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Preface 

Horticulture contributes to both the life and happiness of our people. 
Fruits and vegetables form a considerable part of our diet, providing 
many of the necessary vitamins and minerals, plus wide variety and good 
eating. Spreading green lawns, flowers, shrubs, and trees provide beauty, 
shade, and some measure of climate control. The pride of accomplishment, 
relaxation, and healthy exercise of gardening, in varying degree, mean 
much to those who have the "green thumb." The business of producing, 
processing, and handling horticultural products to satisfy the national and 
world market provides a livelihood to a large segment of our population. 

This book has been written with the hope that it may prOvide a satis
factory text for a beginning course in horticulture and also a valuable 
source of information for gardeners who want to know some of the sci
entific background for various horticultural practices. Since most intro
ductory courses include many students who will specialize in other phases 
of agriculture or go into related industry, the emphasis has been on the 
aspects of horticulture which are common to the many, rather than toward 
specialization in pomology, olericulture, floriculture, or landscape design. 

The students' previous training in related sciences such as botany and 
agronomy varies from institution to institution. No attempt has been made 
to give extensive treatment to botanical classification, plant structure, or 
functioning which may simply repeat work given the previous semester 
in botany. After a brief statement of general conditions affecting plant 
growth, actual horticultural operations are considered. Often the scientific 
bases are explained as they become necessary to an understanding of a 
recommended practice. Thus photoperiodism is discussed at some length 
in connection with timing the bloom of chrysanthemums where the effect 
is both pronounced and economically significant. The discussion of respi
ration is expanded in connection with storage where it is of prime im
portanc~, and temperature influences as they involve rest and winter kill
ing are taken up in connection with tree fruits where the influence may be 
a determining factor in successful operation. 

It is believed that learning is bet~er when associated with a specific 
problem, and the application to other situations can be indicated without 
difficulty. It is expected that instructors will want to add local material and 
expand some sections to suit the need in their areas or the previous train
ing of the students involved. 

While the various specialties in horticulture are treated comprehen
sively, teachers in the special fields will find that the time has not been 
wasted for their students. The author has found that an dver-all picture 
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vi Preface 

of a field tends to place the concentrated study in its proper perspective. 
In the preparation of a manuscript, one leans heavily upon the work and 

counsel of others. While they may not be held responsible for the final 
product, their contribution should be and is gratefully acknowledged. 

The author has been fortunate in the help received from his colleagues 
at the University of Rhode Island: Dr. V. G. Shutak, Dr. Wayne L. Ogle, 
Dr. A. E. Griffiths, Professor Jack W. Caddick, Professor WaIter E. Lar
mie, and Mr. James E. B~ewer, currently or formerly of the Department of 
Horticulture; Dr. Nestor E. Caroselli of the Department of Botany; Dr. 
ll. S. Bell of the Department of Agronomy; and Mr. Robinson Hindle, Jr., 
Mr. William Munk, and Mr. Charles Bannister, who assisted with illustra
tions and questions. Dr. John T. Kitchin of the University of New Hamp
shire has been kind enough to read and criticize the entire manuscript at 
some stage in its development. Dr. George H. M. Lawrence of the Bailey 
Hortorium at Cornell University has assisted with nomenclature. Some of 
the original art work was contributed by the author's sister, Margaret 
Holdsworth Christopher. He is indebted to many who have graciously 
permitted reproduction of data and illustrations, especially to Miss Carol 
H. Woodward of The Macmillan Company, who arranged for the re-use of 
illustrations from The Pruning Mc.nual. . 

Special acknowledgment is made of the assistance of the author's wife, 
Elizabeth Webster Christopher, in criticizing the manuscript and reading 
proof, and to his secretary, Mrs. Elizabeth Caswell, who has been tireless 
in preparing the manuscript for submission and in reading proof. 

A general book must draw heavily upon source material in the several 
special ties. The author has done so and commends the books listed under 
Selected Heferences to others who may wish to delve more deeply into a 
subject. 

Everett P. Cliristopher 
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CHAPTER 1 

Field of Horticulture 

A student should have some knowledge of the place of horticulture in 
the economy of the nation and its relationship to other fields. No at
tempt will be made to present a complete statistical analysis, nor will 
the reader be burdened with a "sales talk" as to the importance of the 
field. An attempt will be made to indicate briefly only the more im
portant facts involved. 

THE PLACE OF HORTICULTURE TODAY 

Relation to Agriculture and Other Sciences. Horticulture has been 
developed far beyond its historic definition of "garden culture" and is 
concerned with both intensive and extensive culture of certain crops for 
food, comfort, and beauty. The larger field, agriculture, is usually divided 
into two major divisions: animal science and plant science. Fields such 
as agricultural engineering, agricultural economics, and agricultural 
chemistry serve both. The plant sciences are usually divided into three 
departments: horticulture (fruits, vegetables, and ornamentals), agron
omy (field crops, including grains and fibers), and forestry. 

In general, horticultural crops are grown more intensively and acre 
returns are relatively higher than with agronomic and forestry crops. 
With greenhouses, gross annual returns of $50,000 to $60,000 per acre 
are necessary. Returns from an acre of strawberries or trellis tomatoes 
may be several thousand dollars. Both potatoes, sometimes classified as 
horticultural crops and sometimes as agronomic crops, and tobacco, 
usually classified as the latter, are intensive as to culture and involve 
high growing costs and relatively large returns. Custom within an area 
or even an institution is often the only real reason for a specific classi
fication. Lawns, as an essential part of any landscape planting, are 
generally considered as a part of the field of horticulture, although at 
some institutions both teaching and research in this important field 
may be in the department of agronomy. By including both potatoes 
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2 Introductory Horticulture 

and lawn grasses in this discussion, it is hoped that the book will be 

more complete and of greater usefulness. 

Early work in horticulture was often taught by botanists, and quite 

properly. much of horticultural teaching may be called "applied bot

any." A certain knowledge of plant classification (taxonomy), structure 

( anatomy), function (physiology), and disease (pathology) is essential. 

