
Achene, 65 
Achras zapota Linn, (chiku), 37, 467 
Achryanthes aspera (puth kanda), 328 
Acid, organic (SEE ,Organic acid) 
Acid rain, 245 
Acidity, 258 
Acolesthes sarta (Quetta borer), 370 
Aconitum {ISCheri (monk's hood), 555 
Acroclinium (Helipterum roseum), 550 
Actinidia chinensis (Chinese gooseberry), 

409 
Adalia decempunctata L.: bioI. control of 

peach curl aphid, 367 
Additions (duplications), 155 
Adiantum (maidenhair fern), 567 
Adoretus nitidus (ber beetle), 364 
A. pallens (ber beetle), 364 
Adulteration: seed business, 31 
Aesthetics: horticulture, 5 
Age: and respiration efficiency, 100 
Aggregate fruit, 15, 68 
Ag/aonema crispa (Chinese evergreen), 

566 
Agriculture: education and research, 27 
Agriculture Department, 32,331 

Agriculture Marketing and Storage Limit· 
ed (AMSL), 33 

Agronomy: vs. horticulture, 3 
Agrotis spp. (cutworms), 388 
Ailanthus, 559 
Air 

drainage, 226 
in soil, 258 
movement, 332 

Air layering, 189 
Akbar, Emperor, 24 
Albedo (SEE Mesocarp) 
Albizzia julibrissin (silk tree), 559,561 
A. procera (sulaid shreen), 560 
Alcidodes porrectirostris (walnut weevil), 

368 
Aldolase: in phosphorylation, 93 
Aleurolobus citrilolii (cloudy-winged 

whitefly), 357 
Algae, blue-green 268 
Alkalinity, 258 
Allium ampeloprasum, 38 
A. cepa (SEE Onion) 
A. porrum (SEE Leek) 
A. sativum (SEE Garlic) 
Allogamy (SEE Cross-pollination) 
Almond (Prunus dulcis) (Prunus amyg-

dalus) [=Amygdalus communis], 35, 
37-38 

bearing habits, 342 
botany, 478-79 
diseases, 383-85 
insect pests, 368-70 
irrigation, 479 
Pakistan: cultivation, 479, 484 
planting recommendations, 479 
propagation, 479 
pruning, 342, 479 
seed structure, 111 
varieties, 479 

Almond bark beetle (Scolytus amygdali), 
368 

Alpha-amylase: in starch degradation, 92 
Alstonia scholaris, 559, 560 
Alternaria citri 

black rot, 419-20 
radiation resistance, 414 

A. solani (= Macrosporium solani): potato 
blight, 393 

A. tenuis: fruit rot in tomato, 394 
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A. tenuissima: fruit rot in chili, 395 
Alternate bearing: mango, 454 
Alternate-middle irrigation, 323 
Althea rosea (hollyhock), 550, 555 
Alyssum maritimum (alyssum) 550,552 
A. saxatile (goldentuft), 555 
Amaranthus blitum, 506 
A. caudatus (amaranthus, tassel flower), 

506,551 
A. dubius, 506 
A. lividus, 506 
A. manpstaflus, 506 
A. tricolor L (Amaranth) 

botany, 510 
climate, 510 
soil and fertilizers, 510 
yield, 510 

Amblydromella plebius: bioI. pest control, 
359 

American Society for Horticulture Sci-
ence, 26 

Amide-Thin (SEE Naphthalene acetamide) 
Ammonia, 244 
Amoracia TUSticana, 39 
Amphitropous ovule, 56 
Amrasca devastans (jassid pest of okra), 

390 
Amritodus atkinsoni (mango hoppe~), 361 
Amrud (Psidium guojava) (SEE Guava) 
Amygdalus communis (=Prunus amygdalus) 

(SEE Almond) 
Amyloplasts, 403 
Anacardium occidentale Linn., 36 
Anagallis arvensis (billi booti), 59, 328 
Ananas comosa Linn. (SEE Pineapple) 
Anar butterfly (Vzrachola isocrates), 370 
Anatomy: definition, 53 
Anatropous ovule, 56 
Anchusa (AnchUSQ barrelieri), 552 
Ancymodol, 134 
Androecium (stamens), 117 
Anemone coronaria (windflower), 555 
A. japonica (windfJower), 555 
Anemophilous plants, 146 
Angiosperms (Angiospermae) 

characteristics, 16 
microsporogenesis in, 117 
origin and evolution, 53 
subclasses, 16 

Annona cherimola Mill (SEE Cherimoya) 
A. ~ata Linn. (soursop), 37, 465 

A. reticulata Linn. (ramphal), 37, 465 
A. squamosa (SEE Custard apple) 
Annuals (SEE ALSO: Flowers, annual) 

546-50 
characteristics, 13, 114,209 
species: list, 550-51 
summer: sowing, 208 
winter: sowing, 208 

Anonidiella aurantii (citrus red scale), 358 
Anther culture, 166 
Anthocyanins, 18 

in apple, 61 
water-soluble, 61 

Anthracnose (bird's-eye rot) 
control, 421 
grape, 378 
mango, 375, 455 
papaya, 380 

Antifungal treatments 
chemical agents, 418-21 
Pakistani research, 421 

Antigonon ieptopw (antigonon), 563 
Antipodal cells, 148 
Antipodal nuclei: in megasporogenesis, 

118 
Antirrhinum majus (snapdragon. kutta 

phool),55,550 
Anuraphis helicluysis (Peach curl aphid), 

367 
Aphelinus mali: bioI. control of apple 

woo1y aphid, 365 
Aphidencynus aphidivorus: bioI. control of 

cowpea aphid, 389 
Aphis spp., 365 
A. craccivora (cowpea aphid), 389 
A. gossypii (melon aphid. cotton aphid). 

386 
A. spiraecola, 365 
Apium graveolens var. Dulceii (celery), 

398 
Apomixis: types, 148 
Apple (Malus sylvestris) (J>yrus malus L), 

37 
aroma: components, 406 
autotetraploid, 152 
Baldwin triploids, 151 
bearing habits, 342 
boron deficiency, 276 
botany, 73-74, 168,468 
calcium deficiency, 272 
carotenes, 61 



chilling injury, 19 
climacteric, 127 
climate, 468,472 
diseases, 381-83 
flowers: emasculation, 168 
hailstorms, 472 
harvesting method: !,referable, 410 
incompatibility, 169 
insect pests, 364-65, 472 
irrigation, 471 
magnesium deficiency, 273 
manuring, 470 
orchard layout, 470 
Pakistan: area and production, 484 
phosphorus: fum;tion, deficiency, 270, 

271 
pollination, 169 
potassium: effect, 271 
pre-harvest fruit drop: control, 131 
propagation, 144,469-70 
pruning, 341-42, 471 
radiation dose: tolerable, 412 
respiratory behaviour, 408 
ripening: Ethephon to induce, 132 
rootstock varieties, 149,344,469 
self-incompatibility, 471 
soil, 469,470 
sugar content, 404 
tissue culture, 131 
tnploids, 151, 168 
varieties, 26, 468 
waxing, 417 
zinc deficiency, 274 

Apple codling moth (Cydia pomonella), 
366,472 

Apple lace bug (Stephanitis pyrioides), 364 
Apple scab, 382 
Apple wooly aphid (Eriosoma ianigerum), 

364 
Apricot (Prunus anneniaca), 37 

beanng habits, 343 
insect pests, 368 
Pakistan: area and production, 482 
pruning, 343 
radiation dose: tolerable, 412 
respiratory behaviour, 408 
training and pruning, 342, 476 
varieties: Pakistan, 476 
vitamin A content, 405 

Apricot chalcid, (Ewytoma sp.), 368 
ARASAN: citrus seed harvesting, 173 
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Araucaria hamJphylla (araucaria), 566 
Arrtotis stoechadifolio (Arctotis, African 

daisy),550 
Area: fruits and vegetables, 28-29 
Argemone mexicana (Prickly poppy), 131 
Aril, 60 
Aroma: chemical components, 406 
Arrowroot, 115 
Aschersonia aleyrodis: bioI. control of 

cotton whitefly, 390 
Ascorbic acid (Vitamin C) 

deficiency, 18 
develops on fruit maturity, 62 
gamma radiation:.effect, 41~-16 
sources, 18,404,490 

Asparagus spp. 
A. plumosus (asparagus), 566 
A. officinalis (asparagus-cultivated), 35, 

38 
radiation, tolerable dose, 413 
source of folic acid, 19 

A. sprengeri (asparagus), 566 
Asphodelus tenuifolius (Piazi), 328 
Aspidistra elatior (aspidistra), 566 
Aster, 552 

Callistephus alpinus, 554 
C. chinensis, 550 
C. subcaerulens, 554 

Asteraceae, 54 
Athalia lugens proxima (mustard sawfly), 

391 
Atmosphere: depth of, 223 
Aulacophora africana (red pumpkin bee-

tle), 387 
A. foveicollis (red pumpkin beetle), 387 
Australia: non-tillage practices, 312 
Autogamy (SEE Self-pollination) 
Autotetraploids: species, 152 
Auxins, 130, 345 

fruits effective with, 126 
growth: effect of seeds or pollen, 126 
precursors: and pollination, 124 
synthetic, 130, 131 
effectiveness, 126 

Available water, 241 
Avena coleoptile, 345 
A. fatua (jangli jawi), 328 
A. carambolD lino., 37 
Avocado (Perseo americana Mill), 37 

boron deficiency, 276 
folic acid: source of, 19 
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respiratory behaviour, 408 
storage conditions: 424, 426 

Axile placentation, 57 
Ayub Agricultural Research Institute, 

Faisalabad, 151 
citrus crossing work, 162 
hybrid onions, radishes, brinjals, 164 
hybrid pea work, 162 

Azadirachta indica (neem), 560 
Azotobacter, 268 
B-vitamins: deficiency, 18 
Babar, Emperor, 25 
Bacca, 68 
Bacillus subtilis AECL-69: effective against 

Alternaria spp., 420 
Bacteria 

ice-nucleating particles, 232 
contaminants in tissue culture, 200 
genetic engineering, 232 

Bacterial spot: peach and almond, 383 
Bagh-i-Vafa: constructed by Babar, 25 
Bagrada cTUciferarum (painted bug), 386 
Bahawalpur: citrus cultivation, 256 
Bajra x Napier grass hybrid, 151 
Balochistan, 29 

climate, 248--49 
onions, 11 
potential new crops, 35 

Balsam (Impatiens holsti), 551 
Banana (Musa spp.), 37, 461 

acid levels, 62 
aroma: components, 406 
bearing habits, 343 
botany, 72, 461 
chilling-sensitive, 424 
climacteric, 127 
climate, 462 
cooking variety (M. paradisiaca), 461 
diseases, 379-80 
dwarf variety (M. cavendishii), 461 
fertilizer and manure, 462 
flower initiation: Ethephon, 132 
food value, 18, 404, 405 
harvesting, 463 
insect pests, 363-64 
irradiation, 412 
irrigation, 136, 462 
nitrogen levels, 136 
Pakistan: production, 29,440,461 
parthenocarpy, 148 
propagation, 144, 462 

PlJlning, 343, 462 
respiratory behaviour, 408 
ripening, 132,411 
Sindh: cultivation begun, 26 
storage conditions: optimum, 424 
suckers: spacing of, 136 
tall variety. (M. sapientum Linn.), 37, 

461 
Banana weevil, Cosmopolites sordidus, 363 
Banding, 278 
Banisteria lourifolia (banisteria), 562 
Baramasi (Citrus microcarpa): polyploid, 

151 
Bark grafting, 196 
Barringtonia acutangula (samandar phal), 

561 
Basal placentatlon, 59 
Batocera rufomaculatus (mango 

stem-borer), 360 
Bauhinia alba (kachnar), 561 
B. purpurea (kachnar), 561 
B. variegata (kachnar), 561 
Bean, 12 

cluster (SEE Cluster bean) 
critical periods, 325 
epigeal germination, 112 
field: genetic male sterility, 147 
French: little inbreeding depression, 

162 
Hyacinth, (SEE Hyacinth bean) 
insect pests, 389 
molybdenum deficiency, 276 
phosphorus, 270 
species mentioned, 39 
vitamin C content, 404 
white: source of folic acid, 19 

Bearing habits 
fruit trees: listed, 342 
related to pruning, 341 

Bedding plants, 549 
Beet (Beta vulgaris L.) (SEE ALSO Sugar 

beet), 38 
boron deficiency, 276, 499 
botany, 499 
climate, 499 
harvesting, 500 
irrigation, 500 
magnesium: effect of, 272 
male sterility, 147 
manures and fertilizers, 499 
pollinated by wind, 146 



seed rate, 499 
soil, 499 
vitamin C content, 404 
varieties, 500 
yield, 500 

Beetles: as bioI. control agents, 363-64 
Begonio elatior (begonia), 566 
B. Ta (begonia, hybrid), 566 
B. sempervirens (wax begonia), 566 
Bell peppers: frost limits production, 11 
Bellis perennis (English daisy), 550, 552, 

555 
Beloperone guttilta (shrimp plant), 566 
Bemisio tabaci (cotton whitefly), 389 
Benincasa cerifera, 40 
Benomyl: post-harvest residue, 220 
Benzimidazole: resistance, 419 
Benzyladenine, 133 
Ber (Zizyphus mauritiona)(jujube), 464 

bearing habits, 344 
botany, 464 
insect pests, 364 
irradiation effect on shelf life, 416 
irrigation, 465 
propagation, 465 
pruning, 344 
soil requirements, 465 

Ber beetle (Adoretus pallens), (A4oretus 
nitidus), 364 

Ber fruit fly (Carpomyio vesuviona), 364 
Ber mite (Larvacarus transitans), 364 
Bermuda grass (Cynodon dactylon) (SEE 

Lawns), 54~6 
Berry, 15, 68 
Berseem: intercropping, 315 
Beta-amylase: in starch degradation, 92 
Beta carotene, 18 
Beta vulgaris (SEE Beet and Sugar beet) 
Biennial plant, 14, 114 
Bignonia venusta (bignonia), 562 
Binding (pruning), 338 
Bindweed (Convolvulus arvensis), 131, 328 
Biological control of diseases/insect pests: 

357,359,362,363,365,366,369, 
371, 186,387,388,389,390,392, 

Biosynthesis in starch metabolism, 92 
Bischo{Ul javanica (andrikni), 560 
Bisexual flower, 54 
Bitter gourd (lwrela) (Momordica charan

tio 1-) 
botany, 522 
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climate, 522 
irrigation, 522 
medicinal effects, 21 
planting time, 522 
seed rate and sowing, 522 
soil, manures, and fertilizers, 522 
varieties, 522 
yield, 523 

Black currant: vitamin C content, 404 
Black leg: cabbage and cauliflower, 397 
Black peach aphid (Pterochlorus persica), 

366 
Black rot 

cabbage and cauliflower, 396 
grape, 377 

Black tip or fingertip: banana, 379 
Blastophaga wasp: fig pollination, 146 
Blight resistance: potato, 178 
Blooming habit, 552 
Blue mould (post-harvest): citrus, 374 
Blueberry (Vaccinium corymbosum), 38, 

409 
Borax: post-harvest dip, 418 
Borders 

perennial: planning, 553-54 
plants suitable for, 549 

Boron 
deficiency symptoms, 275 
pollen tube growth, 124 
role in plants, 275 

Botryodiplodio spp.: black tip and pseu
dostem rot in banana, 379 

Bottle gourd (Lagenaria sicerarta Molina) 
botany, 523 
climate, 524 
cultural pracltces, 524 
manures and fertilizers, 524 
soil, 524 
varieties, 524 
yield, 524 

Bougainvillea glabra (bougainvilIea), 562 
B. spectabilis (bougainvilIea), 563 
Brachycaudus helichrysi, 365 
Brachycome (Brachycome iberidifolio), 550 
Brassica spp.: botany, 55; 59 
B. caulorapa L. (SEE Kohlrabi) 
B. juncea, 39 
B. oleracea (SEE Cabbage) 
B. oleracea italica (SEE Broccoli) 
B.JUlpus, 398 
B.-rapa L. (SEE Turnip) 
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Brazil: citrus yield, 30 
Bridge grafting, 196 
Brinjal (Solanum melongena L.)(eggplant), 

39 
botany, 512 
climate, 11,512 
critical periods, 326 
harvesting, 513 
hybrid, 164 
insect pests, 390-91 
irrigation, 513 
manures and fertilizers, 512 
propagation, 205 
seed rate, sowing, and timing, 512 
soil, 512 
varieties, 513 
yield, 513 

Brinjal fruit borer (Leucinodes orbonalis), 
391 

Brinjal lacewing bug (Urentius sentis), 390 
Brinjal shoot borer (Euzophera perticella), 