A full understanding of some horticultural problems may involve de

tailed research in a fundamental science such as botany, chemistry, or 

physics. Horticulture deals with ultimate economic or aesthetic satisfac

tions which, to be long satisfying, must conform to the principles of 

both art and science. For maximum development they are interdepend

ent. A recognition of this fact might lead to a better understanding and 

closer cooperation between the so-called pure and applied scientists. 

Other science fields of special importance to horticulturists are en

tomology (insects), bacteriology (both soil organisms and those causing 

spoilage), and genetics (heredity). 

Horticulture and Our Way of Life. Horticultural activity is important 

to all of us as a source of food. Around 40 per cent of the food we con

sume is raised by horticulturists. The orange or tomato juice or whole 

fruit with which we start our meal, the vegetables which balance the 

meat or fish of the main course, the salad, the jelly or jam on our bread, 

the pickles, olives, celery, and radishes in the side dish, all or part of 

the dessert, and the flowers on the table, all have their origin in the 

orchards, fields, or greenhouses of horticulturists. While also supplying 

both bulk and calories to the diet, many horticultural products are es

pecially important for the vitamins and minerals they provide. Both the 

poor, who must depend largely on vegetable proteins such as are found 

in peas and beans, and those better off economically, who can enjoy 

fruits out of season and flowers shipped by air express, are dependent 

UpO.l horticulture. 
The last reference leads naturally into a second very important con

trib1,ltion of horticulture to the life of all of us. The aesthetic value of 

flowers in our homes and gardens, shade trees along our streets and in 

our parks, and pleasing landscape design cannot be overestimated. Al

though many people take these values for granted when they are avail

able, storms, droughts, or cold winters which destroy them bring out 

our subconscious dependence upon beauty. 

Any large constructive industry contributes to the welfare of all. 

Horticultural crops have a yearly farm value in the United States of 

over 3 billion dollars. All basic commodities, whether they be iron ore, 

oil, cotton, or a food crop such as apples, support many service in

dustries. Thus the need to control apple insects and diseases results in 

business for chemists, machinery manufacturers, and salesmen. The 
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need to store and sell the crop involves package manufacturers, storage 
operators, commission merchants, retailers, and all those servicing these 
groups. A freeze which ruins th(~ citrus crop of California or the sweet 
cherries of Michigan is of concern to many more than the owners of the 
orchards. 

FIG. 1-1. These American elms add to the beauty of the University of Rhode Island 
campus and to the comfort of both students and faculty. 

Horticulture and the Individual. One of the greatest advantages of 
horticulture is that it can be many things to the individual. It may be an 
all-consuming hobby and may channel interest and energy into health
ful and helpful channels. Amateur horticulturists are legion. Some of the ' 
best-informed people on African violets, roses, and herbs are nonprofes
sional horticulturists who have had the interest, money, and time to spe
cialize. One may become interested in a particular flower or fruit and 
collect all varieties which will grow in his climate. He may be big or 
small, spend little or much, work from dawn to dusk, or as little as he 
chooses. The business concerns serving the hobbyist are numerous, and 
the dollar volume involved is tremendous. Many profeSSional horticul
turists sell their whole supply of plants to this group. ' 

A second group is the so-called part-time horticulturist. Those whose 
work is seasonal or whose hours at another occupation are not too de
manding may have an acre of strawberries or a large vegetable garden 
as an additional source of income. Flowers and perennial plants are also 
well adapted to this sort of enterprise. They may be grown in a small 
way with a minimum of expensive equipment and other capital outlay. 
A half acre of berries requires little labor beyond cultivation up to har
vesttime. Some growers plan to take their vacation at harvesttime, or 
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depend on family help. Or they may allow customers to harvest their 
own purchases. This latter .plan is increasingly popular with berries 
grown near large centers of population. Part-time horticulturists usually 
grow crops of relatively high acre value. 

The third group of horticulturists includes those who plan to make a 
living from the growing and selling of crops. While there are some gen
eral horticulturists, those who grow a wide variety of crops, there is a 
definite tendency to specialize in the growing of fruit, vegetables, 
Bowers, nursery stock, seeds, etc. Usually, those who care for parks and 
trees and draw designs for landscape plantings are also specialists. There 
are both weakness and strength in this trend. It leads to a condition 
where a crop failure or a low price for a particular product may mean 
economic disaster to the specialist. On the other hand, sufficieat volume 
of one crop justifies the special equipment necessary for most efficient 
operation and may improve the marketing situation. Buyers for large 
chain stores are not interested in small lots. Some diversification seems 
desirable to spread the risk of crop loss and poor markets. Diversifica
tion also offers the possibility of more efficient use of labor. 

TYPES OF HORTICULTURE 

Fruit Growing. The science of fruit growing is called pomology, and 
those who work in the field, pomologists. In horticulture, the definition 
of fruit does not agree with that of either the botanist or the economist. 
Apples are considered a fruit by all three groups. A watermelon, a 

FIG. 1-2. Young citrus grove in Florida starting to bear fruit. 
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fruit to the botanist and economist, is a vegetable crop to the horticul
turist. The tomato, definitely the fruit of the tomato plant and so 
classified by the botanist, is a vegetable to both the economist and the 
horticulturist. In general, botanical fruits (a mature ovary or ovaries, to
gether with any closely associated accessory structures) . produced on 
perennial plants are horticultural fruits. In general, those annual or bien
nial crops where the parts eaten may be fruits, stems, roots, tubers, etc., 
are classified by the horticulturist as vegetables. To the economist, those 
vegetable crops which compete directly with fruits in the market are 
classified as fruits . Thus muskmelon may replace a baked apple, and 
watermelon a piece of cherry pie. While there may be exceptions, or at 
least borderline cases, in this rough classification, it is a useful generaliza
tion. 

Deciduous fruit plants, those which drop their leaves and go through 
a period of general inactivity or rest, include pome fruits-apple, pear, 
and quince; drupe or stone fruits-peach, plum, apricot, cherry, and 
almond; small fruits-grape, strawberry, blueberry, brambles, currant, 
gooseberry, and cranberry; nut crops-walnut, pecan, filbert, and 
chestnut; and miscellaneous crops, including figs, mulberries, and per
simmon. The evergreen fruits include the avocado, mango, pineapple, 
date, banana, etc., as well as the citrus fruits-orange, tangerine, grape
fruit, lemon, and lime. 

Fruits such as the strawbe:.'l'Y are grown over a large part of the 
United States, while the commercial production of lemons is largely 
restricted to California and that of limes to Florida. The commercial 
bearing acreage of 18 fruits in 1955 was 3,638,700. Yields totaled over 
17,476,000 tons, or about 212 pounds per capita. Fruits are used in a 
variety of forms; for example, of the 1955 commercial apple crop of 
some 106,234,000 bushels, 68,531,000 bushels went to the fresh mar
ket, 15,958,000 bushels was canned, 3,955,000 bushels was dried, 
1,962,000 bushels was frozen, and 10,490,000 bushels was used for 
cider, vinegar, etc. In the case of apricots, only 33,660,000 tons out of 
the crop of 281,400,000 tons sold went to the fresh market. 

Vegetable growing. The science of vegetable production is called oleri
culture, and workers in the field, olericulturists. The term olericulturist is 
used much less frequently than pomologist. As indicated above, most so
called vegetable crops are produced by annual or biennial plants, al
though obvious exceptions are the perennials asparagus and rhubarb. 
With vegetables, the plant part consumed varies. Some of the common 
crops are listed as follows on the basis of the portion used.1 

1 As with classifications given earlier, there are differences between scienti1lc 
terminology and common usage. For example, sweet corn is technically an aggregate 
fruit. Snap beans are fruits, also. 
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-Root: beet, carrot, celeriac, sweet potato, turnip, rutabaga, parsnip, 
radish 

Tuber: Irish potato, Jerusalem artichoke 
Bulb: onion, garlic, chive, shallot 
Stem: asparagus, kohlrabi 
Leaf: cabbage, spinach, lettuce, Brussels sprouts, kale, mustard, col-

lards 
Petiole: celery, rhubarb 
Inflorescence: globe artichoke, cauliflower, broccoli 
Seed: pea, bean, corn 
Fruit: toml'lto, eggplant, pepper, cucumber, muskmelon, watermelon 

While some vegetable growers specialize in a single crop, such as 
potatoes, tomatoes, or watermelons, more often a wider variety of crops 
is grown in order to make better use of land, equipment, and labor. Two 
or more crops may be grown on the same land in one year. This will be 

FIG. 1-3. Potatoes are grown in large fields such as this one on the Kingston Plains, 
Rhode Island, so that operations may be largely mechanized. (UHI photo.) 

discussed in Chapter 7. The total production of vegetable crops is dif
ficult to measure. During World War n, there were about 20 million 
home ("victory") gardens. Commercial production of vegetables in 1955 
(excluding Irish potatoes and sweet potatoes) involved some 3,826,900 
acres, of which slightly over one-half (2,122,120 acres) was for the fresh 
market. In addition, some 341,000 acres of sweet potatoes and 1,414,000 
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acres of Irish potatoes were harvested. This production allowed for 
about 200 pounds of truck crops, 138 pounds of white potatoes, and 
nearly 13 pounds of sweet potatoes per capita. 

Certain vegetables, especially tomatoes and cucumbers, are grown 
during the winter months in greenhouses close to consuming centers. 
Other crops grown in greenhouses, cold frames, or other special struc
tures include lettuce, radish, summer squash, beet greens, and mush
rooms. The costs involved are relatively high, and with improved re
frigeration and transportation facilities from distant areas, only the most 
efficient operators can stay in the business. The development of winter 
production areas in Florida, Texas, Arizona, and southern California 
has resulted in a marked change in the importance of the vegetable
forcing business. The production of plants for sale to both home gar
deners and commercial producers is another vegetable industry of con
siderable importance. 

Ornamental Horticulture. To some, the only real horticulturists are 
those engaged in growing flowers and shrubs. As has been indicated 
earlier, this concept does not hold today, but it is difficult to place even 
such growers into satisfactory subclassifications. The lines of demarcation 
are not always clear. Those who grow flowers , usually but not always un
der glass, are called florists, or professionally, floriculturists. However, 
those who sell flowers and arrangements at retail and might not recog
nize a carnation plant without the blooms are also called florists. Some 
florists both grow and sell. 

Florists may specialize in cut flowers, flowering plants, bulbs, or a 
combination of these. There are those who grow nothing but roses and 

FIG. 1-4. Large greenhouse range used for roses. Because of favorable winter light 
conditions, production near Portsmouth, New Hampshire, is profitable in spite of high 
heat costs. 
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have 5 to 6 acres under glass. Others may concentrate on carnations. Still 
others may grow such specialties as gardenias or orchids. The possible 
comb!nations are almost unlimited. Most Horists have a heavy investment 
in buildings which require artificial light and heat, must cope with insect 
and disease problems made more serious because of favorable tempera
ture and moisture conditions, and face the risks of power failure, hail, and 
wind damage. Therefore the maximum yields must be secured and the 
proper utilization of every square foot of space is essential to success. 
The most important cut-Hower crops are roses, carnations, chrysanthe
mums, and snapdragons. Easter lilies, poinsettias, geraniums, tulips, and 
daffodils are the most important potted plants. Gladioli and garden chrys
anthemums are the most important Howering crops grown outdoors. 

The nurseryman is an ornamental horticulturist. The value of nursery 
crops sold in the United States each year runs well over 132 million 
dollars. Some are specialists who do propagating only, grow only the 
ericaceae (rhododendron, laurel, azalea, etc.) or harrdle only fruit trees. 
Increasingly, nurserymen are combining growing and selling and are 
adding design service. This latter seems to be a forward-looking step 
for the industry. The feeling that lasting satisfactions, rather than tem
porary monetary gain, are the end result is increasing. The sale of a 
Norway spruce which will eventually make a tree 100 or more feet 
high for foundation planting about a house is not good business for 
the industry. Many of the smaller nurserymen have~added such side
lines as fertilizer, seeds, pesticides, loam, and garden furniture to their 
business. 

Another group is concerned with the planting and care" of trees and 
shrubs both on private grounds and in parks. These horticulturalists are 
called arborists and, in most states, operate under a license which 
guarantees a minimum standard of training and knowledge. Pruning, 
spraying, feeding, bracing, and tree surgery are common functions. 