391 
British: contributions to agriculture, 25 
Broadcasting: fertilizers, 278 
Broccoli (Brassica oleracea italica) 

critical periods, 325 
vitamin content, 404, 405 

Brown rot 
peach and almond, 383 
potato (tuber rot), 392 

Brnmus suturalis: bioI. control of c1oudy
winged whitefly, 357 

Brush: for hand pollination, 147 
Brussels sprouts, 179 

Bud 

breeding objectives, 179 
vitamin content, 404, 405 
inbreeding depression, 162 

growth: cytokinins, 133 
union, 302, 303 
wood: storage of, 192 

Budding 
chip, 194 
flapped-patch, 194 
grafting: compared, 192 
ring, 193 
shield (f-budding), 193 

Buddleia asiatica (buddleia), 562 
B. hybrida (buddleia), 562 
Bulbs 

adaptability, 556 

planting, 556 
scaly, 556 
species list, 144, 556 
tunicated, 556 

Bunchy top 
banana, 379 
mango, 454 

Buprestid borer (Sphenoptera lafertii), 368 
Buttercup (Ranunculus acris), 550, 555 
Cabbage (Brassica oleracea L vaT. Capi-

tata), 39 
aroma: components, 406 
boron deficiency, 276 
botany, 515 
breeding/hybridisation, 178, 179 
climate, 515 
critical periods, 325 
diseases, 396-97 
flowering: chemical initiation, 350 
folic aCId content, 405 
genetic male sterility, 147 
irrigation, 516 
magnesium deficiency, 273 
manures and fertilizers, 515 
root pruning, 337 
rotation, 314 
seed rate, transplanting, and spacing, 

516 
soil, 515 
vitamin C content, 405 
varieties, 516 
yield, 516 

Cabbage butterfly (Pieris brassicae), 392 
Cacopsylla bidens (pear psylla), 367 
Calathea zebrina (calathea), 567 
Calcium, 272 

deficiency, 19, 272 
pollen tube growth, 124 
role in plants, 272 

Calendula (Calendula officinalis), 550 
California 

citrus cultivation, 30, 32, 325 
non-tillage practised, 312 

Callistemon lanceolatus (bottle brush), 561 
Callistephus alpinus (aster), 554 
C. chinensis (aster), 550 
C. subcaernlens (aster), 554 
Callus, 165 
Calorie, 236 
Calories: potatoes and bananas, 18 
Calotropis procera (ak), 328 



Ca1vin cycle, 95, 103 
Calvin-Benson cycle (SEE Ca1vin cycle) 
Calyx (sepals), 117 
Campanula carpatica (bellflower), 554 
Campylotropous owIe, 56 
Candytuft 

lberi.r amara, 550 
L sempervirens, 555 

Canna, 556 
Canning, 12 
Cantaloupe: radiation dose, 412 
Capillary water, 240 
Capi~a1 investment, 32 
Capnodium citri: Citrus sooty mould, 372 
c. mangiferae: sooty mould in mango, 376 
Caprifig, 146 
Capsella bunDpastoris (shepherd's purse), 

328 
Capsicum annum ~EE Chili) 
C. frutescens (SEE Chili) 
Capsule, 62 
Carbohydrates, 18 

formation rate, 316 
respiratory quotient, 91 
ripening: composition changes, 408 

Carbon: renewable sources, 245 
Carbon dioxide 

critical to plants, 243 
greenhouse effect, 245 
levels in atmosphere, 245 

Carbonates: in irrigation water, 326 
Carcendlus, 65 
Cardinal temperatures (SEE Temperature, 

cardinal) 
Cargill atrus Juices Company: kinnow 

juice concentrate, 32, 33 
Carica JHIlHlYtl Linn. (SEE Papaya) 
Carissa c:curuulDs Linn., 36 
Carnation (DianIhus caryophyllus), 550, 

554 
Carotene, 18, 61 
Carotenoids, 85 

structure, 89 
synthesis, 61 
vitamin A synthesis, .18 

Carpels (SEE Gynoecium) 
~ vauviana (ber fruit fly), 364 
Carrot (DGucu,y ctmJItl L), 39 

botany, 59,596 
climate, 496 
critical periods, 325 

harvesting, 497 
herbicides, 330 
irrigation, 497 
male sterility, 147 
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manures and fertilizers, 497 
seed rate, 497 
soil, 497 
sowing, 497 
varieties, 497 
vernalization effect: gibberellin, 135 
vitamin content, 404, 405 
yield, 497 

Carya illinoensis Kock (SEE Pecan), 38 
Caryopsis, 65 
Cashew nuts: abscission induced with 

Ethephon, 133 
Cassava: vitamin C content, 405 
Cassia fistula (amaltas), 561 
C. glauca (cassia), 561 
Casumea saliva, 38 
CaW1Ul parcesetoa: bioi. pest control agent, 

357 
Cataracts: and folic acid, 19 
Cauliflower (Brassica oleracea L var. 

Botrytis) 
boron deficiency, 276 
botany, 514 
breeding objectives, 179 
climate, 514 
critical periods, 325 
diseases, 396-97 
harvesting, 515 
irrigation, 514 
magnesium deficiency, 273 
propagation, 204 
seed rate, transplanting, and spacing, 

514 
soil, manures, and fertilizers, 514 
varieties, 515 
yield, 515 

CCC (SEE Cycocel) 
Cedrela toona (tun), 560 
Celery (Apium graveo/ens, var. dulceii), 35, 

39 
flowering: chemical initiation, 350 
potassium deficiency, 272 

Cell walls, 403 
Cellular hybridization, 165 
Celosia argentell cristata (SEE Cockscomb) 
C. plumosa (Celasia). 551 
Celtis austtuIis (lear), 561 
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Cenopalpus pulcher (mite), 366 
CenIDurea cyanus (SEE Cornflower) 
C. monta1Ul (SEE Cornflower) 
C. moschata (sweet sultan), 551 
Central placentation, 59 
Centres of origin of crops, 23 
Cercospora concors: potato leaf spot, 394 
Cestrum noctumum (night jasmine or raat 

Id rani), 55, 562 
Chamaemyiids: bioI. control of aphids, 

365 
Channel-basin system of irrigation, 320 
Character (genetic): induction, 155 
Charcoal rot: papaya, 380 
Cheiranthus cheiri (wallflower), 551 
C. allionii (wallflower), 555 
Chenopodium album (bathu) (Lamb's 

quarters), 328 
amphitropous ovule, 56 
killed with 2,4-D, 132 

C. murale (krund), 328 
Cherimoya (Anno1Ul cherimola Mill.), 37, 

409,465 
Cherry (Prnnus cerasus) (P. avium), 37 

Ethephon: use of, 132-33 
respiratory behaviour, 408 
sour (P. cerasus), 37, 133, 343 
sugar content, 404 
sweet (P. avium), 37, 342 

Cherry tip borer (Quettania coeruleipen-
00), 369 

Chickw~ed (SEE Stelloria media) 
Chiku (SEE Achras zapota) 
Chili (Capsicum annum L, Capsicum 

frutescens L), 39-40 
area planted to, 28 
botany, 148,510 
climate, 511 
critical periods, 326 
diseases, 34, 395 
harvesting, 512 
insect pests, 388-89 
manures and fertilizer, 136-37, 511 
parthenocarpy, 148 
potassium deficiency,. 272 
soi~ 511 
spacing and seed rate, 511 
varieties, 511 
yield, 512 

Chilling 
injury, 19, 229, 403, 424 

requirement (SEE Vernalization) 
sensitivity: factors influencing, 425 

Chi/ocarus spp.: bioI. control agents 
C. bipustulotu.s: control of San Jose 

scale, 365 
C. infemales, 365 
C. nigritus, 365 
C. rubidus, 365 

Chinar (Plotanus orientalis), 560 
Chinese: spread of plants, 24 
Chlorides 

in irrigation water, 326 
role in PS-II, 87 

Chlorine, 244 
deficiency symptoms, 276 
role in plants, 276 

Chlormequat, 134 
Chlorophyll 

a, 85-86, 89, 216 
b, 85,216 
magnesium: role of, 272 
production: role of iron, 274 
structure, 89 

Chiorophytum comosum (spider plant),' 
566 

Chloroplast, 88, 403 
Cholistan: climate and rainfall, 246, 248 . 
Chromophore, 89 
Chromoplasts, 403 
Chromosome number variation, 150 
Chrysanthemum carinaJum (painted dai-

sy),550 
C. morifolium (chrysanthemum), 550, 554 

breeding, 179 
pruning, 340 
seeds not regularly produced, 144 

Chrysopa spp. (Chrysopidae), 326 
bioI. control of apple wooly aphid, 

365 
bioI. control of citrus psylla, 357 
control of peach curl aphid, 367 
control of pear psylla, 367 

Chungi, 33 
Cineraria (Senecio CI'IIeIIIIU), 550 
Cichorium eNiiva, 40 
Citmdia, 175 
Citrandrin, 439 
Citrange, 156,175,439 
Cittangequa~ 175,439 
Cittic acid: irradiation effects, 415 
Citricu1ture, 6 



Citron (Citrus medica), 24,36, 174 
Citrullus lanotus Thanb. Mavs. (SEE Water-

melon) 
C. vulgaris L. (SEE Indian squash) 
Citrumello, 439 
Citrus 

bearing habits, 343, 448 
boron deficiency, 276 
botany, 170,172,174,437 
breeding achievements, 175 
California: production, 30,32,312, 

325 
chilling sensitivity, 425 
climate, 441 
cold-tolerant varieties, 175 
commercial species, 438 
cultivation and intercropping, 316, 

443,444 
diseases, 371-75,419,450 
emasculation and pollination, 172 
Ethephon for ripened colour, 132 
fertilizers, 445-46 
f1ower-bud initiation, 116 
frost-resistance, 441 
fruit drop, 448 
fungicide residues, 420 
genus Citrus, 437, 438, 439 
genus Fortunella, 437, 438, 439 
genus Poncims, 437, 438, 439 
germination, 173 
granulation, 449 
grapefruit: fertilizers, 446 
groves: life span, 32 
Guazatine in controlling rot, 419 
harvesting methods, 410-11 
humidity: effect of, 441 
hybrid species, 439 
ImuaJil: against post-harvest decay, 

419 
Ittseet pests, 356-59, 450 
irrigation, 325,413-15,444 
lemon: pruning, 447 
magnesium deficiency, 273 
molybdenum deficiency, 269 
nitrogen deficiency, 269 
nucellar seedlings, 173 
origin, 23 
phosphorus, 270-71 
planting, 293, 302, 303 
ploidy, 151, 174 
pollen collection, 172 
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polyembryony, 174 
post-harvest dips, 418 
post-harvest metabolic changes, 415 
potassium, 271-72 
production, Pakistan, 8,29,439-40 
propagation, 144,442,443 
pruning, 343, 447 
radio-pasteurization, 416 
returns, economic, 32 
rootstocks, 344, 442 
seed harvesting, 173 
seedless: parthenocarpy, 148 
soil requirements, 441 
storage, 19, 418, 424 
sulphur deficiency, 273 
sweet oranges: fertilizers, 446 
TBZ: fruit rot, 421 
training, 447 
unfruitfulness, 448 
Valencia late orange, 446 
waxing, 417 
yield, 30, 32 
zinc deficiency, 274 

Citrus aurantifolia Swingle (SEE Lime) 
C. aurantium (khatta), 562 
C. aurantium Linn. (SEE Orange) 
Citrus canker, 374, 450 
Citrus grandis Linn. (Shaddock, pomelo, 

pummelo, thick-rinded grapefruit), 
36,424 

C. jambhiri Lush., 36 
C. kama Raf., 36 
Citrus leaf miner (Phyllocnistis dtrella), 

358 
Citrus limetetioides Tan. (sweet lime), 36 
C. limon (L.) Burm. (sweet lemon), 36 
C. limonia Osbeck (SEE Lemon) 
Citrus mealybug (Pseudococcus filamen-

tosus), 357 
Citrus medica Linn. (SEE Citron) 
C. microcarpa (SEE Baramasi) 
Citrus mite (ParatetTanychus citri), 359 
Citrus nematode (Tyknchulus semipene-

Irons), 359 
Citrus paradisi Mad. (SEE Grapefruit) 
Citrus psyUa (Diophorina citri), 356 
Citrus red scale (Anonidiella aurantii), 

358 
Citrus regulo.sa Jan., 36 
C. reticulata Blanco (SEE Kinnow man

darin) 
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C. sinensis Linn. (SEE Sweet orange) 
Citrus/grape mealybug (Planococcus cirri), 

357 
City sweepings, 263 
Cladosporium carpophilum: peach scab, 

384 
Clarkia (Clarkia elegans), 550 
Clay loam: crops grown on, 257 
Clean cultivation, 264 

advantages and disadvantages, 313 
citrus: recommended, 444 

Cleistogamy, 56 
Clerodendron thomsonae (c1erodendrum), 

567 
Climacteric, 127 

frUIts: list of speCIes, 408 
respiration, 128, 407 
temperature, affected by, 128 

Climate, 246 
modifIed by plants, 21 
orchard location selection, 287, 305 
requirements for horticultural crops, 

287 
Climbers and creepers: propagatIOn, 210 
Clonal propagation: problems, 161 
Clonal selection, 161 
Clone: defined, 145 
Clouds: heat loss, 225 
Cloudy-winged whltefly (Aleurolobus cirri

Jolii), 357 
Club rot: cabbage and cauliflower (Plas

modiophora brassicae), 396 
Cluster bean (Syamopsis tetragonoloba L, 

Taub.) 
botany, 528 
climate, 528 
harvesting, 528 
irngation, 528 
seed rate and spacing, 528 
soil, manures and fertilizers, 528 
varieties, 528 
yield, 529 

Coccinellidae 
bioI. control of aphids, 363, 365 
bioI. control of apple lace bug, 364 
bioI. control of San Jose scale, 265 

CockBcomb (Celosio argentea cristflta), 551 
Cocos nucifera Linn. (coconut palm), 36, 

562 
Codiaeum variegatum (croton), 566 
Codling moth (Cydia pomonella), 366,472 

Coffee (Coffea arabica) 
autotetraploid, 152 
beans: induced ripening, 132 
flowering: initiation of, 117 
periderm, 124 

Colchicine 
application method, 156 
source, 156 
tetraploidy: inductIOn of, 151 

Colchicum autumnale (SEE Crocus) 
Cold frames, 232 
Cold-air drainage, 226 
Colletotrichum gloeosporioides 

anthracnose in mango, 375 
anthracnose and dieback in papaya, 

380 
withertip, 371, 450 

Colocasia esculentfl (SEE Taro) 
Color: in garden design, 540, 554 
Commercial gardens, 300 
Complete flower, 14,54 
Coneflower (Rudbeckia speciosa), 554 
Conifers (Gymnosperms), 16 
Conservation, post-harvest, 401 
Coral tree (Erytherina suberosa), 560 
Cordylme terminalis (cordyline, ti plant), 

566 
Cornflower 

Centaurea cyanus, 550 
C. montana, 555 

Conservation of Energy, Law of, 84 
Consumption, per capita: fruit and vege-

tables, 29 
Consumptive use: water, 241 
Contamination: weeds, 327 
Continents: effect on temperature, 226 
Contour layout system, 299,313 
Contractors, 33 
Convolvulus arvensis (lehli) (SEE Bind

weed) 
Convolvulus hawk moth (Herse convol

vuli), 362 
Convolvulus tricolor (dwarf morning glory), 

551 
Cooking methods: and vitamin content, 

19 
Cool-season crops, 227 
Copper deficiency symptoms, 275 
Cordyline terminalis (ti plant), 566 
Coreopsis lanceolata (tickseed), 555 
Coreopsis, 556 



Coriander (Coriandrum sativum), 39,59 
Corm, 144,556 
Comopus didymus (jangli haloon), 328 
Corolla (petals), 55, 117 
Corticium salmonieolor: pink disease in 

citrus, 374 
C. rolfsii: root rot in peach and almond, 

385 
Corylus avellana Linn., 38 
C. maxima Mill, 38 
Cosmopoliles sordidus (banana weevil), 

363 
Cosmos bipinnatus (cosmos), 550 
C. sulphureus (cosmos), 551 
Costs 

production, 20 
seed, 30 

Cotton: as mtercrop, 315 
Cotton aphid (Aphis gossypii): pest of 

cucurbits, 386 
Cotton whitefly (Bemisia tabaci): pest of 

okra, 389 
Cowpea aphid (AphIS craccivora): pest of 

peas and beans, 389 
Cowpea (Vigna sinenslS Savi), 527-28 
Crab apple (Pyrus baccata), 37, 469 
Crassulacean metabolism, 220 
Creepers: species, list, 562 
Cremocarp, 65 
Cristae, 97 
Critical light period, 129 
Critical periods, 325 
Crocus (Colchicum autumnale), 128, 156, 

556 
Crop 

cover, 314 
plants: centres of diversity, 156 
rotation, 314--15, 386, 393, 396, 397 

Cross-poJlination (allogamy), 55, 118 
advantages and disadvantages, 121 
breeding of cross-pol. crops, 160 
species, 55, 146 

Crossing (SEE Hybridization) 
Crotch angle, 333, 349 
Crowding: conseque~ces, 292 
Crown and crotch injury: reduced by prun

ing, 333 
Crucifers: insect pests, 392 
Crypto.rporel/a vitieola: leaf spot in grape, 

378 
crv virus: tristeza in citrus, 374 
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Cucumber (Cueumis sativus L.), 40 
aroma: components, 406 
botany, 517 
climate, 11, 517 
critical periods, 326 
epigeal germination, 113 
flowers: initiation, 132 
harvesting, 519 
irrigation, 518 
manures and fertilizers, 518 
parthenocarpy, 148 
propagation, 205 
pruning, 340 
respiratory behaviour, 408 
seed rate and sowing, 518 
soil, 518 
varieties, 518 
waxing, 417 
yield, 519 

Cucumis anguria, 40 
C. melo, Inodorus Group (SEE Muskmel

on) 
C. melo, Reticulatus Group (SEE Musk-

melon) 
C. sativus L. (SEE Cucumber) 
Cucurbita maxima (pumpkin), 40 
C. moschata Poir (SEE Pumpkin) 
C. pepo var. Pepo, 40 
Cucurbltaceae (Cucurbits) 

diseases, 394 
flowers, female: number increased, 

132 
germination and light, 219 
insect pests, 386-88 
propagation, 206 
skin color and pollen parent, 126 

Cultivar: definition, 17 
Cultivars, sexually propagated, 17 
Cultivated acreage: cannot be increased, 

30 
Cultivation 

benefits and adverse effects, 311-12 
clean, 313 
deep, 312 
recommendations: provisional, 314 
shallow, 312 

Culture, tissue (SEE Tissue culture) 
Cupressus sempervirens (saroo, cypress), 

561 
Curing, 411 
Curouma longs, 39 
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Custard apple (A- 1qUIImotrtI) 
botany, 46S 
fertilization and irrigation, 466 
propagation, 466 
soil and climate, 466 

Cuttings: growth regulators for rooting, 
191,345 

Cutwonns (Agrotis spp.): c:uc:urbits pest, 
388 

c.;au revoIUIII (cycas), 562, 566 
Cycoc:el (CCC), 134, 135 
Cydia potPIt1MIls (apple c:odIing moth), 

366,472 
CydorsilI obIorItP Mill, 37 
Cynodon dactyIon (khsbG' grass), 328 
Cypmu rotwrdu.r (d«ilI), 328 
Cyphotrllllldta bdIIua (SEE Tamarillo) 
Cypsela, 6S 
Cytoc:hromes, 87 
Cytokinins 

fruit growth maintained, 150 
fruit set in grapes enhanced, 126 
function in plant, 133 
location/source, 133 
physiological action: mode, 133 

Cytoplasm, 403 
Cytoplumic male sterility, 147 
Dactyloctenium aeryplica (mtIdJuma grass), 

328 
D. hydrophiIoidu: bioi. control of banana 

weeYil, 363 
Dacus CIII:IIrlJiIDe <meloa fruit fly), 387 
D. donaJi.s «(mango] fruit fly), 360, 367 
D. ZOIUIIUS (fruit fly), 367 
DahlilI coccinetl (dahlia), 179-80,555,556 
Daisy: t1owering. c:hemic:aI initiation, 350 
Dalapon, 330 
DaIbetgilI __ (sbiIbam), 128, S60 
Daminozide, 134 
Damping-off 

b-. 380 
cabbllF and cauliflower, 397 

Danrin, Charles, 23 
Date, fruit 

irradiation effect on IIbeIf Hfe, 416 
production: Pakistan, 440, 459 
ripenin&: time, and pollen pareDt, 126 
storage conditions: optimum, 425 
sugar content, 61, 404 

Date palm (Phoenix dactyli/mI), 36, 
75-76,562 

botany, 75, 458 
climate, 459 
DJ. Khan and Balochistan, 26 
fertilization, 460 
insect pests, 361-62 
irrigation, 461 
pollen viability: test, 147 
pollination, 460 
propagation, 144,460 
pruning, 461 
Punjab: monsoon problem, 459 
soil requirements, 460 
varieties, 459 

Date palm scale (Parlatoria blmlell/mm), 
366 

Datura irulica (dlultura), 328 
Daucus carota var. lativus (SEE Carrot) 
Day lily 

lemon (HemerocaUis Jkwa), 555 
tawny (H. fulva), 555 

Daylength, 129, 218, 247 
bud dormancy, 219 
equator, 223 
tuber formation, 218 

Day-neutral plants, 129 
De Saussure, N.T., 84 
Deciduous plants, 13 

cuttings: when made, 191 
rest period, 116, 131 
transplanting, 302, 303 

Deficiencies: vitamins and minerals, 18 
Definitive nucleus (SEE Nucleus, defini-

tive) 
Degree-days, 228, 409 
DelUcent fruits (SEE Fruit, dehiscent) 
Dehorning. 338 
Dehydration, 12 
Deletions ( deficiencies), 153-55 
De/pIaiIIium ajacu (delphinium), 550, 552 
D. gnuuIiJ1DIwra (larkspur), 5S5 
Design: garden, 540-42 
~ya bipinnatD (dIuIbb), 328 
Dew: formation, 239 
Dew point, 228 
Diamondbaclt moth (PIMIeUa xyIoste/kl ('"' 

p. maculipcruli.r)): cruciferous crops 
pest, 392 

DiandNu btubaIJu (sweet William), 551, 
554 

D. caryophylbu (carnation). 550, 554 
D. chinen.rU (dianthus), 550 



D. delto/des (pink [maiden)), 554 
Dwphorina citri (citrus psylla), 356 
Dibromotetrachloroethane, 418 
Dicamba, 330 
Dichogamous flowers, 145 
Dicots (SEE Dicotyledonae) 
Dicotyledonae: subclass of Angiospermae, 

16 
Dieback 

papaya, 380 
citrus, 375 
mango, 376 
chllies, 395 

Dieffenbachia picta (dumb cane), 566 
Digitalis purpurea (foxglove), 555 
Dimorphotheca aurantiaca (SEE Marigold) 
Dioecious 

flower, 54 
plants: important crop species, 146 

Diospyros kaki Linn. (SEE Persimmon) 
D. lotus Linn. (amlok), 38, 480 
Diphenyl 

post-harvest residue acceptable, 220 
wraps, 418 

Diphenylamine: in wax emulsions, 417 
Diplodia natalensis 

dieback in mango, 376 
controlled by TBZ, 419 
radiation resistance, 414 

Diploidy: in citrus, 174 
Diquat, 330 
Disbudding, 342 
Diseases 

crop rotation to control, 314 
mango, 34, 375-77,455 
citrus, 371-75,450 

Diversity 
centres of, 158 
lack of in horticultural crops, 34 

DNA 
cleaved by restriction endonucleases, 

166 
regulates fruit ripening, 128 

Dolichos Iablab Roxb. and L (SEE Hya
cinth bean) 

Dormancy 
breaking, 136, 348 
chemical regulation, 348, 349 
daylength, 219 

Double fertilization, 59, 128, 148 
Double samara, 65 
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Downy mildew 
cabbage and cauliflower, 396 
cucurbits, 394 
grape, 378 

Dracaena deremensis (dracaena), 566 
Drosicha stebbingi (mango mealybug), 359 
Drupe (stone fruit), 15,65 
Dry fruit, 19,62 
Dry rot (tuber rot): potato, 393 
Duckweed (Wol!fza), 54 
Duplications (additions), 155 
Durio zibethinus unn., 37 
Dust: effect on plants, 244 
Dwarfism 

chemical control, 350 
pruning to effect, 333 

Earias insulana (spotted bollworm), 390 
E. vitella (spotted bollworm), 390 
Early blight: potato, 393 
Earnings: horticulture, 20 
Earth ball, 303 
Earth: axis, 222 
Edging plants, 549 
Eggplant (SEE Brinjal) 
Ehinochloa colonum Swank, 328 
Einstein, A1bert, 216 
Electricity: supply for tissue culture, 200 
Electromagnetic spectrum, 216 
Electron transport system: photosynthesis, 

87 
Elements: major and trace, 267 
Elevation: effect on temperature, 224 
Elgetol (SEE Sodium dinitro-orthocresy-

late) 
Elsinoe ampulina: anthracnose in grape, 

378 
Emasculation, 146 

citrus, 172 
apple flowers, 168 
mango, 176 

Embryo 
development, 56, 59, 122 
mother cell (megasporocyte), 118 

Embryonal cell, 60 
Emerson enhancement effect, 88 
Emitters, 322 
Emphasis: in garden design, 541 
Encania lutea: bioI. control of cotton 

whitefly 
E. pemiciosi: bioI. control of San Jose 

scale, 365 
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Endocarp, 62 
Endosperm: development, 60, 123, 147 
Endospermic nucleus (SEE Nucleus, endo-

spermic) 
Endosporium (intine), 59 
English daisy (Bellis perennis), 550, 555 
Entomophilous plants, 146 
Entomophthora exitialis: bioI. contIOI of 

cotton aphid, 386 
E. sphaerosperma Frees: bioI. control of 

grapevine leaf hopper, 362 
Enzyme activatton: potassIUm. 271 
Epicarp ( exocarp, flavedo), 61 
Epicotyl, 113 
Epigeal germination, 112 
Epigynous flower, 54 
Epilachna demurili (hadda beetle), 390 
E. duodecastigma (hadda beetle), 387 
E. vigintioctopunctata (hadda beetle), 387 
Equator: daylength, 223 
Equinoxes, 222 
Eranthemum nervosum (eranthemum), 

562 
Eretmocerus mundus: Giol. control of cot

ton whitefly, 390 
Eriobotrya japonica Lindi (SEE Loquat) 
Eriosoma lanigerum (apple wooly aphid), 

364 
Erosion: prevented by plants, ..:1 
Erwinia spp., 236 
E. amylovora: fire blight in pear/apple, 

382 
E. carotorora: pseudostem rot in banana, 

379 
Erysiphe cichoracearum: powdery mildew 

in cucurbits, 394 
E. polygoni: powdery mildew in peas, 395 
Erytherina suberosa (coral tree), 560 
Erythroneura spp. (grapevine leaf hopper), 

362 
Etaerio, 68 
Ethephon 

dormancy regulation, 349 
fruit thInning, 347 
ripenIng: Induced, 132 

Ethylene 
dormancy breaking, 136 
gas: in storage atmosphere, 425 
horticultural uses, 132 
mode of action, 132 
ripening, 128, 408 

Etiolation, 110 
Eucalyptus citriodoria (eucalyptus), 559, 

560 
Eucitrus, 438 
Eugeniajambolana Lam. (SEE Jaman) 
Euphorbia hirta (dodhak), 328 
E. pilulifera (hazardani), 328 
E. pulcherrima (poinsettia), 566 
E. splendens (crown-of-thorns), 566 
Euproctisfratema (hairy caterpIllar), 370 
E. lunata (hairy caterpillar), 370 
Eurytoma spp. (apricot cha!cid), 368 
'Euseius mediocns: bioI. control of citrus 

mite, 363 
Euzophera perticella (brinjal shoot borer), 

391 
Evaporation: post-harvest spOIlage, 403 
Evapo--transpirattonal potenttal, 316 
Evergreens, 13 

fruits: planting, 302-3 
propagation, 191,210 
trees, 16 

Exine (extine) (exosporium), 59,117 
Exocarp (epicarp, flavedo), 61 
Exosporium (SEE Exine) 
Exports 

increase, 20, 29 
poor quality produce, 402 

Export Promotion Bureau, 35 
Extine (SEE Exine) 
Faisalabad, University of Agriculture (SEE 

University of Agriculture, Faisal
abad) 

Falsa, 15 
bearing habits, 343 
irradiation effect on shelf life, 416 
pruning, 342--43 
stem cuttings, 144 

False fruit, 60 
Family: botanical, 16 
FAO: fungicide residues, acceptable levels 

by country, 420-21 
Farmers, small: problems faced by (SEE 

ALSO Growers), 34 
Farmyard manure, 262-63, 300 
Fats: crops rich in, J 8 
FAT A: horticultural production, 29 
Feijoa sellowiana (strawberry guava): re-

spiratory behaviour, 409 
Fencing: orchards, 291 
Fennel: genetic male sterility, 147 



Fenugreek (frigonelkz foenumgraecum L.) 
(methi), 39, 505-6 

botany, 505 
climate, 505 
harvesting, 506 
irrigation, 505 
soil, manures, and fertilizers, 505 
spacing and seed rate, 505 
yield, 506 

Fermentatton: in harvested produce, 405 
Ferns (Filicinae), 16 
Ferredoxin: in eleqron-transport system, 

87 -
Fertigation, 278 
Fertile Crescent, 23 
Fertilization: double, 59, 121, 148 
Fertilizers, 326 

time of applicll$ion, 279 
method of application, 277 

Fibre: deficient in diet, 18 
Ficus spp., 559 
F. bengalensis (barghad), 560 
F. benjamina (weeping fig), 567 
F. carica Linn. (SEE Fig) 
F. elastica (rubber plant), 567 
F. infectoria, (pilkhan), 560 
F. religiosa (peepal), 560 
F. retl/sa (peepli), 560 
Field beans: genetic male sterility, 147 
Field capacity, 240, 258 
Fig (Ficus carica Linn.), 37 

bearing habits, 344 
growth regulators: fruit-set, 347 
IBA and NAA: use of, 130 
pollination, 146 
pruning, 344 
propagation: stem euttings, 144 
respiratory behaviour, 409 
ripening: induced, 132 
storage: optimum conditions, 425 

Filicinae (ferns), 16 
Fire blight: apple/pear, 382 
Flavedo (epicarp, exocarp), 61 
Flavoprotein, 87 
Flavour 

irradiation effects, 415 
ripening, 406 

Fleshy fruits (SEE Fruit, succulent) 
Flood irrigation (SEE Irrigation, flood) 
Floriculture, 28 
Florida: citrus yield, 30 

F1origen, 218 
Flower 

bisexual, 54 
buds, 115-17 
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complete, 14,54 
dichogamous, 145 
dioecious, 54 
epigynous, 54 
hermaphrodite; 14 
herkogamous, 146 
homogamous, 145 
hypogynous, 54 
incomplete, 14,54 
monoecious, 54 
morphology, 54-56, 117 
neuter, 546 
perfect, 14 
pistillate, 54 
protogynous, 145 
staminate, 54 
staminode, 54 

Flowering 
chemical regulation, 349 
habit: basis for classification, 14 
photoperiodism, 217-18 

Flowers: annual, 546-51 
bedding and borders, 549 
germination time, 548 
plant spacing, 548-49 
pruning, 340 
seed procurement, 547 
sowing, 54'1 
species: list of, 550-51 
training and supporting, 549 
transplanting, 548 
watering, 549 

Flowers, perennial: species, 554-55 
Fluorides: origin and effects, 244 
Fly speck: apple, 381 
Foliar spray, 279 
Folic acid: and cataracts, 19 
Follicle, 62 
Foot rot, 305, 376 
Foot-candle, 216 
Forcing, 11,288 
Foreign currency: expense to import 

seeds, 31 
Forestry: and horticulture, 3 
Forget-me-not (Myosotis scorpioides), 554 
Form 

in garden design, 540 
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plant, 552 
Fortunella (kumquat): crossed with Citrus, 

156 
F. crassifolia Swing., 439 
F. hindsii Swing., 439 
F. japonica Swing. (round kumquat), 439 
F. margarita Swing. (oval kumquat), 36, 

439 
Foxglove (Digitalis purpurea), 555 
Fragaria ananassa (SEE Strawberry) 
F. virginiana Duchesne (SEE Strawberry)' 
Fraxinus pennsylvanica (seedless ash), 560 
Free central placentation, 59 
Freesia: planting time, 556 
Fleeze 

damage, 226, 228 
definitions, 228 

Freezing: of produce, 12 
French beans: little inbreeding depression, 

163 
Frets, 89 
Frost 

black, 228 
control, 231 
pockets, 226 
radiational, 232 
white, 228 

Fruit 
aggregate, 68 
area and production, 8, 28 
aroma, 406 
climacteric, 408 
common: edible parts, 70 
composite (multiple), 15,68-69 
composition, 18, 405 
dehiscent, 64 
development affected by seeds, 13, 