Landscape design and planting also come under horticulture and in
clude the highly trained landscape architect who is capable of de
signing and supervising the construction and planting of grounds on 
elaborate estates, parks, and highway systems as well as the landscape 
gardener who operates on a small scale and may do much of the 
manual work himself. 

Special Horticultural Activities. In addition to arborists and landscape 
architects, there are other groups of more or less professional horticultur
ists, including consultants working with seed houses; manufacturers of 
agricultural chemicals, fertilizers, and farm machinery; garden writers for 
newspapers and magazines; and inspectors, teachers, research workers, 
and extension-service specialists at both Federal and state level. 
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FIG. 1-5. Garden area at University of Rhode Island, combining rose-variety test gar
dens (foreground), annual flower beds (left center), and the landscape use of various 
shrubs and trees. (URI phuto.) 

The production of both vegetable and flower seeds is a highly spe
cialized and important business. Seed production has certain special 
requirements, such as isolated areas so that varief es do not become 
mixed and a climate that is not favorable to disease. Plant breeders 
work on the development of new varieties, and laboratory technicians 
test seed for viability. Some commercial vegetable growers produce seed 
of special crops under contract. 

Much of our modem food technology-the storing and processing of 
food-developed naturally within the field of horticulture, and many 
leading food technologists started out as pomologists, or olericulturists. 
The origin of many of the present departments of food technology 
was in courses added here and there to departments of horticulture. 
Modem food technologists are especially well trained in chemistry 
and bacteriology and work closely with the horticulturists. As noted 
earlier, the per cent of horticultural food products used for process
ing is large and is likely to increase. Many large canners and food 
freezers employ trained horticulturists as fieldmen to work with the 
growers. Often these growers are already under contract to the proc
essor, and as a result, quality control is a factor of mutual con
cern. 
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Table 1-1. Important Fruit and Vegetable Crops Grown in the United States, 

Showing Probable Origin, Important Areas of Production, Type of Plant, 

Edible Portion, and Approximate Farm Value for 1955 

Approximate 
V.S. farm 

Important areas Type Edible value 

of production for of por- (000 

Crop Origin V.S. market plant tiono omitted)t 

Almond Western Asia California W.P. Fruit $ 19,438 

Apple Europe, South- Washington, New W.P. Fruit 203,323 

we&t Asia York, Virginia, 
California, Michi-
gan, Pennsylvania 

Apricot Western Asia California W.P. Fruit 29,183 

Blueberry North America New Jersey, New W.P. Fruit 9,521 

England, Michi-
gan, Wisconsin 

Cranberry North America Massachusetts, W.P. Fruit 10,196 

Wisconsin, New 
Jersey 

Date North Africa California W.P. Fruit 2,673 

Fig Mediterranean California W.P. fo'ruit 6,587 

region 
Grape Southeast Eu- California. Michi- W.P. Fruit 136,592 

rope. North gan, New York, 

America Pennsylvania, 
Ohio 

Grapefruit Vnknown florida, Texas, W.P. Fruit 42,088 

Arizona, Cali-
fornia 

Lemon Asia California W.P. Fruit 39,690 

Lime India, Southeast Florida, Cali- W.P. Fruit 1,208 

Asia fornia 

Nectarine China California W.P. Fruit 3,552 

Olive Mediterranean California W.P. Fruit 8,775 

region 
Orange China Florida, Cali- W.P. Fruit 326,776 

fornia, Texas, 
Arizona 

Peach China California, Michi- W.P. Fruit 110,453 

gan, South Caro-
lina, Georgia, 
Pennsylvania 

Pe~\T Europe. Wcst- Californiil. \Vash- W.P. Fruit 62,927 

ern Asia ington, Oregon, 
Mkhigan, New 
York 

l}ecan V.S. Georgia, Texas, \V.P. Fruit 48,253 

Oklahoma, Ala-
bama 

Plums and Eurasia, V.S. C'llifornia, Orl'- W.P. Fruit .58,04.5 
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Table 1-1. Important Fruit and Vegetable Crops Grown in the United States, 
Showing Probable Origin, Important Areas of Production, Type of Plant, 

Edible Portion, and Approximate Farm Value for 1955 (Continued) 

Approximate 
U.S. farm 

Important areas Type Edible value 
of production for of por- (000 

Crop Origin U.S. market plant tionO omitted)t 

prunes gon, Washington, 
Idaho, Michigan 

Raspberry, North America, Washington, New W.B. Fruit $11,004 
red East Asia Jersey, New York, canes, 

Michigan P. 
roots 

Strawberry North and California,Ore- H.P. Fruit 92,314 
South America gon, Washington, 

Michigan, Louisi-
ana, Tennessee, 
Arkansas, New 
York 

Walnut Southeast Eu- California, Ore- W.P. Fruit 22,(i78 
rope, Asia gon 

Artichoke, Mediterranean California H.P. Brad 3,026 
globe region, Canary 

Islands 
Asparagus Europe, Asia California, New H.P. Stem 46,948 

Jersey, Washing-
ton, Illinois, 
Michigan 

Bean, Lima Tropical Georgia, New H.A. Seed 15,528 
America Jersey, Ncw York, 

Florida (fresh), 
California, Dela-
ware, Wisl.'on:-,in 
( proct>ssed ) 

Bean, snap South America, Florida, Cali- H.A. Fruit 76,956 
Central America fornia, New York and 

( fresh); Oregon, seed 
New York, Flor-
ida, Wisconsin, 
Maryland (proc-
essed) 

Beet Europe Texas, Pennsyl- H.B. Root 4,41! 
vania, Ncw Jersey 
(fresh); New 
York, Wisconsin, 
Oregon (proc-
essed) 

Broccoli \Vcstern Eu- California, Texas, H.A. Flower 18,2.54 
rope, ~I{'(liter- New Jersey, I:md and 



12 Introductory Horticulture 

Table 1-1. Important Fruit and Vegetable Crops Grown in the United States, 
Showing Probable Origin, Important Areas of Production, Type of Plant, 

Edible Portion, and Approximate Farm Value for 1955 (Continued) 

Approximate 
U.S. farm 

Important areas Type Edible value 
of production for of por- (000 

Crop Origin U.S. market plant tion" omitted)f 
ranean region Washington, New stem 

York 
Brussels Western Eu- California, New H.B. Lateral $3,294 sprouts rope, Mediter. York bud 

ranean region 
Cabbage Western Eu- Florida, Texas, H.B. Termi- 45,484 

rope, Mediter- New York nal bud 
ranean region (fresh); New 

York, Wisconsin 
( processed) 

Carrot Europe, Asia, Texas, California, H.B. Root 42,516 
North Mrica New York, Michi-

gan, Wisconsin 
C"'IuliHower Western Eu- California, Texas, H.A. Flower 16,953 

rope, Mediter- New York bud and 
ranean region stem 

Celery Sweden to California, Flor- H.B. Petiole 59,366 
Egypt; Asia; ida, Michigan, 
New Zealand; New York 
North America 

Corn, sweet Unknown, possi- Wisconsin, Min- H.A. Fruit 62,857 
bly tropical nesota, Illinois, 
America Maryland, Indi-

ana, Iowa, New 
York 

Cucumber Southern Asia, Michigan, Wis-. H.A. Fruit 34,202 
Africa consin (pickles), 

Florida, Cali-
fornia, New York, 
North Caroliga, 
South Carolina 

Eggplant Africa, Asia Florida, New H.A. Fruit 2,032 
Jersey 

Endive Probably India Florida H.A. Leaf 
Lettuce Asia, Europe California, Ari- H.A. Leaf 138,934 

zona, Texas, New 
York 

Muskmelon Asia California, Ari- H.A. Fruit 54,912 
zona, Texas, 
Georgia, Michi-
gan 

Onion Western Asia New York, Cali- H.B. Bulb 53,507 
fornia, Texas, 
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Table 1-1. Important Fruit and Vegetable Crops Grown in the United States, 
Showing Probable Origin, Important Areas of Production, Type of Plant, 

Edible Portion, and Approximate Farm Value for 1955 (Continued) 

Approximate 
U.S. farm 

Important areas Type Edible value 
of production for of por- (000 

Crop Origin U.S. market plant tion O omitted)t 

Michigan, Oregon 
Parsnip Europe New York, Michi- H.B. Root 

gan, Washington 
Pea Europe, Asia California, New H.A. Seed $44,162 

York, Colorado 
(fresh); Wiscon-
sin, Washington, 
Minnesota, Ore-
gon (processed) 

Pepper Central America Florida, New H.A. Fruit 20,976 
Jersey, California, and 
Texas, North seed 
Carolina 

Potato, Probably Andes Maine, Idaho, H.A. stem 403,296 
Irish New York, Cali- tuber 

fornia, North 
Dakota 

Potato, Central Amer- Florida, New H.A. Root 70,043 
sweet ka, Wcst Indics Jersey, California, tuber 

Texas, Alabama 
Pumpkin Unknown, prob- Illinois, New Jer- H.A. Fruit 
and s(juash ably tropical sey, California, 

America Florida, Texas, 
Georgia, New 
York, Massachu-
setts, Michigan 

Radish Europe or Asia California, Texas, H.A. Root 
Florida, South 
Carolina 

Rhubarb Asia Michigan, Wash- H.P. Petiole 
ington 

Spinach Asia California, Texas H.A. Leaf 15,716 
Tomato Western South California, Flor- H.A. Fruit 221,481 

America ida, Texas, New 
York, New Jer~ey, 
Michigan (fresh); 
California, Indi-
ana, New Jersey 
( processed) 

Turnip and Western Eu- New York, Michi- H.B. En-
rutabaga rope, Medit .. r- gan, California, larged 

ranean f('gion New Jersey, East- root 
ern Canada 
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Table 1-1. Important Fruit and Vegetable Crops Grown in the United States, 
Showing Probable Origin, Important Areas of Production, Type of Plant, 

Edible Portion, and Approximate Farm Value for 1955 (Continued) 

Crop Origin 

Watermelon Africa 

Important areas 
of production for 

U.S. market 

Texas, Florida, 
Georgia, Cali
fornia, South 
Carolina 

Type 
of 

plant 

H.A. 

Approximate 
U.S. farm 

Edible value 
por- (000 
tion" omitted)t 

Fruit $40,210 

KEY: H-herbaceous; W-woody; A-annual; B--biennial; P-perenniaI. 
"Fruit is used in the general sense. True fruit of strawberry is the achel'le on 

an enlarged receptacle; raspberry is a group of drupelets; and the kernel of nuts is 
eaten. 

t Most figures on value come from U.S.D.A. Agricultural Statistics, 1956. Most of 
those not available there were taken from volume 2 of the 1954 Census of Agriculture. 

QUESTIONS 

1. Discuss your understanding of the field of horticulture both as a science 
and an industry. 

2. What scientific fields contribute to a better solution of horticultural prob
lems? 

3. Discuss the advantages and disadvantages of both diversification and 
specialization, espeoially as applied to growing horticultural crops in your 
afP,a. 

4. How may horticulturists, botanists, and economists differ in their classifica-
tion of some horticultural crops? Give examples. 

5. List commonly grown pome, drupe, and evergreen fruits. 
6. What crops are usually classified as small fruits? 
7. Classify the following vegetable crops according to plant parts commonly 

used as food: beet, potato, onion, asparagus, lettuce, celery, cauliflower, 
pea, tomato. 

8. Distinguish between pomology, olericulture, arboriculture, and floriculture. 
9. What are the most important cut-flower crops? 

10. What is the function of the nurseryman? 
11. What do you think is the future of the greenhouse vegetable industry? 

Why? 
12. What are some of the activities, other than commercial production, requir

ing horticultural training? 
13. What crops are well adapted to part-time farming? Why? 

SELECTED REFERENCES 

IT,S.D.A. Agricultural Statistics. 



CHAPTER 2 

Classification, Structure, and 
Growth of Plants 

Horticulturists deal with many plants, including the McIntosh apple, 
Golden Cross Bantam sweet corn, Paul Scarlett rose, American elm, and 
Japanese barberry. In so short a list, both botanical and horticultural 
classifications are involved, and some understanding of the way in 
which plants are distinguished seems desirable. Taxonomists, a group of 
botanists primarily interested in the orderly classification of plants, 
progressively separate the plant kingdom into divisions, subdivisions, 
classes, subclasses, orders, families, genera, and species on the basis of 
similarities which indicate relationship. 