126 
dry, 19,62 
false, 60 
growing: long-term enterprise, 290 
growth, 124, 149 
indehiscent, 65 
nutritional value, 19,404-5 
Pakistan: grown in, 8 
production, world, 8 
schizocarpic, 65 
simple, 62 
succulent, 15, 65, 124 
setting: growth regulators, 346 
spurious, 60 

thinning, 127,338,347 
Fruit flies (Dacus zonatus, D. dorsalis), 

367,369 
Fruit rot 

papaya, 381 
chilies, 395 
mango, 375 
pomegranate, 385 
tomato, 394 

Fruit Specialist: appointed in 1925, 26 
Fruit trees (SEE ALSO Orchards), 34 

irrigation, 318 
rootstocks, 34 
spacing, 292 
temperature requirements, 230 

I:rmt-piercing moth (Ophideres spp.), 358 
Fumaria indica (shahtra), 328 
Fungi: as bioI. control agents, 362, 389, 

390 
Fungicides 

residues: acceptable, 420 
resistance: development of, 419 

Furrow irrigatIon, 320 
Fusarium spp.: Cltws wilt, 372 
F. angustum: potato dry rot, 393· 
F. conglutinans: cabbage/cauliflower wilt, 

397 
F. lycopersici: tomato wilt, 395 
F. oxysporum 

cabbage/cauliflower wilt, 397 
mango root rot, 376 
potato dry rot, 393 
potato wilt, 393 
tomato wilt, 395 

F. radicola: potato wilt, 393 
Fusicoceum viticola: leaf spot in grape, 

378 
Gaillardia amblyodon (gaillardia), 551, 

552,554 
G. aristata (blanket flower), 552 
Gametogenesis, 55, 117 
Gamma irradiation (SEE Irradiation) 
Gardenia f/onda (gardenia), 562 
Gardens (SEE ALSO Orchards) 

commercial, 300 
formal, 24 
history, 539 
home, 301,559 
layout, 291 
market: local, 301 
moraine, 542 



Muslim influence, 24 
rock, 542 
scree, 542 
small: trees suitable for, 559 
wall, 542 
water, 24, 542 

Garlic (Allium sativum L.), 38, 502-3 
botany, 502 
climate, 503 
dehv~ration, 12 
Lrtilization, 503 
harvesting, 503 
insect pests, 388 
irradiation: sprouting inhibited, 412 
irrigation, 503 
partial senescence, 128 
planting, 503 
soil, 503 
yield, 503 

Gas pockets: gamma madiation, 414 
Gas storage, 425 
Genes 

cloning, 166 
segregation: in hybrids, Hil 

Generative nucleus, 117 
Genomic number, 150 
Genus, 16-17 
Geotrichum candidum: radiation resist

ance, 414 
Germinati,)n 

~.,nual flowers: times, 548 
citrus, 173 
enhanced: gibberellic acid, 131 
epigeal, 112 
hypogeal, 112-13 

Ghooti, 189 
Gibberella fugikuroi, 345 
Gibberellic acid (GA) 

citrus fruit drop control, 449 
dormancy: regulation, 349 
fruit growth maintaining, 149 
GA3: fruit thinning, 343 
mango inflorescence malformation: 

effect 011, 135 
Gibberelltu, 345 

carrot: used with, 135 
dwarfism: control, 350 
fruit set stimulated, 126 
regulatory functions, 131 
synthetic: use in horticulture, 131 

Ginger (Zingiber officinale), 39 
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propagation, 144 
herbaceous perennial, 115 

Girdling (scoring), 338 
Gladiolw, 

dormancy, 136 
partial senescence, 129 

Gladitschia, 559 
Glasshouses, 233 
Gloeodes pomigena: sooty blotch in apple, 

381 
Gloeosporium spp.: pseudostem rot in 

banana, 379 
G. f'lasamm: black tip in banana, 379 
G. plperatum: dleback in chi lies, 395 
Glomerella cingulata 

anthracnose and dieback in papaya, 
380 

anthracnose tn mango, 375 
Glucose: tn respiration, 90 
Glut periods, 11,33 
Glycine max, (SEE Soybean) 
GlycolYSIS, 92-93 
Glyphosate, 330 
Gnorimus tabella: bioI. pest control agent, 

359 
Golden nematode (Heterodera rostochi-

ensis): potato pest, 386 
Goldenrod (Solidago canadensis), 555 
Goldentuft (Alyssum saxatile), 555 
Gomphrena globosa (Gomphrena, globe 

amaranth), 551 
Gourd 

bitter (karela) (Momordica charantia 
L.), (SEE Bitter gourd) 

bottle (Lagenaria sicerarta Molina), 
(SEE Bottle gourd) 

epigeal germination, 112 
frost as limit on production, 11 
ridged (Luffa acutangula Roxb,) (SEE 

Ridged gourd) 
sponge (Luffa cylindrica Roem) (SEE 

Sponge gourd) 
Grafting 

approach (inarching), 194, 453 
bark, 196 
bridge, 196 
cleft (wedge), 195 
side, 198 
species propagated through, 144 
splice, 196 
T -grafting, 198 
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tongue, 196 
top working, 198 
veneer, 197 
wedge (cleft), 195 

Gram: hypogeal germination, 113 
Gram caterpillar/pod borer (He/iothis 

armigera): pest of peas and beans, 
389 

Graniliieae (J'oaceae), 111 
Grana, 89 
Granulation (riciness), 449 
Grape (VUis spp.) 

American (V, Iabrusca), 38, 481 
bearing habits, 343 
boron deficiency, 276 
botany, 481 
disease;, 377-78 
early maturing: in Punjab, 35 
European (V, vini/era), 15,38 
fruit setting: enhanced by gibberellin 

and cytokinins, 126 
growth regulators, 346 
IBA and NAA: use of 130 
insect pests, 362--{j3 
irrigation, 482 
magnesium deficiency, 273 
Muscadine (V, rotundifolia), 480 
Pakistan: area and production, 482, 

483 
potassium: effect of, 271 
production, 8, 29, 483 
propagation, 482 
pruning, 341,343,482 
r;ldiation dose: tolerable, 412 
respiratory behaviour, 408 
soil and climate, 482 
sugar content, 404 

Grapefruit (Citrus paradisi) (also pummelo 
or pomelo) 

aroma: components, 406 
irradiation effects, 415 
Marsh variety: origin, 175 
medicinal properties, 21 
rootstock, 344 
storage: optimum conditions, 424 
Thompson variety: origin, 175 
wax emulsions: effects, 418 
zygotic seeds, 174 . 

Grapevine beetle (Sinaxylon anale), 363 
Grapevine girdler (Sthenias grisator), 363 
Gr~ leaf roller (Sylepmlunalis), 362 

Grapevine leaf hopper (Erythroneura 
spp.), 362 

Grapevine thrips (Rhipiphorothrips cruen-
moo), 362 

Gravenstein apples: triploid, 151 
Gravitational water, 240 
Greasy spot: citrus, 373 
Greeks, 24 
Green manuring, 261,264 
Green mould (Penicillium digitatum) 

citrus: post-harvest, 373 
fungicides: effective, 419 

oreen peach aphid (Myzus persicae), 367 
(freen stink bug (Nezara viridula): potato 

pest, 386 
Greenhouse effect, 245 
Greenhouses, 232 
Greenzit: Kinnow mandarin, 134 
Grevillea robUSlll (silver oak), 560 
Grewia asiatica, 37 
Ground layering, 190 
Groundnut (peanut) (Arachis hypogaea) 

autotetraploid, 152 
cleistogamous, 56 
hypogeal germination, 113 

Ground cover plants: species list, 546 
Growers (SEE ALSO Farmers) 

holdings: size of, 29 
share of consumer-paid price, 33 

Growing points: effect of reducing num
ber, 332 

Growing season, 227 
Growth 

control by grafting, 344 
direction: control by pruning, 332-33 
habit: basis for classification, 13 
hormone, 345 
inhibitors: synthetic, 134 
regulators, 130, 133, 191, 345-46 

Gryllollllpa ",7icana (mole cricket), 386 
Guava (Psidium guajava), 36 

bearing habits, 344 
botany, 72, 456 
clonal rootstocks: production, 190 
diseases, 34, 458 
fertilizers, 457 
fruit fly problem, 458 
gro,wth regulators, 346 
irradiation: effects, 412, 416 
irrigation, 457 
Pakistan: production, 440, 456 



propagation and planting, 457 
pruning, 344, 457 
seeds, pre-germination treatment, 

188 
soil and climate, 456 
storage conditions: optimum, 425 
vitamin C content, 404 

Gujranwala Distnct, 11, 33 
Guzrnania lingulata (orange star), '566 
Gymnosperms (Gymnospermae), 16 
Gynoecium (carpels), 55, 117 
Gypsophila paniculata (baby's breath), 554 
Habit, 540 
Hadda beetle 

• Epilachna demurili: brinjal pest, 390 
E. duodecastigma: cucurbits pest, 387 
E. vigintioctopunctata: cucurbits pest, 

387 
Hail: formation, 239 
Hairy caterpillars (Euproctis [raterna, E. 

lunata, 370 
Half-hardy crops: definition and examples, 

227 ' 

Hamelia patens (hamelia), 562 
Hard-wood cuttings: species, 191 
Hardening, 231 
Hardy plants, 15,227 
Harmonia dimidiata: bioI. control of pear 

psylla, 367 
Harmony: in garden design, 541 
Harvesting 

chemical, 41 I 
date: prediction of, 409 
mechanized, 410 
methods compared, 410 

Hawk moth (Theretra alecto), 363 
Heading-back, 337 
Heat 

loss, 224-25 
of fusion, 221, 237 
of vaporization, 221, 23 7 
specific, 220 

Heat unik, 409 
Heaving, 229 
Hedera helix (English ivy), 566 
Height: chemical control of, 340 
Helianthus annuus (SEE Sunflower) 
H. orgyalis (sunflower), 555 
H. tuberosus (Jerusalem artichoke), 40, 

128 
Helichrysum bracteatum (strawflower), 550 
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Heliothis armigera (tobacco budworm, 
gram caterpillar/pod borer), 389 

Heliotropium supinum (Oant chara), 328 
Helipterum roseum (Acroclinium), 550 
Hemerobidae: bioi. control of apple wooly 

aphid, 365 
Hemerocallis flava (day lily, lemon), 555 
H. fulva (day lily, tawny), 555 
Hemicelluloses: breakdown, 61 
Herbaceous plants 

definition, J3 
pruning, 340 

Herbicides, 329-31 
classification, 329-30 
precautions, 33 I 

Herkogamous flower, 146 
Hermaphrodite flower, 14 
Herse convolvuli (convolvulus hawk moth), 

362 
Hesperidium, 68, 438 
Heterodera rostochiensis (golden nema

tode), 386 
Heterophragrna adenophyl/um (beeri patta), 

561 
Heterosis (hybrid vigour), 163-64, 168 
Heterostyly, 146 
Hexagonal layout system, 297 
Hexokinase: in phosphorylation, 93 
Hibiscus esculentus (SEE Okra) 
H. mutabilis (pahari gurha/), 561 
H. rosa sinensis (gurha/), 562 
H. syriacus (pahari gurha/), 562 
High-temperature injury, 229 
Highways: trees suitable for, 559 
Hill Reaction, 84, 86 
Hilum, 60 
Histology: definition, 53 
Historical mistakes, 28 
Hollyhock (Althea rosea), 550, 555 
Holy Quran: fruits mentioned, 24 
Home gardening, 10, 301 
Homogamous flower, 145 
Hoplolaimus indicus (lance nematode), 

359 
Hordeum jubatum (squirrel-tail grass), 

328 
Hormones, 130 
Horticultural crops: characteristics, 5 
Horticultural Research Station, Shujabad: 

mango crossing work, 177 
Hooa subcordata (hosta), 566 
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Hotbeds, 233 
House plants 

care: gUIdelines, 565 
failure: causes, 563 
growing media, 564 
nutntlOn and fertilization, 564 
potting and repotting, 565 
selection criteria, 563 
specIes: list, 566-67 

Howela belmoreana (kentIa palm), 567 
H. Jorsteriana (kentIa), 562 
Humid subtropical climates, 249 
Humidity 

absolute, 237 
relative, 237 
specifIC, 237 

Hyacinth bean (Dohchos lablab Roxb. and 
L.), 529 

botany, 529 
chmate, 529 
cultural practices, 529 
varieties, 529 
yield. 529 

Hybrid vigour (SEE Heterosis) 
Hybndization 

asexual methods, 144 
baJra x Napier grass hybrid, 151 
cellular, 165 
mango, 176 
techniques, 162 

Hydrolysis: in starch metabolism, 92 
Hydroponics, 267 
Hygroscopic water, 240 
Hypobaric (Iow-pressure) storage, 426 
Hypocotyl, 112 
Hypogeal germination, 113 
Hypogynous flower, 54 
Hypophysis, 60 
IAA: effect on peas, 130, 135 
IBA: early root initiatIon, 130 
Ibens amara (candytuft), 550 
l. sempervirens (candytuft), 555 
Ice: density, 236 
Iceplant (Mesembryanthemum), 550 
impatiens holsti (balsam), 551 
I. walleriana (busy I.izzie), 566 
Idioscopus clypealis (mango hopper), 361 
Imazalil: post-harvest residue, acceptable, 

420 
In vitro cultivation, 199 
Inarching (SEE Grafting, approach) 

Inbreeding depreSSIOn, 163 
Incompatibility 

apple crossing, 169 
causes, 149 

Incomplete flower, 14,54 
Indehiscent fruits, 65 
India: mango variety Malika, 163 
Indian squash (Citru/lus vulgaris L.) 

botany, 521 
climate, 521 
cultural practices, 521-22 
soil, manures, and fertilizers, 521 
varieties, 522 
yield, 522 

Indoleacetic acid (SEE IAA) 
Indolebutyric acid (SEE IBA) 
Indus River, 22 
Information: and farmers, 34 
Infrastructure, 33 
Ingen-Housz, Jan, 84 
Inhibitors, 345 
InjUry 

crown and crotch: reduced by pruning, 
333 

high-temperature, 229 
picking, 403 

Inoculation: tissue culture, 202 
Insect pests 

apple, 364-66, 472 
citrus, 356-59, 450 
crop rotation to control, 314 
mango, 363-64, 455 
miscellaneous, 370-71 
weeds harbour, 327 

Insolation (radiation, solar), 222 
absorption, 225 
maximum, 225 

Integrated pest management (IPM), 34 
Intercropping, 315-16 
Intergeneric crosses, 156, 161 
Interspeclfic crossing, 156 
Intine (endosporium), 59, 117 
IntroductIOns: fruits and vegetables, 25 
Inversions, 153 
Investment: horticultural enterprises, 289, 

290 
IodiDe: role in body, 19 
Ipomoea batatas (SEE Sweet potato) 
l. camea (railway creeper), 562 
l. purpurea (SEE Morning glory) 
Iresine lindeni (bloodleaf plant), 566 



Iris germaniea (bearded iris), 555 
I. pseudaeoIUS (beardless Iris), 555 
I. teetornm (crested iris), 555 
I. xiphioides (English iris), 555 
Iron 

deficiency, 198, 274 
role andlevel in plants, 274 

Irradiation (gamma irradiation), 411-16 
CitruS: changes, 414-15 
dosage: effect of increase, 413 
gas pockets, 414 
mutation induction, 155-56 
shelf life: effect on, 411 
sprouting: effects on, 416 
tolerable doses: WHO, 412 

IrrigatIOn, 288 
alternate middle: advantages, 323 
canals begun by British, 25 
channel system, 318 
citrus: basin and modified-basin sys-

tems, 444 
cntical periods, 325 
economical, 318 
efficiency, 243 
flooding method, 320 
furrow, 320 
orchards, 291, 325 
Pakistan, systems In, 318 
post-planting, 303 
requirements, determination of, 317 
spray, 317 
spnnkler, 322 
timing, 241,323 

Ixora chinensls (ixora), 567 
I slam: and citrus fruits, 23 
Jacaranda mimosifolia (jacaranda), 561 
lackfrUlt: hypogeal germination, 113 
laman (Eugema jambolana) , 36, 560 

bearing habits, 344 
medicinal effects, 21 
pruning, 344 

Jasminum grandiflornm (chambell), 562 
J. humlle (peeli chambeli), 562 
1. officinale (chambeli), 563 
J. sambac (motia), 562 
lassld (Amrasea devastans): pest of okra, 

390 
Jehangir's Tomb, 541 
Jerusalem artichoke (SEE Heilanthus tuber

osus) 
Jewish diet, 23 
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Juglans hindsii Sarg., 38 
J. regia Linn., 38 
Jujube (SEE Ber) 
J uvenility: mango, 177 
Kalam Integrated Development Project, 

491 
Kalanchoe blharensis (air plant), 566 
K. blossfeldiana (flaming Katy), 566 
K. daigremontiana (good-luck plant), 566 
Kashmir: horticultural production, 29 
Kasur District: nursery business, 13 
Kelvin temperature scale 221 
Kerosene: as herbicide, 330 
Khushab district, 11, 34 
Kinetin 133, 345, 349 
Kinins, 345 
Kinnow mandarin (CittuS reticulata Blan-

co), 36 
cross, 156 
drawbacks, 35 
export, 29, 33 
flavour, 406 
growth regulators: effect of, 134 
introduction, 25, 26 
juice concentrate, 332 
matunty dates, 441 
mlcronutrients: effect of, 134 
mould rot controlled by TBZ, 419 
ploidy, 174 
prices, 33 

Kiwi frUit, 23, 35 
Knol-khol (SEE Kohlrabi) 
Kochia (KochlO scoparia), 551 
Kohlrabi (knol-khol) (Brassica caulorapa 

L.), 516 
botany, 516 
climate, 516 
harvesting, 517 
irrigation, 517 
seed rate, transplanting, and spacing, 

517 
soil, manures, and fertilizers, 516 
varieties, 517 
Yield, 517 

Kraft paper, 147 
Krebs cycle, 98 
Kumquat (SEE Fortunel/a) 
Labour, 289 
Lactuea sativa L. (SEE Lettuce) 
Ladybird beetles: bioI. control agent, 357 
Lady's finger (SEE Okra) 
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Lag effect, 225 
Lage1lQria sicerarta Molina (bottle gourd), 

523-24 
Lagerstroemia jlosregi1lQe (gul fanGOS), 561 
L. speciosa (gul fanGOS), 562 
Lamb's quarters (SEE Chenopodium al

bum) 
Lance nematode (Hoplolaimw indicus), 

359 
Land: preliminary operations, 290 
Landscape architecture, 542 
Landscape gardening: subject introduced 

in 1962, 28 
Larkspur (Delphinium grandijlorum), 555 
LaIVacarus transitans (ber mite), 364 
Lathyrus odoratus (sweet pea), 551 
Latitude: effect on temperature, 222 
Lavoisier, Antoine de, 84 
Lawns (Bermuda grass), 543-46 

fertilization, 545 
irrigation, 545 
new: establishment of, 543 
planting, 544 
varieties used, 543 

Laws: needed for plant material, 32 
Layering 

methods, 189-90 
species propagated by, 144 

Leaching: and organic matter, 262 
Leaf 

manure, 264 
radiating surface, 225 
temperature, 220 

Leaf curl: peach and almond, 383 
Leaf rust: peach and almond, 383 
Leaf spot 

grape, 378 
potato, 394 
banana (Sigatoka disease), 380 

Leek (Allium porrum) , 35, 147 
Legume, 62 
Leguminosae (Fabaceae): second most 

important source of food, 111 
Leiah: citrus cultivation, 256 
Lemon (Citrus limonla), 36 

aroma: components, 406 
chemical regreening, 350 
Eureka, Lisbon: irradiation, 416 
irradiation: gas pockets, 414 
radiation dosage: tolerable, 412 
respiratory behaviour, 409 

storage, optimum conditions, 424 
wax emulsions: effects, 418 

Lemon butterfly (Papilio demoleus), 358 
Lepidium virginicum (peppergrass), 328 
Leptosphaeria maculans (=Phoma lingam): 

black leg in cabbage and cauliflow
er, 497 

Lettuce (Lactuca sativa L.), 40 
botany, 507 
climate, 507 
cultural practices, 507 
flowers: emasculation of, 147 
folic acid content, 405 
germination: light requirement, 219 
male sterility, 147 
rooting, 323 

• vitamin C content, 404 
varieties, 507 
yield, 507 

Leucinodes orbo1lQlis (brinjal fruit borer), 
391 

Leveillula taurica: powdery mildew in 
chilies, 395 

Levelling, 291 
Liana: definition, 13 
Light, 247 

germination, 110,219 
house plants, 563 
stomatal responses to, 219 
red and far-red: synergism, 88 
transpiration: effect on, 220 

Lilium spp., 552, 556 
L. candidum (madonna lily), 566 
L. formosum (liIium), 555 
L. philippinense (Iilium), 555 
L. regale (liIium), 555 
Limequat, 439 
Lime (Citrus aurantifolla), 36 

polyploid, 151 
radiation dose: tolerable, 412 
storage: 424, 426 

Limonium bonduellii (statice), 551 
L. latifolla (statice), 555 
Line: in garden design, 540 
Lineria (Lineria marocca1lQ), 550 
Linnaeus, 16 
Linum grandijlorum (Iinum), 550 
Litchi (Litchi chinensis Sonn.), 36, 76 

hypogeal germination, 113 
morphology, 76 
storage conditions: optill1um, 425 



1.1I'ls/ona chinensis (Chinese/common 
palm), 562, 567 

Loam 
clay, 257 
Ideal for microbes and plants, 111 
sandy, 256 
silt, 257 

Lobelia cardinafts (lobelia), 555 
Locality: for orchards and gardens, 286 
Location, 246 
Lomentum, 66 
Long-day plants, 129 
Lonicera japonica (honeysuckle), 562 
Loquat (Eriobotrya japonica Lindi), 31 

bearing habits, 343 
botany, 463 
climate and soil, 463 
Irrigation, 464 
manu ring, 464 
orchard layout, 464 
prop,agation, 463 
prumng, 343, 464 
varieties, 464 

Loss: post-harvest, 402 
Luffa spp.: epigeal germination, 112 
L. acutangula Roxb. ~SEE RIdged gourd) 
L. cylindnca Roem (SEE Sponge gourd) 
Lumen, 216 
Lux, 216 
Lycopersicon esculentum (SEE Tomato) 
Lysimeter, 316 
Lysiphlebus fabarnm: bioI. control of cow

pea aphIds, 389 
M;lcadamia nuts: domestication, 23 
Macrophomina phaseoli 

root rot in okra, 396 
charcoal rot In papaya, 380 

Macrosporium solani (=Altemaria solani)): 
potato blight, 393 

Magnesium, 272 
defIcIency symptoms, 272 
role in plants, 272 
tomato: effect on yield, 137 

Magnolia grandiflora (magnolia), 561 
MaIze (Zea mays), 38 

cndospermic seed, 60 
pollen: and endosperm colour, 12/i 
Praecox var., 38 
Rugosa var., 38 

Major taxa, 16 
Malacosoma mdlcum (tent caterpillar), 

366 
Malakand, 11 
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Malay Peninsula: origin of many mango 
species, 175 

Male sterility 
cytoplasmic, 147 
genetic, 147 
monosomics, 152 

Malpractices, 30, 33 
Malthus: population growth theory, 29 
Malus sylvestris (SEE Apple) 
Mandarins 

storage conditions, optimum, 424 
wax emulsions: effects, 422 

Manganese: deficiency symptoms, 275 
Manganese sulphate: pollen tube growth, 

124 
Mangifera: groups of species, 176 
M. foetida Lour, 451 
M. indica Linn. (SEE Mango) 
M. langar Miq., 451 
M. langifera Griff., 451 
M. odorata Griff., 451 
M. similis, 451 
M. sylvatica Roxb., 451 
Mango (Mangifera indica Linn_), 36, 560 

allopolyploid, 176 
bearing .hablts, 346, 454 
botany, 71, 176.451-52 
breeding, 176 
chilling sensitivity, 425 
diseases, 34, 421, 375-77, 455 
emasculation, 176 
flowering: factors influencing, 117 
fruit, 452 
growth regulators, 346 
harvesting, 127,410-15 
heterozygous, 176 
hypogeal germination, 113 
inflorescence, 134-35, 150, 376 
insect pests, 356-60, 455 
irradiation, 412,416 
irrigation, 453 
malformation, 34, 376, 454 
Malika variety, 164 
manuring, 453 
orchard layout, 453 
Pakistan: area, production, exports, 

440,452 
planting, 293, 303 
pollen viability: test for, 147 
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production, 8,29,440 
propagation, 144,453 
pruning, 343, 454 
respiratory behavIour, 409 
rootstock production, 190, 453 
Sindhri variety: harvesting and ma-

turity, 127 
soil and climate, 452 
storage, 425-26 
vitamin content, 404, 405 
waxing, 418 

Mango bud mite (Acerla mangiferae), 360 
Mango fruit fly (Dacus dorsalis), 360 
Mango hopper 

/dioscopus ciypealis, 361 
Amritodus atkinsoni, 361 

Mango mealybug (Drosicha stebbingi), 359 
Mango Research StatIon, Shujabad, 162 
Mango scale (Phenacaspls cockerel/i), 360 
Mango stem borer (Batocera rufomacu-

lata), 361 
Mansehra area: tea production, 35 
Manuring, 265 
Maranta leuconeura (maranta), 567 
Marcottage, 189 
Mardan: soils, 257 
Marginal placentation, 57 
Marigold 

African (Tagetes erecta), 551 
French (T. patula), 551 

Marine climates, 249 
Market, 300 

committees: vested mterests, 33 
facilities, 289 
gardening, 10, 301 
research, 427 

Marketing, 33 
export, 427 
middleman: undesirable role, 428 
Pakistan: problems, 427 

Marsh grapefruit: origin, 175 
Mass selection 

cabbage, 178 
cauliflower, 178 
procedures, 160 

Matthiola incana (stock), 551 
Maturation: effect of temperature, 128 
Maturity 

chemical rrgulatlOn, 349 
forecastllg date, 409 
relation to ripening, 127 

Mayer, Robert, 84 
Medium: tissue culture, 202 
Mediterranean climate, 249 
Megasporocyte, 118 
Megasporogenesis, 117-18 
Meiosis: in autotetraploidy, 151 
Melia azaderch (bakain), 561 
Meliola mangiferae: sooty mould in mango, 

376 
Meloidgyne incognita (root-knot nema

tode), 391 
Melon aphid, (Aphis gossypii): cucurblts 

pest, 386 
Melon fruit fly (Dacus cucurbitl/e), 387 
Melons 

critical pe nods, 326 
frost limits production, II 

Mendel: laws of mheritance, 23 
Menochilus sexmaculatus: bioI. control 

agent, 357 
peach curl aphid, 367 
pear psylla, 367 
San Jose scale, 365 

Menstem 
culture: to ehmmate viruses, 161 
apical: in embryo development 123 
apical: in floral development, 115 

Mesembryanthemum crystl/llinllm (SEE 

Iceplant) 
Mesocarp (albedo), 61 
Metabolism: crassulacean, 220 
Metaxema, 126 
Mlcroclimate, 246 
Mlcropropagation, 131 
M:cropyle, 112 
Mlcrosporocytes, 117 
Microsporogenesls, 117 
Microthyriel/a rubi: fly speck in apple, 381 
MIddle East: demand for Kmnow man-

darm, 29 
Mlmllsop's hexendra (khimi), 37, 467 
Minerals, 18 

defIciency in diet, 18-19 
sources: good, 19 

Mmor taxa, 16 
Mirabilis jall/pa (four o'clock), 124, 555 
Mite (Cenopl/lplIs plllcher), 366 
Mites: as bIOI. control agents, 357, 359, 

366, 371, 390 
MItochondrIa 

during respiration, 88 



electron-transport system, 87 
structure, 97 

Modified-basin system of irrigation, 320 
Moisture: house plants, 564 
Mole cricket (Gryllotalpa afrieana): potato 

pest, 386 
Molybdenum: deficiency symptoms, 276 
Momordiea charantia L. (SEE Bitter gourd) 
Monilinia fructicola: brown rot in peach 

and almond, 383 
M. laxa (brown rot in peach and almond), 

383 
Monk's hood (Aconitum fischeri), 555 
Monocots (SEE Monocotyledonae) 
Monocotyledonae, 16 
MonoeclOus plants, 14, 54 
Monoploids, 150 
Monosomics, 152 
Monstera deliciosa (cheese plant), 566 
Morning glory (Ipomoea purpurea), 551 
Mormng glory, dwarf (Convulvulus Incol-

or), 551 
Morphology: defimtlOn, 54 
Morus alba (tut, mulberry), 561, 564 
M. nigra Lmn., 37 
Mould: oranges, 410 
Mound layering (stool layering), 190 
Mountainous regions: orchards, 306 
Muck soils, 256 
Mughal rulers, 25 
Mulberry (Morus alba), 130, 560, 561 
Mulching 

benefits and problems, 231, 313 
materials, 231 
purposes, 313 
weed control, 329 

Multiple (composite) fruit, 15,69 
Murraya exotica (kamni), 561 
Murree Hills, 29 
Musa eavendishil (dwarf banana) (SEE 

Banana) 
M. paradisiaca (cooking banana) (SEE 

Banana) 
M. sapientum Linn. (tall banana) (SEE 

Banana) 
\lu,hroom 

.\loma: components, 406 
c.mning,12 
culture, 12 

Muskmelon (CUClltnlS melo L.), 40 
botany, 519 

climate, 519 
harvesting, 520 
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epigeal germination, 112 
respiratory behaviour, 409 
ripening: ethylene-induced, 132 
irrigation, 519 
manures and fertilizers, 519 
soil, 519 
spacing and seed rate, 519 
varieties, 520 
yield, 520 

Muskmelon melon fly (Myiopardalis parda
lina), 370 

Mustard aphid (Rhopalosiphum (Lipaphis) 
eryslml) , 392 

Mustard sawfly (Athalia lugens proxima), 
391 

MutatIOn 
CItrus, 174 
generated by culture system, 165 
induced, 155-56 

Muzaffargarh: CItruS cultivation, 256 
Myeosphaerella cUri: citrus greasy spot, 

373 
M. musicola (leaf spot in banana), 380 
Myiopardalis pardalina (muskmelon melon 

fly), 370 
Myosotis scorpioides (forget-me-not), 554 
Myzus persicae (green peach aphid), 367 
NAA (Naphthalene acetic acid), 130 

citrus fruit drop control, 449 
fruit growth maintenance, 149 
fruit thinning, 347 
mango fruit drop, effect on, 135 
pre-harvest drop, 131, 349 
root initiation, 130 

Naphthalene acetamide (Amide-Thin): 
for fruit thinning, 345 

Naphthalene acetic acid (SEE NAA) 
Narcissus, 556 
Nasnarn (Citrus aurantifolia) (SEE Lime) 
Nasturtium (Tropaeolum majus), 550 
National CommIssIon on Agriculture, 402 
Nectarine (Prunus persica var. neetarina), 

radiation dose, tolerable, 413 
Nematodes, 34 
Nemesia (Neme,w strumosa), 550 
Neolithic penod, 22 
Nerillm odorum (kaner), 562 
Neuter flower, 54 
New wnrld: horticultural crops of, 24 
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Nezara viridu/a (green stink bug), 386 
Nicotinic acid, 18 
Nile, 22,23 
Nitrogen 

availability, 243 
cycle, 269 
deficiency symptoms, 269 
fixation, 268 
increased by cover crops, 314 
metabolism: role of potassium, 271 
role in plants, 269 

Non--climacteric fruits: species, 408 
Non-tillage, 31'2,314 
Northern Areas: rainfall, 246 
Notching, 338 
Nucellar seedlings, 173,186 
Nucellus, 147 
Nucleus 

definitive, 56 
endospermic, 56 
tube, 117 

Nullisomics, 153 
Number 70 potato variety, 27 
Nurseries 

business, 12 
laws, 32 
reliable: importance of, 186, 301 
sowing in, 188 
plants, 302 

Nut, 65 
Nutrients 

deficiencies, 326 
requirements: determination of, 

267-68 
Nyctanthes arbortristiS (haar-singhar), 562 
NWFP: southern districts, 248' 
Oceans: effect on temperature, 226 
Ocimum basilicum (niazboo): corolla form, 

55 
Offsets, 209 
Oidium mangiferae: powdery mildew in 

mango, 377 
Oil palms: domestication, 23 
Okara District, 11 
Okra (Hibiscus esculentus, Abelmoschus es-

culentus L. Moench), 39, 77 
botany, 77,529 
climate, 530 
diseases, 396 
freezing of, 12 
growth, 110 

harvesting, 530 
insect pests, 389-90 
irrigation, 530 
manures and fertilizers, 530 
propagation, 205 
seed rate and planting, 530 
soil, 530 
yields: by variety and region, 530-31 

Olta europaea Linn. (SEE Olive) 
Oleic acid: respiratory quotient, 91 
Olericulture, 10 
Olive (Olea europaea Linn.), 35,37 

bearing habits, 344 
flower buds, 116 
growth regulators, 346 
IBA and NAA: use of, 130 
pruning, 344 