BOTANICAL CLASSIFICATION 

Seed plants are in one of the major divisions of the plant kingdom, 
which includes the vascular plants and is called Embryophyta siphono
gama (by some still Spermatophyta). Two subdivisions are recognized, 
the Gymnospermae, or gymnosperms, which have so-called naked 
seeds, often borne on the cone scales and with inconspicuous flowers 
(pine, spruce, hemlock, cedar, and many other evergreens) and An
giospermae, or angiosperms, which may have conspicuous flowers and 
seed enclosed, or "hidden," in fruits. The two differ further in that, 
generally, gymnosperms have no vessels; the angiosperms do. The an
giosperms are further divided into two classes known as Monocotyle
doneae (monocots) and Dicotyledoneae (dicots). The monocots have 
one cotyledon in the embryo, flower parts mostly in threes or multiples 
of three, and parallel leaf veins and include grasslike plants, such as 
corn, wheat, oat, and also lily, orchid, bamboo, and the banana. The 
dicots have two cotyledons in the embryo, flower parts mostly in fours 
and five or multiples thereof, and leaves with netted veins, and include 
all broad-leaved forest trees (oak, maple) and most ornamental and 

15 
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crop plants such as clover, tomato, bean, pea, buckwheat, geranium. 
apple, and orange. 

The Japanese yew, lily, and apple would be classified as follows: 

Kingdom (vegetable) 
Division (Embryophyta siphonogama, or Spermatophyta) 

Subdivision I 
Gymnospermae 
Order 
Coniferae 

Family 
Taxaceae 

Genus 
Taxus 
Species 
cuspidata-common Japanese yew 

Subdivision 11 
Angiospermae 

Class I 
Monocotyledoneae 
Order 
LiliHorae 

Family 
Liliaceae 
Genus 
Lilium 
Species 
tigrinum-common tiger lily 

Class 11 
Dicoty ledoneae 
Order 

Rosales 
Family 
Hosaceae 
Genus 

Malus 
Species 
sylvestris (domestica )-common apple 

As might be expected with a plant population which has hybridized 
naturally through thousands of years, relationships are not always sim
ple and subspecies and/or botanic varieties are recognized. Horticul
turists have carried the subdivision of plants still further by selection 
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and planned breeding between and within species and call the result
ing plants varieties. Thus McIntosh is a horticultural variety of apple 
originating as a chance seedling of Malus sylvestris1 the generic and 
specific name, respectively, for apple. Golden Cross Bantam is the name 
of hybrid sweet-corn variety produced by planned and controlled yearly 
crossing of two selections in varieties of Zea mays var. rug08a, the ge
neric, specific, and botanical variety, or subspecies, names, respectively, 
for sweet corn. When an American elm is obtained from the nursery
man, it is ordinarily Ulmus americana. The generic and specific names 
and the commonly used name refer to the same plant and distinguish it 
from the Chinese elm, Ulmus parvifolia, which, while an elm, is quite 
different in certain respects. There are variations within large popula
tions of American elm, and by selection it is possible that more de
sirable trees could be secured. To these, a distinctive variety name 
would then be given. This selection has already been done with the 
Japanese barberry, Berberis thunbergii, and a small variety, minor, a 
red variety, atropurpurea, and a more erect form, erecta, are available 
to the trade. 

It should be noted that the botanic names of plants come from the 
Latin or Greek and thus may be universally understood. This is very 
important in dealings between plantsmen of different countries 
and even of sections of a large country such as the United States. Sev
eral common names for the same plant are frequently used. It should be 
noted also that the generic name is always capitalized and the specific 
name is in the lower case. Also, many names, especially the specific 
names, may have special significance indicating origin, color, size, form, or 
the person first finding or naming the plant. Examples are Berberis koreana 
(Korean barberry), Berberis darwinii (Darwin barberry), Spiraea van-
houttei (Vanhouttii spirea), Rhododendron maximum (large native 
rhododendron), Rosa alba (a white- rose), etc. This system of nomen
clature is known as the binomial system and was begun by a Swedish 
naturalist, Linnaeus, about 1753. The student will find many plant 
names carrying the deSignation "Linn." or "L." alone after the specific 
name, indicating that Linnaeus first classified the plant concerned. 
When a third, or varietal, name is added, one has a trinomial system. 
In general, no more than the genus classification is designated, al
though occasionally it may be of interest to know, .for example, that the 
apple and rose both belong to the larger group, or family, Rosaceae. 

There are other ways in which plants are classified. Botanists known 
as ecologists make classifications on the basis of climatic factors such as 
temperature and water relations. Both botanists and horticulturists may 

1 The genus and species names used throughout the text have been checked by the 
staff of the Bailey Hortorium. 
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designate groups of plants as trees, shrubs, or vines, taking into con
sideration two characteristics, form and habit of growth. Such a classi
fication has no necessary bearing on real genetic relationship and must 
be recognized to be artificial, and reliable under a given set of condi
tions only. The same plant may occasionally behave differently under 
various conditions. Moreover, there are always bord~rline cases in any 
classification. By the use of different training methods, a tree may 
be grown as a shrub, or a shrub as a tree. Landscape gardeners fre
quently classify plants according to such characteristics as tolerance 
to shade, acid soil, or heavy pruning and time and color of bloom. All 
these lists have their uses. A list based on hardiness may well be more 
valuable to the practical horticulturist than one based on family rela
tionships. 

SOME OTHER HORTICULTURAL CLASSIFICATIONS 

Success with most horticultural crops depends upon the use of 
variants within the botanic species. These selections may vary from 
the usual in color, size, quality, time of harvest, yield, or in a combi
nation of factors. As noted earlier, they are termed horticultural 
varieties, and the names are capitalized (McIntosh apple, Red Sim 
carnation, Rutgers tomato). With some, including fruits and most green
hOLlse flowers, reproduction is from an original plant by vegetative or 
asexual means, described in Chapter 5. Most vegetables and outdoor 
flowers may be reproduced, after several generations of selection, from 
seed. 