Onion (Allium cepa L.), 38,78 
area planted to, 28 
botany, 78,500 
climate, 500 
copper deficiency, 275 
critical periods, 325 
dehydrating, 12 
dormancy: chemical prolongation, 

348 
fertilizer requirements, 500 
harvesting, 502 
hybrid, 164 
insect pests, 388 
irradiation, 412,413,416 
irrigation, 502 
male sterility, 147 
senescence: partial, 128 
photoperiodicity, 218. 
planting time, 502 
propagation, 204 
seed rate and spacing, 137, 501 
soil, 500 
Swat, 11 
vitamin C content, 404 
varieties, 501 
yield, 501, 502 

Onion thrips (Thrips tabaci), 388 
Ontogeny: definition, 53· 
Oosphere (SEE Ovum) 
Ophideres spp. (fruit-piercing moths), 358 
Opius longicaudatus: bioI. control of fruit 

flies, 369 
Orange (Citrus aurantium Lino.), 36 

: aroma: components, 406 
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California Navel: irradiation, 416 
chemical regreening, 350 
Florida Navel: irradiation, 416 
irradiation, 414-16 
morphology, 73 
pollen parent: effect on colour and 

flavour, 126 
post-harvest spoilage, 410 
pre-harvest fruit drop: control, 131 
radiation dose: tolerable, 413 
Shamouti: origin, 175 
sugar content (Juice), 404 
Temple: irradiation, 416 
Valencia: storage, 424 
Washington Navel, 145,175 
wax emulsions: effects, 418 

Orangelo, 175 
Orcharding: characteristics, 6-7 
Orchards (SEE ALSO Fruit trees) 

irrigation, 325 
layout systems, 291, 297 
manuring, 265 
Pakistan: regions, 305 
planning, 285,305-6 
size of holdings, 29 
types, 300 

Orders: botanical, 16 
Organic acid 

respiratory quotient, 91 
ripening, level declines during, 61 

Organic farming, 10 
Organic matter 

chemical analysis, 264 
soil moisture: relation to, 257 

Organoleptic properties: effect of gamma 
irradiation, 415 

Origin of crop species, 23, 158 
Ornamentals: pruning, 341,339 
Orthophenyl phenol esters, 418 
Orthotropous ovule, 56 
Oryctes rhinoceros (rhinoceros beetle), 361 
Ovary, 55 
Ovule: types, 56 
Ovum (oosphere), 56,118 
Oxalis: cieistogamous, 56 
Oxygen: and respiration, lOO, 110 
Ozone 

effect on plants, 244 
layer: effect of fluorides, 244 

P700, 85 
Pacific rim countries: demand for Kinnow 
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mandarin, 29 
Packaging 

export market, 422 
fraudulent (seeds), 31 
good: benefits of, 422 
lining materials: effects of, 423 
materials and containers, 422 
techniques, 423 
tropical regions, 423 

Paclobutrazal, 134 
Painted bug (Bagrada cruciferarnm): pota

to pest, 386 
Painted daisy 

Chrysanthemum carinatum, 550 
Pyrethrum roseum, 555 

Pakistan 
acclimatized species, 159 
climate, 223, 224, 247, 249, 
fertilizers, 277, 300 
fruit industry, decline, 301 
growers: knowledge about pests! 

diseases, 331 
horticultural production labour-in

tensive, 289 
irrigation, 288,318,325 
National Commission on Agriculture, 

402 
orchards, 294, 313, 315 
organic manures, 263, 266, 299 
planting. seasons, 302 
post-harvest conservation, 401 
soils, 256, 258, 265 
tissue culture, 203 

Paleolithic age, 22 
Palms: list of species, 562 
Paninychus ulmi (red spider mite), 371 
Pansy (Viola tricolor), 550 
Papaver nudicale (Iceland poppy), 555 
P. orientale (oriental poppy), 555 
P. rhoeas (SEE Poppy) 
Papaya (Carica papaya), 37 

botany, 466 
culture, 467 
diseases, 380-81 
irradiation, 412,413 
irrigation, 467 
production, 29 
respiratory behaviour, 409 
storage conditionf' optimum, 425 
vitamin C content, 4048 

Papeda, 438 



620 HORTICULTURE 

Pap,lio demoleus (lemon butterfly), 358 
Paplhonaceae: corolla form, 55 
Paraquat, 330 
Parasites: as bioI. control agents, 362, 365, 

366,369,386,387,388,389,392 
Paratetranychus can (CitruS mite), 359 
Parietal placentallon, 59 
Parlatona blanchardll (date palm scale), 

361 
Parthenocarpy, 122, 148 
Parts per mllhon (ppm) solution, 350 
Passlflora edulis S,ms (passIon frUIt), 37 

respiratory behavIour, 409 
storage: optimum condlllons, 425 

Pastes, chemical: formulas, 350 
Pasteunzatlon, 412 
Pattoki: nursery business, 13 
Pea (PIsum sativlIm L., var Arvcnse),39 

botany, 56. 113, 525 
chmate, 525 
cntical pe nods, 325-26 
diseases, 395-96 
germmatlon: effect of CCC and lAA, 

135 
harvesting, 526 
Inbreeding depressIon, 163 
Insect pests, 389 
IrrigatIOn, 526 
manures and fertlhzers, 526 
molybdenum defIciency, 276 
phosphorus, 270 
Samarina Zard hybnd, 162 
seed rate and spacing, 526 
sot!, 525 
varietIes, 526 
Yield, 526 

Peach (Prunus paslca, aaru), 37,73,561 
bearmg habits, 342 
botany, 73, 476 
chilling requirement, 477 
diseases, 383-85, 478 
ferlllizatlon, 478 
insect pests, 366-68 
irrigation, 478 
Pakistan: area and production, 476, 

483 
potassium, 271 
propagation and rootstock, 477 
pruning, 342, 478 
radIation dose: tolerable, 413 
respiratory behaVIour, 409 

sot!, 477 
sugar content, 404 
vane ties, 477 

Peach curl aphid (Anuraphis helichrysis), 
367 

Peach scab (Cladosporium carpophilum), 
384 

Peanut (SEE Groundnut) 
Pear (Pyrus communis Linn., nashpati), 

37,561 
bearing habIts, 342 
botany, 74, 472 
climate and soil, 472 
dIseases, 382 
fertilizer and manuring, 473 
growth regulators, 346-47 
insect pests, 366-68 
orchard layout, 473 
Pakl~tan. area and producllon, 483 
pre-harvest fruit drop, 131 
pruning, 341-42,474 
radiation dose: tolerable, 413 
respIratory behaviour, 409 
rootstock and propagatIOn, 190,473 
sugar content, 404 

Pear psylla (Cacopsyl/a bidens), 367 
Peat sOIls, 257 
Pecan (Carya dlmoemls), 35, 38 

bearing habit, 343 
pruning, 34 

Pectic substances: dunng ripening, 408 
P"ctm 

breakdown, 61 
found In citrus peel, 19 

Pegs: in transplanting, 303 
Pelargonium grandiflorum (geranium), 566 
Pendulous placentation, 59 
Penicdlium dlgitatum 

controlled by TBZ, 419 
green mould in citrus, 373, 419 
radiation resistance, 414 

P. aalicum 
blue mould in citrus, 374 
radiation resistance, 414 

Penicililum rot: reduced by flJngicldcs in 
wax emulsion, 417 

Pentalonia nigronen:osa: and banana 
bunchy-top ViruS, 379 

Peperomia obtuslfolia (peperomia), 567 
Pe po, 68 
Peppergrass (Lepidlum virgimcum) , 32S 

f 



Pepper (Capsllum SPP,) (SEE Chill) 
Perennial plants, 14 

flowc;'s: species list, 554-55 
herhaccous, 11.\ 210 
m,untcnance and care, 553 
,election cntcn.l, 5~:?-5:> 

woody, 115 
Perfect flowcr, 14 
Perianth, 54 

Penc.lrp, Ii I 
Periderm, 124 
PCrlwmklc (J 'i/l('a mmor), 554 
{'<'ronospma part/VII/ca: downy mildew, 

cahbage/cauhflower, 396 
{'<'nea afllencana MIll (SfI' Avocado) 
Persia: Impact on gardening, 24-2<; 
Persimmon (f)/Ospvros kakl), 38,75,561 

bearing hahlt, 343 
botany, 75, 480 
fertlhzers, 481 
Irllgatlon, 4R I 
Pakistan: cultivation, 480 
propagation and rootstock, 480 
pruning, 343, 4R I 
Icsplratory nchayiour, 409 
,oil and chmate, 480 
'tolage conditions: opllmum, 425 

Pcshawar' soils, 2')7 
Pests (SEE Insect pests) 
Pctals (SEE Corolla) 
{'etroselinum cnspum, 39 
Petunia (Petuma hybnda), 165, 550 
pH: soli, 260 
Pha/ans nI/nor (dumbi sltli), 328 
Phaseo/us coccmeus (scarlet runner bean), 

39 
p, limensls (hma bean), 39 
p, /ullatus (nutter bean), 39 
I' I'll/gans (kidney bean), 398 
Phenacaspis cockere/lr mango scale, 360 
Phenohces, 200 
Phenyl mercuric acetate (PMA), 330 
PhilOliendron me/anochryson (philoden-

dron), 566 
P se/loum (lacy tree), 566 
Ph/ox dmmmondi (phlox), 550, 556 
PJlOellLf cananenSIS, 458 
p, dactylifera (SEE Date palm) 
p, hurmlis, 558 
p, sl'/ve,'lns, 458 
Phomopsis ciln: radiatIOn reSIstance, 414 
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p, vitico/a: leaf spot 111 grapes, 378 
Phosphofructokinase: 111 phosphorylalion, 

93 
Phosphoglucoisomerase: m phospho'ry

lallon, 93 
Phosphoglycerate kll1asc: 111 phosphory

lation, 93 
Phosphoglyceromutase: in phosphoryla

tion, 93 
Phosphorus 

conversion to available forms, 270 
chJlles: effect on yield, 137 
defiCiency symp~oms, 271 
role 111 plants, 19,270 

Phosphorylation, 93 
Photomorphogenesls, 216 
Photoperiodism, 129-30,216 
Photophosphorylation, 88 
PhotosynthesIs 

reaction, 88 
role of potassium, 271 

Photosynthetic carbon rcducllon cycle 
(SEE Calvm cycle) 

Photosynthcllcally active radiation (PAR), 
215 

Photosystems I and 11, S5-RIi 
Phototropism: reasons for, 219 
Phthonmaea operw/e/la (potato tuber 

moth), 385 
Phy/lallthus emb/ica Lmn" 3 7 
Phy/locllistis citre/la (CitruS leaf miner), 

358 
Phy/losticta ampe/iclda: black rot in grape, 

377 
Phylogeny: definition, 53 
Physalis pruinosa, 39 
Phytochrome, 216 
Phytol chain: in chloror ,11, 89 
Phytophthora cactorufll 

apple root rot, 38 
peach and almon· "m rot, 385 

p, citrophthora: cltrll'~, "t rot, 372 
P infestatalls: in potal" hrecdmg, 178 
p, parasitlca: CitruS fvut rot, 372 
PI ens brasslcae (cabba['e t>dtterfly), 392 
Pigment: definition, 89 
Pi/ea cadierel (alummum plant), 567 
p, mlctophylla (artillery plant), 567 
Pinching, 338 
Pmeapple (Anallas comasa Linn,), 37, 566 

acid level, 62 
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Cayenne variety: developed by clonal 

propagation, 145 
flower initiation, 117, 132 

parthenocarpy, 148 

potassium, 271 
propagation, 144 
respiratory behaviour, 413 

ripening: Ethephon-induced, 132 

storage conditions: optimum, 425 

sugar content, 404 

Pink disease in citrus, 374 

Pink (maiden) (Dianthus deltoides), 554 

Pinus helepensis (chee/), 560 
P. roxburghii (cheel), 560 
Pioneer Seeds, 31 
Pistachio, 35,38 
Pistachia chinensis Bunge (SEE Pistachio) 

P. integerrima (kangar), 560 
P. vera Linn. (SEE Pistachio) 

Pistil, 55 
Pistillate flower, 54 
Pisum satlvum L. var. Arvense (SEE Pea) 

Pits 
for fruit trees, 299 
for manure, 266 

Placenta, 56 
Placentation types, 56-59 

Plaesius javanus: bioI. control of banana 

weevil, 363 
Plains-subtropical region: orchard plan

ning, 307 
Planococcus citri (citrus/grape mealybug), 

357 
Planofix: effect on Kinnow mandarin and 

mango, 134-35 

Plant breeding: science of, 143 

Plant growth regulators (SEE Growth, 

regulators) 
Plant tissue culture (SEE Tissue culture) 

Planting 
board, 303 
distance, 292, 295 
season: mango, 302, 303 

time: vegetables, 295 

Plants 
identification and description, 17 

nursery, 302 
per hectare: calculation, 36, 293 

tender, 15,31,227 

true-to-name, 301 

Plasmid, 166 

Plasmodiophora brassicae: club rot in cab

bage/cauliflower, 396 

Plasmopara viticola: downy mildew in 

grape, 378 

Plastic tunnels, 12, 232-33, 235, 288 

Plastids, 403 
Plastocyanin: in electron-transport system, 

87 
Platanus orientalis (chinar), 560 

Plectranthus coleoides (candle plant), S66 

Plough sole, 312 
Ploughing, 290,312 
Plum (Prunus domestica Linn.) (European 

plum); (P. sa/icina) (Japanese 

plum), 36, 37, 474· 
autotetraploid, 152 

bearing habits, 342 
boron deficiency, 276 

botany, 474 
climate and soil, 474 

fertilizers, 475 
irrigation, 475 
orchard layout, 475· 
Pakistan: area and production, 484 

pruning, 342,476 
respiratory behaviour, 409 

rootstocks and propagation, 131, 475, 

storage conditions: optimum, 425 

tissue culture, 131 
varieties, 474 

Plum/pear/apricot/olive scale (Parlatoria 

oleae), 367 
Plumeria obtusa (frangipani), 561 

Plumuie, 111, 113 
Plutella xylostella [= P. maculipennis] 

(diamondback moth), 392 

Poa spp.: parthenocarpy 148 

P. annua (Poa grass), 328 

Podosphaera leucotricha: powdery mildew 

in apple, 381 
Poinciana spp., 559 
P. pulcherrima (Barbados pride), 561 

P. regia (gul mohar), 561 
Poinsettia pulchenima (poinsettia), 562 

Pollen • 

sterility in autotetraploids, 152 

viability: tests for, 147 

Pollen-grain mother cells, 117 

Pollination, 55 
apple flowers, 169 
funct~ons in fruit development, 124 



hand, 146 
Insect-pollinated plants, 118 
wind-pollinated plants, 118 

Pollution: air, 21, 232, 243 
Polyembryony, 186 

citrus, 174 
defined, 148 

Polyploidy, 151, 174 
Pome, 15,68 
Pomegranate (Punica granatum) (anar), 

38,75,562,567 
bearing habits, 343 
diseases, 385 
insect pests, 370 
morphology, 75 
pruning, 343 
stem cuttings, 144 
storage conditions: optimum, 425 
IBA and NAA: use of, 130 

Pomelo (=pummelo) (SEE Citrus grandis) 
Poncirus trifoliata. 344, 438 

crossed with Citrus, 156 
nematode resistant, 359 
seed harvesting. 173 

Pongamia glabra (sukh chaen), 561 
Poplar (SEE ALSO Populus spp.), 564 
Poppy 

Iceland (Papaver nudicale), 555 
oriental (P. orientale), 555 
var. Shirley (P. rhoeas), 550 

Populus euamericana (poplar). 561 
P. nigra (poplar). 561 
Porana paniculata (porana), 562 
Portulaca grandiflora (Portuiaca, moss 

rose), 551 
P. oIeracea L (SEE Purslane) 
Potassium 

available forms, 271 
chilies: effect on yield, 137 
deficiency symptoms, 271 
functions in plants, 271 
tomato: effect on yield, 137 

Potassium cyanate (KOCN), 330 
Potato (Solanum tuberosum L), 39,77 

area planted to, 28 
aroma: components, 406 
autumn crop (plains), 207 
botany, 77, 490 
breeding, 164,171-78 
climate, 490 
critical periods, 325 
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cultural practices, 491 
curing, 411 
diseases, 392-94 
dormancy, 136,348 
fertilizer requirements, 490 
insect pests, 385-86 
irradiation, 412,413,416 
magnesium deficiency, 272-73 
Number 70 Var., 27 
nutritional value, 18, 30, 404, 405 
phosphorus: role of, 270 
photoperiodicity, 218 
potassium, 271-72 
propagation and seed, 31, 207 
root system, 490 
senescence, 128 
soil, 490 
spring crop (plains), 207 
sub-mountainous crop, 207 
varieties, 27,491 
waxing: effect of, 417 
yield: cultivars and regions, 491-92 

Potato Research Station, Abbottabad: 
tissue culture work, 203 

Potato tuber moth (Phthorimaea operculel-
la), 385 

Potowar Plateau: suitable for almonds, 35 
Potted plants: height control, 134 
Potting mixture, 188 
Powdery mildew 

apple, 381 
chilies, 395 
cucurbits, 394 
grape, 377 
mango, 377, 455 
peach and almond, 384 
peas, 395 

Precambium, 122 
Precipitation: effective, 246 
Pre:"'harvest drop, 347-48 
Prickly poppy (Argemone maicana): killed 

witl! 2,4-D, 131 
Priestley, Joseph, 84 
Primrose (Primula polyantha), 555 
Primula spp.: placentation, 59 
P. polyantha (primrose), 555 
Processing industry, 12,33,301 
Producers (SEE Growers, Farmers) 
Production: fruits and vegetables, 17, 

29-30 
Progeny gardens, 302, 117 
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Propagation: vegetative, 188 
dIsadvantages, 189 
factors influencing success in, 298 
plant parts used for, 144 

Proplastids, 88 
Prospaltella pemiciosus: control of San Jose 

scale, 365 
Protandrous flowers: emasculation. 147 
Protein, 18 

crops rich in, 18 
synthesis, 271, 273 

Protoderm, 122 
Protogynous flower, 145 
Protopectin breakdown, 61 
Protoplasm: saturation necessary, 110 
Pro-embryo, 60 
Pruning, 331-37 

chemIcal, 339 
envIronmental factors, 332 
fine and coarse, 337 
fruit trees: amount, 342 
heading back, 337 
kinds, 335 
objectives, 333 
root, 332, 337, 339 
thinning out, 337 
at transplanting, 302 

Prunus amerieana (American plum) (SEE 

Plum) 
P. amygdalus Stockes (SEE Almond) 
P. armeniaea Linn. (SEE Apricot) 
P. avium Linn. (SEE Cherry, sweet) 
P. eerasus Linn. (SEE Cherry, sour) 
P. domestiea Linn. (Europdh plum) (SEE 

Plum) 
P. dulcis (SEE Almond) 
P. persiea (SEE Peach) 
P. persiea var. neetarina (SEE Nectarine) 
P. salicina (Japanese plum) (SEE Plum) 
Pseudococcus filamentosus (citrus 

mealybug), 357 
Pseudogamy, 148 
Pseudomonas solanacearum: brown rot in 

potato, 232, 392 
Pseudoperonospora eubensis: downy mildew 

in potato/cucurbits, 394 
Pseudostem: banana, 382, 461 
Psidium araca 456 
P. cattleianum (&'trawberry guava), 456 
P. guajava Linn. (SEE Ouava) 
P. guineense (Brazilian guava), 456 

Psychrometer, 239 
Pterochlorus persiea (black peach aphid), 

366 
Pterospennum aeerifolium (kanak ehampa), 

560 
Pulses: folic acid content, 405 
Pummelo (sometimes pomelo) (SEE Citrus 

grandis) (SEE ALSO GrapefruIt 
(Citrus paradisi) 

Pumpkin (Cueurbita mosehata Poir) 
(squash) 

botany, 524 
climate, 524 
harvesting, 525 
irrigation, 525 
manures and fertIlIzers, 525 
parthenocarpy, 148 
seed rate and sowing, 525 
soil, 524 
varieties, 525 
yield, 525 

Puniea granatum (SEE Pomegranate) 
Punjab: In steppe zone, 248 
Punjab Agriculture College and Research 

Institute Lyallpur, 25 
Pure-line selection: method, 160 
Purslane (portulaca oleraeea L.) 

botany, 507 
climate, 508 
cultural practices, 508 
yield, 508 

Putranjiva roxburghii (putanjan), 561 
Pyrethrum roseum (painted daisy), 555 
Pyrus baccata Linn. (SEE Crab apple) 
P. communis Linn. (SEE Pear) 
P. malus Linn. (SEE Apple) 
Pyruvate 

dehydrogenase complex: in TCA 
cycle, 98 

in respiration, 90 
kinase: in phosphorylation, 93 

Pythium aphanidennatum: damping-off in 
papaya, 380 

Quadraspidiotus pemiciosus (San Jose 
scale), 365 

Quetta borer (Aeolesthes sarta), 370 
Quettania coeruleipennis (cherry tip borer), 

369 
Quincunx layout system, 297 
Quisqualis indica (Rangoon creepc.r), 562 
Radiation (SEE ALSO Irradiation) 



dosage: effect of increase, 413 
solar (SEE Insolation) 
mutation induction, 155 
UV,22 

Radicle, 111 
Radish (Raphanus satiYus), 39 

aroma: components, 406 
botany, 55, 494 
climate, 495 
critical periods, 32~ 

flower-bud initiatIon, 131 
harvesting, 496 
hybrid, 164 
insect pests, 391-92 
irrigation, 495 
manures and fertilizers, .495 
root system, 323 
seed rate and spacing, 495 
soil, 495 
sowing time, 495 
varieties, 495 
wild: killed with 2,4-0, 131 
yield, 496 

Rafflesia, 54 
Rain: acid, 245 
Ramphal (Annona reticulata Linn.), 37, 

465 
Ranunculus, 552, 556 
Ranunculus acris (buttercup), 550, 555 
Raphanus satiyus (SEE Raclish) 
Raspberry (Rubus longanobaccus) 

aroma components, 406 
radiation dose, tolerable, 413 

Ratoons, 462 
Recombinant DNA techniques, 166 
Rectangular layout system, 297 
Red palm weevil (Rhynchophorus feTTU

gineus), 361 
Red pumpkin beetle 

Aulacophora africana, 387 
A. foveicollis, 387 

Red spider mite 
Panonychus ulmi, 371 
Tetranychus telarius, 370 

Red vegetable mite (Tetranychus telarius): 
cucurbits pest, 388 

Reductive pentose cycle (SEE Calvin cycle) 
Refrigeration, 424 
Regma, 65 
Relative humidity, 237, 240 
Reproduction: mode of, 144 
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Reproductive primordia, 132 
Resistance: to fungicides, 419 
Respiration 

climacteric, increases at, 128 
definition, 110 
efficiency: factors determining, 100 
gamma irradiation, 415 
post-harvest, 403, 405, 407 
storage life: indicator of potential, 

406 
Rest period: deciduous fruits, 136 
Restriction endonucleases, 166 
Retardants, 345 
Returns, economic: citrus in Pakistan, 32 
Rhapis sabal (sabal palm), 562 
Rheum rhaponticum (SEE Rhubarb) 
Rhinoceros beetle (Oryctes rhinoceros), 

361 
Rhlpiphorothrips cruentatus (grapevine 

thrips), 362 
Rhizobium, 26&-69, 276 
Rhizoctonia bataticola: citrus root rot, 372 
R. solani 

citrus root rot, 372 
mango root rot, 376 

Rhizomes, 144,556 
Rhizopus arrhizus: ripe rot in apple, 381 
R. oryzae: fruit rot in papaya, 381 
Rhopalosiphum (Lipaphis) erysimi 

(mustard aphid), 392 
Rhubarb (Rheum rhaponticum), 38 
Rhynchophorus feTTUgineus (red palm wee-

vil), 361 
Rhythm: in design, 541 
Ribes hirtellum Micht, 38 
Riboflavin (vitamin 82), i8, 62 
Ribulose bisphosphate carboxylase: in 

carbon metabolism, 100 
Rice: placentation, 59 
Riciness (granulation), 449 
Ridged gourd (Luffa acutangula Roxb.), 

40 
botany, 523 
climate, 523 
irrigation, 523 
planting time, 523 
seed rate and sowing, 523 
soil, manure, and fertilizers, 523 
yield, 523 

Ringing, 338 
Ripening, 405 
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ethylene: mode of action of, 128 
fruit: changes in, 406, 408 
maturity: relation to, 127 
senescence: initiation of, 127 

Roads: trees suitable for, 559 
Robinia pseudoacacia (black locust), 561 
Rock gardening, 542 
Roman Empire: introduced crops into 

Europe, 23, 24 
Root 

cuttings: use in Pakistan, 191 
depth: and irrigation, 323 
initiation with IBA and NAA, 130 
pruning,. 32: 337, 339 
ratio to top, 332 

Root rot 
apple, 382 
citrus, 372 
intercropping and, 316 
okra, 396 
mango, 376 
peach and almond, 385 

Root-knot nematode (Meloidgyne incogni
ta): pest of brinjal, 391 

Rootstock 
apple, 344 
cambium, 192 
citrus, 172 
desirable characteristics, 30t 
fruit trees: limited in number, 34 
importance of, 301 
influence on scion variety, 189 

Rosaceae, 54 
Rose 

breeding, 180 
classification and types, 557-58 
planting, 557 
pruning, 341,558 
soils, 557 

Rosellinia fU/Catrix 
apple: white root rot, 383 
peach and almond root rot, 385 

Rotation, 314-15,386,393,396,397 
Roughage, 18 
Roundworms: TBZ recommended, 420 
Royal Horticulture Society, 26 
Ruystonea regia ( royal palm), 562 
Rubber: domestication, 23 
Rubus losaMbcrccus (SEE Raspberry) 
RutMx acUlus (jangU j1aIak), .328 
Ruscus hyposlo.uum (ruscus), 567 

Saffron tulip, 115 
Saline soils, 260 
Sala babylonica (weeping willow), 561 
S. tetraspermo (willow, laila), 561 
Salmelia malabarica (simbal), 560 
Salpiglossis (Salpiglossis sinuata), 551 
Salvia splendens (scarlet sage), 551,552 
S. azurea (salvia), 555 
Samara, 65 
Sanchezia nobilis (Sanchezia), 566 
San Jose scale (Quadraspidiotus pemicio-

sus), 365 
Sandy soils: crops suited to, 256 
Sansevieria tri/asciata (sansevieria), 567· 
Satsuma mandarin (Citrus reticulata): 

respiratory behaviour, 409 
Scabiosa columbaria (scabiosa), 555 
Scald: reduced by waxing, 41'7 
Schefflera arboricola (umbrella tree), 566 
Scindapsus aureus (pothos), 566 
Schinus moliey, 561 
S. terebinthifolia, 559 
Schizanthus (Schizanthus wisetonensis). 551 
Schizocarpic fruit. 65 
Schizothyrium pomi: sooty blotch in apple. 

381 
Scilla: planting time. 556 
Scindapsus aureus (pothos). 566 
Scion, 192 

desirable characters, 172 
selectibn, 301 
wood: selection and care, 192 

Scolytus amygdDli (almond bark beetle). 
368 

Screen: plants suitable for, 549 
Scymnus spp.: bioI. control of cloudy

winged whitefly, 357 
Season: effect on temperature, 223 
Seed 

collection, 187 
endospermic, 60 
formation, 60 
functions, 111 
gardens, 187 
harvesting: citrus, 173 
industry, 31 
pre-germination treatment, 188 
production, 12, 186 
propagation by, 186-87 
rate: vegetables, 295 
sowing, 187, Z08 



storage, 187 
viability tests, 173 

Self-pollination (autogamy), 118, 120 
advantages and disadvantages, 121 
breeding self-poll. crops, 160 
species, 55, 145 

Self-sterile plants: crop species, 146 
Selfing: and inbreeding depression, 163 
Semiarid regions: orchard planning, 307 
Senebier, Jean, 84 
Senecio crnentus (cineraria), 550 
S. macroglossus (Cape ivy), 566 
Senescence 

amino acid level, 62 
causes: hypotheses about, 129 
complete, 128 
delayed by cytokinins, 133 
partial, 128 

Seolia procer. bioI. control of rhinoceros 
beetie, 362 

Sepals (SEE Calyx) 
Seponaria: placentation, 59 
Serpentine layering, 190 
Severe-winter climates, 249 
Sewage manure, 263 
Sewer lines: tree roots, 560 
Sex 

expression: chemical regulation, 349 
flowers: altered with Ethephon, 132 

Shaddock (SEE Citrus grandis) 
Shade houses, 235 
Shalimar Garden, 25 
Shamouti orange: origin, 175 
Shellac: for waxing, 417 
Shelter belt, 304 
'Shepherd's purse (Capsel/a bursapastoris), 

328 
- Shisham (SEE Dalbergia sissoo) 

Shoot development: stimulated by cyto-
kinins, 133 

Short-day plants, 129 
Shot hole: peach and almond, 384 
Shrubs, 13 

propagation, 210 
species: list, 562 

SilH:rossing: and inbreeding depression, 
163 

Side grafting, 198 
Silene (1IIk/Q): placentation, 59 
Silique, 62 
IiIty soils, 257 
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Silver maple, 560 
Simple fruit, 62 
Sindh 

arid zone, 248 
banana cultivation: history, 136 
lower, 11 

Sinoxylon anale (grapevine beetle), 363 
Sisymbrium irio (khub kalan), 328 
Site: orchards and gardens, 246, 286 
Sleet formation, 239 
Slope 

direction: effect on temperature, 226 
fruit trees, 286 

Sludge water, 263 
Slurries, 263 
Smog, 245 
Smudging, 232 
Sod: for fruit trees, 312 
Sodic soils, 260 
Sodium dinitro-orthocresylate (Elgetol): 

fruit thinning, 347 
Sodium orthophenyl phenate (SOPP): 

post-harvest dip for citrus, 418, 
420 

Soft fruits, 15 
Soil 

chemical properties, 262 
components, 256 
conduction, 232 
enrichment, 291 
reaction (SEE ALSO pH), 258, 260 
saline, 260 
sandy, 256 
silly, 257 
sodic, 260 
solution, 258 
structure: and organic matter, 262 
warming rate, 226-27 
water-holding capacity, 226 
waterlogged, 21 

Solanaceous fruits, 15 
SoItmum demissum: blight resistance, 178 
S. melongena 1.. (SEE Brinjal) 
S. nigrum (makku/mako), 55, 328 
S. tuberosu", 1.. (SEE Potato) 
Solidago canadensis (goldenrod), 555 
Solution 

parts per million (ppm), 350 
percentage basis, 350 
spray: preparation formulas, 350 

Somaclonal variants, 165 
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Sooty blotch: apple, 381 
Sooty mould 

citrus, 372 
mango, 376 

SOpp (SEE Sodium orthophenyl phenate) 
Sorghum halepense (barn grass), 328 
Sorosis, 70 
Soursop (SEE Annona muricata) 
Sowing, 188 
Soybean (Glycine max), 39,60 
Spacing 

double, 293 
fruit trees, 292 
optimum: for maximum yield, 294 

Spathiphyllum blandum (peace lily), 566 
Special berry, 68 
Species, 16, 100 
~pecific heat, 220 
Srhaerotheca pannosa: powdery mildew in 

peach and almond, 384 
Sphenoptera iD/ertii (bupreshd borer), 368 
Spiders: as bioI. control agents, 357 
Spinach (Spinacia oleracea L.), 38 

botany, 504 
climate, 504 
flowering: induced, 130 
folic acid content, 19, 405 
freezing, 12 
harvesting, 505 
irrigation, 505 
pollination, 146 
propagation, 206 
soil, 504 
spacing and seed rate, 505 
varieties, 505 
vitamin A content, 405 
yield, 505 

Spinacia oleracea L. (SEE Spinach) 
Splalangia grotuisi: bioI. control of fruit 

flies, 369 
Splice-grafting, 196 
Spodoptera litura (tobacco caterpillar), 

388 
Spoilage, post-harvest: causal factors; 403 
Sponge gourd (Luffa cylindrica Roem) 

botany, 523 
climate, 523 
irrigation, 523 
planting, 523 
soil, manure, and fertilizers, 523 
yield, 523 

Sport: definition, 17 
Spotted bollworm: pest of okra 

Earias insuiDna, 390 
E. vitella, 390 

Spotted spider mite (Tetraynchus urticae), 
371 

Spray 
penetration, 332 
irrigation: heat-loss reduction, 232 

Sprinkler irrigation, 322 
Spurious fruit, 60 
Square layout system, 297 
Squash, Indian (Citrullus vulgaris L.) (SEE 

Indian squash) 
Squashes: critical periods, 326 
Squirrel-tail grass (Hordeumjubatum), 

328 
Stamens: structure, 55 
Staminate flower, 54 
Staminode flower, 54 
Starch 

changes during ripening, 406 
forms stored as, 91 
metabolism, 92 
respiratory substrate, 91 