New varieties are being sought continually to meet new market 
demands and economic competition or to permit wider climatic adapta
tion. For example, the New Hampshire Midget watermelon was de
veloped by Dr. Yeager to allow the growing to maturity of this vegetable 
under the short-growing-season conditions in New Hampshire. The 
Shasta and other strawberry varieties were developed by plant breeders 
at the University of California for the special climatic conditions found 
in the Salinas Valley. Greatly increased yields and harvest over a period 
of months, rather than weeks, were made possible. 

In the constant drive to secure improved crops, horticulturists are 
continually selecting and breeding for slight variations not important 
enough to justify a new varietal name. Thus a new introduction, the 
Hhode Island Red watermelon, which resulted from the crossing of 
Honey Cream and Dixi Queen, has brown seeds. The public tends to 
associate maturity of watermelons with black seeds. Therefore selec
tions are being made to secure darker seeds, and a "black-seeded strain" 
may be the result. Such selection for small differences is common in 
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both the vegetable- and flower-seed-production business and is possi
ble because of the normal variation in plant populations. 

Occasionally, a variation of considerable magnitude occurs in one 
character. Such sudden changes are termed sports, or mutations, and 
may involve a whole plant or only part of a plant. One well-known ex
ample of this type of change is the Starking Delicious apple. An in
dividual limb of a standard Delicious tree developed fruit which was 
more highly colored and developed this color earlier in the season. 
These characteristics could be carried to other trees through budding, 
thus proving that the change was a real genetic one and not due to 
some special environmental condition. This and other red sports, or muta
tions, have now taken the place of the old striped Delicious apple in 
many parts of the country. Color changes and those involving time of 
harvest or size are quite easily recognized. There is no reason to assume 
that only these obvious mutations occur. Mutations involving quality, 
storage life, yield, vitamin content, etc., are occurring and, in a few 
cases, will be found and propagated to benefit mankind. The point at 
which a difference is great enough to justify a new variety rather than a 
strain is difficult to determine. In general, it seems fair to hold t.i}at 
when but one character is changed, a new variety name is not war
ranted. Less confusion will result if the deviating plant is referred to as 
a red, or early, strain of the standard variety. 

A still more exact separation is used in the seed trade. The seed of a 
certain variety from a given sOUllce is given a stock number. Such fine 
distinctions may be of great irqportance to plant breeders and seed 
producers who are trying to keep itheir lines true to type, but usually are 
not of special interest to the grow~r. 

I 

ANNUALS, BIENNII-\LS, AND PERENNIALS 

In the first chapter, we indicated a crude classification of plants
fruit, vegetable, or ornamental-and pointed out some of the inconsist
encies between this classification and'that of botanists and economists. 
There is another classification which has considerable merit, although 
here too there are exceptions and borderline cases. 

Plants which normally live one year or less, proceeding from seed to 
seed in that period, are called annuals. Beans may go from seed to seed 
in two months, while it may require six months for tobacco and longer 
for some other plants. Some plants, while completing one cycle of 
growth in less than a year, may continue to grow indefinitely under 
favorable conditions. Thus the indeterminate type of tomato may be 
kept alive in the greenhouse or in the South for several years, al
though it is generally thought of and grown as an annual. 
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Plants which normally require parts of two years to complete a 
growth cycle are known as biennials. Usually, the vegetative phase 
of growth is made the first year and the reproductive phase the second. 
Thus the carrot, beet, and cabbage normally grow vegetatively one 
year, storing considerable supplies of food materials which are available 
to help produce seedstalks and seed the second season. However, since 
most horticulturists grow these crops for the roots or leaves (head) and 
harvest at the end of the first season, to them they are annual crops and 
many may never have seen some of them in bloom. Some crops may be 
grown as biennials, although they may be as readily handled as annuals. 
Thus pansies may be planted in the fall for early-spring Rowers, and 
early spinach is usually planted the preceding year. Some special tem
perature conditions may inRuence the period of growth required for a 
plant to complete a growth cycle. Celery which is chilled while young 
may proceed to produce seed instead of growing into the fall in the 
vegetative stage. This temperature phenomenon may be referred to as 
preconditioning. 

In spite of all the exceptions and variations, classification as annual 
or biennial· has some value. One might expect that a plant starting 
from seed, and thus with a minimum of stored food, would develop 
less rapidly in the spring than one which developed a good root system 
and stored food the previous season. Thus most early-blooming Rowers 
and some early vegetables are biennials or perennials, while late crops 
are more frequently annuals. 

Plants which normally live for more than two years are called 
perennials and include both those whose tops die down (herbaceous 
perennials) and those with stems which live on (woody perennials). 
Asparagus, rhubarb, and daffodils are examples of plants that have 
stems which are annual, but roots and crowns which live on indefinitely 
and thus reproduce themselves. These tops die down even in areas or 
under conditions favorable for growth. The more common trees, shrubs, 
and vines are woody perennials and have tops and roots which persist 
indefinitely. There are also those plants which have tops which are 
biennial, such as most raspberries and blackbernes. With these plants, 
a shoot develops the first year, fruits the second, and then dies. Mean
while, a new shoot is developing to carry the crop the third season. 
The roots live indefinitely. 

As with annuals and biennials, there are cases where cultural prac
tices or climatic conditions may affect the way in which a crop de
velops. Thus the strawberry is frequently grown as a biennial, although 
it is a true perennial and may be so grown commercially. 
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PLANT STRUCTURE 

Plants are made up of many small units called cells. They are of 
several types, have special functions, and may be combined into tissues 
which, in turn, combine to form specialized plant organs such as roots, 
stems, leaves, flowers, fruits, and seeds. At least a limited knowledge of 
cell structure and activity in higher plants will permit a better under
standing of certain horticultural practices. 

cell woll 

\r 
" FIG. 2-1. Diagrammatic presentation of relatively young cell with inclusions. As the 
cell becomes older, the several vacuoles will tend to combine to occupy most of the 
center and the cytoplasm with the plastids to be located just inside the wall. 