Statice (Limonium bonduellii), 551 ,555 
SteliDria media (chickweed), 59, 328 
Stem cuttings 

hard and soft wood, 191 
species used for, 144 

Stem rot: papaya, 380 
Stephanitis pyrioides (apple lacebug), 364 
Steppe, 248 
Sterculia, 559 
Sterility 

vitamin E deficiency, 18 
apple crossing, 169 
asexual reproduction, 144 
hybrids, 161 

Sterilization: in tissue culture, 201 
Sthenias grisator (grapevine girdler), 363 
Stigma, 55 
Stigmina carpophiiD: shot hole in stone 

fruits, 384 
Stock (Matthiolo incana), 551 
Stoddard solvent, 330 
Stomates, 235 
Stone fruit (drupe), 15,65 
Stool layering (SEE mound layering). 
Storage 

controlled atmosphere, 425 



frUit species: optimum conditions, 424 
hvpobanc, 426 
refngerated, 424-25 
life: chemical regulation, 349 
rot: potato, 393 

Strain' definition, 16 
Stratification, 169, 188 
Strawberry (Fragana ananassa; F. Vlrg'

niana Duchesne), 15,35,38 
domestication, 23 
fruit development influenced by seeds, 

126 
pruning, 340 
radiation dose: tolerable, 413 
respiratory behaviour, 409 
root system, 323 
vitamin C content, 404 

Streets: trees suitable for, 559 
Stripping, 338 
Stroma, 89 
Style, 55 
Sub-mountainous region: orchards, 306 
Substrate 

respiratIOn efficiency, 100 
OXidation: respiratory quotient, 90 

Succulent fruits (SEE Fruit, succulent) 
Succulents 

definition, 13 
propagatIOn, 210 
transpiratiqn, 219 

Suckers and offshoots, 144, 209 
Sucrose: in dates, 61 
Sugar 

content in fruits" 404 
translocation: role of potassium, 271 

Sugar beet (Beta vulgaris) 
chlorine, 276 
domestication, 23 
flowering: induced, 130, 350 

Sulfur dioxide, 244 
Sulphur: deficiency symptoms, 273 
Summer vegetables, 14 
Sunflower (Helianthus annuus), 551 

male sterility, 147 
placentation, 59 

Sunflower (Heliaf!lhus orgyalis), 555 
Superficial placentation, 59 
Supply (and demand): seasonal fluctua

tion, 332 
Suspensor, 60, 122 
Swat: onions, 11 
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Sweet cherry (SEE Cherry, sweet) 
Sweet corn: freezing, 12 
Sweet lime 

growth regulators, 346 
stem cuttings, 144 

Sweet orange (Otrns sinensis Linn.), 36 
respiratory behaviour, 409 
rootstock, 344 

Sweet pea (Lathyms odoratus), 551 
Sweet pepper: male sterility, 147 
Sweet potato (Ipomoea OOtatas), 35,39 

botany, 493 
climate, 493 
curing, 411 
harvesting, 494 
irrigation, 494 
planting, 493 
soil, 493 
varieties, 494 
vitamin A content, 405 
yield: 494 

Sweet sultan (Centaurea moschata), 5~1 
Sweet William (Dianthus OOrbatus), 551 
Syamopsis tetragonoloba L., Taub. (SEE 

Cluster bean) 
Syconus, 70 
Sygnonium podophyllum (arrowhead vine), 

566 
Sylepta lunalis (grapevine leaf roller), 362 
Synergids, 56, 120, 147 
Synergism 

red and far-red light, 88 
TBZ and antibiotic F, 422 

Syrphids: bioI. control of aphids, 356, 365, 
367 

Syrphus OOlteatus: bIOI. control of citrus 
psylla, 357 

Syzygium cumunii Skeels, 36 
T-budding (shield budding), 193 
Tabemae montana coronena (chandni), 

562 
Tagetes erecta (SEE Marigold, African), 551 
T. patula (SEE Marigold, French), 551 
Taj Mahal, 541 
Tamarillo (tree tomato) (Cyphomandra 

betacea): respiratory behaviour, 
409 

T:mgelo, 175, 439 
Tangor, 175 
Tapetum, 117 

_Iaphrina deformans: leaf curl ID peaeh and 
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almond, 383 
Taro (Colocasia esculenta), 38, 128 
Taste: irradiation effects on, 415 
Taxonomy, 15 
TBZ 

controls Penicillium diseases, 420 
post-harvest residue, 420 
synergism with antibiotic F, 421 

TCA cycle: functions, 199 
Tea, 35 
Technology, indigenous: needed for seed 

industry, 31 
Tecoma grandiflora (tecoma), 562 
T. stans (tecoma), 559, 561 
Tegmen, 60,111,124 
Temperate fruits, 14 
Temperature 

cardinal, 227 
classification: basis for, 14, 247 
control (artificial), 227 
definition, 220 
factors influencing, 222 
house plants, 564 
inversions, 225 
leaf, 220 
maturation and climacteric: effect on, 

128 
maximum and minimum, 225 
post-harvest spoilage, 403 
respiration efficiency, 100 
scales: conversion factors, 221 

Tender plants, 15, 227 
Tensiometer, 241, 445 
Tent caterpillar (Malacosoma indicum), 

366 
Terminalio aljuna (aIjan), 560 
Termites, 369 
Terpene resin: for waxing, 417 
Testa, 60, 111, 124 
Tetragonia tetragonioides, 38 
Tetranychus tetarius 

red spider mite, 370 
red vegetable mite, 388 

T. urticae (spotted spider mite), 371 
Tetraploids, 151 
Tetrastichus radiatus: bioI. control of citrus 

whitefly, 357 
Texture 

in garden design, 540 
fruit: irradiation effects, 415 

Thai: arid zone, 248 

Thanatephorus cucumeris: damping off ID 

cabbage/cauliflower, 397 
The Origin of Species, 23 
Theretra alecto (hawk moth), 363 
Thevitia nerifolia (thevitia), 561 
Thiabendazole (2,4-Thiazolyl benzimi-

dazole), 419 
Thiamine (Bl), 18, 62 
Thinning: fruit, 127, 337, 338, 347 
Thiourea: dormancy regulation, 349 
Thompson grapefruit: origin, 175 
Thrips tabaci (onion thrips), 388 
Thuja orientalis (morpankh), 561 
Thylakoids, 89 
Tickseed (Coreopsis lanceolata), 555 
Tigris and Euphrates, 22, 23 
Tillage methods, 312 
Time of day: and temperature, 225 
Tissue culture, 202 

2,4-D, 131 
apple, 131 
applicability: range, 199 
capital investment, 199 
disinfectants used, 201 
expe rtise, 199 
facility, 202 
medium, 202 
plum, 131 
potato seed, 31 
Potato Research Station, Abbottabad, 

203· 
problems, 200 
selection of tissue, 201 
sterilization~ 201 
techniques, stages, 200 

Tobacco: cellular hybridization, 165 
Tobacco budworm (Heliothis armigera) 

pest of peas and beans, 389 
Tobacco caterpillar (Spodoptera Litura): 

pest of chilies, 'i88 
Tomato (Lycopersicon escuientum), 39 

autotetraploid, 152 
botany, 77,148,508 
calcium deficiency, 272 
chlorine: importance, 276 
climate, 11, 509 
copper deficiency, 275 
critical periods, 326 
diseases, 394-95 
fruit development, 126 
fruit set, 131, 346 



harvesting, 510 
irrigation, 510 
magnesium, 137 
male sterility, 147 
manures and fertilizers, 509 
phosphorus, 270 
planting, 509 
potassium, 137, 271 
propagation, 205 
pruning, 340 
radiation dose: tolc(able, 413 
respiratory behaviour, 409 
ripening: induced, 132 
rooting, 323 
rotation, 314 
soil, 509 
sulphur deficiency, 273 
varieties, 510 
vitamin content, 404, 405 
yield, 514' 

Tongue grafting, 196 
Tonoplast, 403 
Top working, 198 
Topography, 286 
Trace elements: foliar application, 279 
Tracheophyta: reason for name, 15 
Tradescantia f/uminensis (wandering Jew), 

566 
Training: plants, 331, 334 
Translocations, 153 
Transpiration 

post-harvest spoilage, 403 
rate: calculation, 239 
reduced by pruning, 333 

Transplanting 
pruning at, 302 
time: vegetables, 295 

Transport: of produce, 426-27 
Tranzschelia pruni-spinosae vaT. Dlscolor: 

leaf rust, 383 
Trees 

distinction from shrubs, 13 
pollution-resistant, 559 
species list, 560 
urban environment, 559-59 

Triangular layout system, 299 
Trianthema porthlacastrum (It-sit), 328 
Tribulus tem!stris (bhakra), 328 
Trichoderma viride: radiation resistance, 

414 
Trichogramma (wasps): bioI control of 
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diamond back moth, 392 
T. chilonis: bioI. control of apple codhng 

moth, 366 
T. evanescens: bioI. control of diamond· 

back moth, 392 
T. pretiosa: bioI. control of diamondback 

moth,392 
Trichurus spiralis: potato tuber rots, 393 
Trickle irrigation, 322 
Trigonella foenumgraecum (SEE Fenu

greek) 
Triploids, 151 
Tripospermum acerinum: sooty mould in 

mango, 376 
Tnsomics, 152 
Tristeza: citrus, 374 
Tropaeoleum majlls (nasturtium), 550 
Tropical fruits, 14 
Truck gardening, 11 
True berry, 68 
Tube nucleus (vegetative nucleus) (SEE 

Nucleus, tube) 
Tuber, 556 

formatIOn: photoperiodism, 218 
species propagated by, 144 

Tunnels, plastic (SEE Plastic tunnels) 
Turgidity: and stomatal opening, 235 
Turmeric: herbaceous perennial, 115 
Turnip (Brass/ca rapa L.), 39, 77 

botany, 77, 498 
climate, 498 
cntical periods, 325 
flowering: initiatIOn, 131, 350 
greens: source of fohc acid, 19 
harvesting, 498 
Insect pests, 391-92 
migation, 498 
magnesium deficiency, 273 
manures and fertilizers, 498 
sOil, 498 
sowing time and spacing, 498 
sulphur deficiency. 273 
varieties, 498 
yield, 498 

Tylenchulus semipenetrons (citrus nema· 
tode), 359 

Typhlodromus spp.: bioI. control of apple 
mites, 366 

T. sudanicus: bioI. control of cotton white
fly, 390 

Ulmus parvifolia (Chinese elm), 560 
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Umbelliferae (parsley family), 39 
Uncinulo net:IIIOr: powdery mildew in 

grape, 377 
Uniw:rsity of Agric:ulture, FaisaJalJa-i 

citrus crossing work, 162 
mango jUYenility work, 177 
triploid Kinnow work, 174 

Urmtius sentis (brinjal iacewing bug), 390 
Vaccinium corym/Jofum Linn. (SEE 81ue-

berry) 
VacuoIes, 403 
Vapor pressure, 238-39 
Variation: new source of, 165 
Variety: vs. cultivar/strain, 16-17 
Vavilov, N., 156 . 
Vegetables, 14, 19 

aroma, 406 
classification: edible portion of plant 

Ill' basis, 15 
composition, 18, 404 
critical periods, 325 
cross-pollinated, 204 
cruciferous: over-hardening, 231 
declared non-hortic:ultural subject, 28 
definition, 10 
early: plastic tunnels, 233 
industry: characteristics of, 10 
insect pests, 385-92 
irrigation, 317 
partially self-poUinating, 204 
planting and seed rate, 294-95 
production, 10,288 
propagation, 203 
seed: importance of good, 203 
self-pollinated, 203 
self-sterile, 204 
soil type, 295 
vitamin content, 404,405 _ 

Vegetative nucleus (SEE Nucleus, tube) 
Vegetative primordia, 123 
Vegetative propagation (SEE Propagation, 

vegetative) 
Veneer grafting. 197 
Venlurio inoequDlis: apple scab, 3$2 
Vetbena canadensis (verbena), 555 
V. hybrids (verbena), 551 
V. teneTrl (verbena), 555 
Vmnicularill aiJ18ici: diebaclt in chilies, 

395 
Vemalization.(chilling-requirement).116. 

219,229 

carrot, 135 
winter wheat, 135 

Verticillium Iecanii: bioI. control of cotton 
whitefly, hadda beetle, 386,390 

Viability of pollen: tests for, 147,173 
Vleia faba (broad bean), 39 
Vigna aconitifolia, 39 
V. mungo, 39 
V. radiata, 398 
V. sinensis Savi (SEE Cowpea) 
Vinca niinor (periwinkle), 552, 554 
Vine: definition, 13 
Viola papilionacea (violet), 555 
V. tricolor (pansy), 550 
Violaxanthin, 89 
Vuachola isocrates (anar butterfly), 370 
Virus diseases, 34 

clonally propagated cultivars, 161 
in potato breeding, 178 

Vitamin 
A: sources, 18,405 
antioxidant, 18 
81 (Thiamine), 14, 18, 19.62 
82 (Riboflavin), 18, 62 
C (SEE Ascorbic acid) 
content: and cooking methods, 19 
0: 17, 18, 19 
E: sources, 19 
F: sources, 19 

Viticulture, 6 
Vitis labrusca Regel (American grape) 38, 

481 
V: rotundifolia (Muscadine grape), 481 
V. vinifera Linn., 38 
Vitrification (watersoaking), 200 
Walnut 

abscission: Ethephon-induced, 133 
bearing habits, 343 
insect pests, 368 
pruning, 343 

Walnut weevil (Alcidodes porrectirostris), 
368 

Warm-season crops, 227 
Washington Navel orange 

originated as somatic variant, 175 
clonal propagation, 145 

. Washingtonia filfera (Washington fan 
palm), 559, 562 

Wasps: as bioI. control agents, 392 
Water 

available, 241 



boiling point, 221 
capillary, 240, 258 
chemically comblOed, 258 
consumptive use, 241 
enzyme activity, 316 
excess, 242 
freezing point, 221 
functions in plants, 235, 316 
gravitational (free), 240,258 
h(O t of ~dPorizatlOn, 237 
heat Of fusion, 237 
"y'glU'WPIC, 240, 258 
molecular structure, 236 
movement during hardening, 231 
movement in soil, 241 
sludge, 263 
sOIl: measurement, 241 
specific heat, 236 
turgidity: essential for, 110 
vapor: influence on temperature, 224 

Water gardens, 23 
Water lily: placentation, 59 
Water sprouts, 33~ 

Waterlogged sOils: reclamation, 21 
Watermelon (Cl/mUllS lana/lIs Thanb. 

Mavs.), 40 
botany, 520 
chmate, 520 
harvesting, 521 
respiratory behaviour, 409 
ripening: induced, 132 
seed rate and planting time, 521 
seedless triploids, 151 
soil, 520 
varieties, 521 
yield, 521 

WatersoaklOg (SEE Vltnfication) 
Wax coatings, 417-18 
Weather, 246 
Wedge (cleft) graftmg, 195 
Weeds 

control, 131, 329 
damage, 327 
obnoxious: and melon cultivation, 34 
types, 328-29 

Wet rot (tuber rot): potato, 393 
Wet and dry-bulb thermometers, 239 
Wheat 

cndospermic seed, 60 
lodging prevented by eee, 134 
placentatlon, 59 

INDEX 633 

While beans (SEE Bean, white) 
White root rot: apple, 383 
Whitewash, 303 
WHO 

dietary recommendations, 18, 29 
fungicide residues: acceptable levels 

by country, 420-21 
Willows, 560 
Wilt 

citrus, 372 
potato, 393 
tomato, 395 

Wilting point, 241 
Wind, 304 

effect on crop success, 246 
machlOes, 232 

Wmdbreaks, 304-5 
benefits and drawback!>, 305 
selection of plants for, 304, 560 
temporary, 304 

Winter vegetable, 14 
Wmterkill, 229 
Withertip: citrus, 371,450 
Wolffia (duckweed), 54 
Xan/homonas campestns 

black rot in cabbage/cauliflower, 396 
citrus canker, 374, 450 

X. pmni: bacterial spot 10 peach and al-
mond, 383 

Xanthophylls, 89 
Xenia: in maize, 126 
Yield 

citrus, 32 
low: causes, 185 
maximized by proper spacing, 294 
Pakistan, 30, 185 
reduced by weeds, 327 
tomato, 137 

Z-Scheme, 85 
Zea mays 

var. Praecox (SEE Maize) 
var. Rugosa (SEE Maize) 

Zeatin, 133 
Zinc: deficiency symptoms, 278 
Zingiber oJficinale (SEE Ginger) 
Zinnia elegans (Zinnia), 551 
Zizyphus jlljllba Lam., 37,464 
Z. mallritiana (SEE Ber) 
Zygotic seedlings, 173-74 
Zy/hia versoniana: fruit rot in pomegran

ate, 385 
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