The Cell. The newly formed cells are' quite similar. In cross section, 
they tend to be rectangular in shape and consist of a thin membrane, or 
cell wall, which encloses the organized living, granularlike material 
known as protoplasm. The protoplasm can be_diHerentiated into cyto
plasm, plastids, and a more or less spherical and rather dense structure 
known as the nucleus. This nucleus is of special importance because it 
carries the chromosomes, which, through division, permit an increase in 
the number of cells and account for the transmission of heredity. Sur
rounding the nucleus is the thin gelatinouslike material known as cyto
plasm, which, through a streaming action, may assist in the movement of 
dissolved plant nutrients and food. In the mass of the cytoplasm are 
found certain bodies known as plastids, which may contain stored foods 
such as starch, fats, and proteins and various pigments. The green color 
of leaves is due to chlorophyll .contained in plastids called chloroplasts. 
It is these bodies which utilize the sun's energy, in a process known as 
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photosynthesis, to produce sugar from carbon dioxide and water. This 
process will be discussed in more detail later. Also within the body of the 
cytoplasm, one or more sap cavities, or vacuoles, are to be found. Vacu
oles contain a solution of organic and inorganic substances ordinarily 
referred to as eel! sap. In young cells, several small vacuoles are normally 
present. As the cell matures, these may come together into one large 
vacuole which increases in size until it involves most of the space within 
the cell wall. Small oil droplets are sometimes present, and other inclu
sions such as starch, proteins, silica, calcium oxalate, and calcium carbon
ate may occur. Cells may continue to live or may gradually lose the living 
protoplasm and function as conduction or strengthening structures only. 
Some of the more common cell types and their modifications will be men
tioned. 

Types of Cells. The simplest and, in most cases, most numerous cells 
are called parenchyma. They are usually thin-walled, contain living proto
plasm, and are capable of division. The growing tips of roots and stems 
are ordinarily made up of parenchymous cells. These cells are found in all 

c 

B 
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FIG. 2-2. Diagram of simple cells: (A) parenchyma; (B) collenchyma with thickened 
walls; (C) thick-walled stone cells; (D) fibers. 

organs of the plant and may be modified to form the epidermis, or out
side layer, of young stems, roots, leaves, and fruits. The cells are ordi
narily capable of considerable stretching, and this allows for the rapid 
increase in size occurring with some fruits such as cherries and berries. 
Under certain conditions, relatively old parenchyma cells divide to form 
new cells and tissue. The wound tissue which ordinarily forms following 
mechanical injury is a good example. 
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A second type of somewhat elongated cell ha'i thickening strands along 
the sides and in the corners which make for strength. These so-called 
collenchyma cells normally have protoplasm even when mature and are 
frequently found beneath the epidermis of herbaceous stems and in the 
petioles and midribs of leaves, providing early supporting tissue. The 
sLings in celery are ordinarily made up of these cells. 

Some parenchyma cells develop extemely thick hard walls, forming 
fibrous or stony cells called 8clerenchyma. Greatly elongated scleren
chyma cells may occur in groups called fibers. They are important from 
the standpoint of strength. More nearly round sclerenchymous cells occur 
in groups to form the grit cells of pears and the hc;u-d shells of nuts. Such 
cells cease to have living protoplasm when mature. 

Conducting Tissue and Cambium. Specialized tissues function in the 
conduction of water, nutrients, and plant foods. Together, these groups 
of cells, known as xylem and phloem, comprise a vascular system which 
serves to connect the roots through the stem with leaves, flowers, and 
fruits. The xylem tissue has highly specialized elongated cells which con
duct water and are known as tracheids and vessels. There are fibers and 
somewhat thickened parenchyma cells also. Of these, only the paren
chyma cells are liVing. The phloem tissue, which conducts manufactured 
foods and, together with the xylem, nutrients, consists of long, rather 
large-diametered living cells known as sieve tubes, dead fiber cells, and 
living parenchyma cells. Some of the latter are somewhat modified, 
called companion <;ells, and closely associated with each sieve tube. 

cambium---*HH 

phloem ----'tftt 

bark---II 

~~~'-:~~~r-heart wood 

HHI---:tI*-NI..-- pith 

I-,f-Nlhf-- sap wood 

FIG ... 2-3. Cross section of woody stem. (Fram E. P. Christopher, "The Pruning Man
ual, The Macmillan COlllpCIIII/. 1954. Used with permission of The AlacmillclII Com-
pany.) •. 

In some plants such as the tomato, celery, and corn, having herbaceous 
stems, the vascular tissue is found separated or together in small 
groups and may be distributed rather generally or according to Cl def
inite pattern. The woody stem is made up almost entirely of vascular 
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tissue. The xylem forms the wood, and the phloem the outer, or 
bark, tissue. They are separated by a single, highly active layer of 
cells called the cambium. By repeated division, the cambium lays down 
new xylem cells on the inside and new phloem cells on the outside. 
The innermost, or older, layers of xylem may lose their ability to con
duct effectively. This tissue, which still functions for storage and 
strength, is called the heartwood. In the very center, the collapsed 
parenchymous pith cells may be discerned. The older phloem tissue 
may develop thickened corky walls, die, and finally be sloughed off. A 
special type of cell may form in the older phloem tissue of woody stems 
and function as a "cork cambium." Layers of cells are formed both in
side and outside of this layer as with the other cambium layer, but in 
this instance, most cells are developed on the outside. The winged 
euonymus (Euonymus alatus) and the cork oak (Quercus suber) are 
extreme examples of this type of activity. 

Annual Rings. Since cells laid down by the cambium in early spring are 
usually larger than those produced later in the season, an appearance of 
concentric rings develops. Counting these rings is a means of determin
ing the age of a tree. In case of uneven water supply and with some ever
green plants, two or more growth flushes may occur in one year, and thus 
"false" rings may develop. However, the early flush is usually distinctive 
enough to the careful observer. 

The age of perennial plant parts may be determined by another type 
of so-called annual rings. It is formed by the scars resulting from the loss 
of terminal-bud scales on shoots. This group of scars gi"es the appear
ance of a ring between the longitudinal growths of the several seasons. 
The old marks become less obvious with time, and :G.nally may not be 
recognizable on most plants. However, with trees such as the pine, 
which develops a group of side limbs from the terminal bud each year, 
the age may be determined hy this means for many years. In our discus
sion of the bearing habits of certain fruit plants (Chapter 11), the story 
of past behavior which may be read from the growth of a short shoot 
called a spur will take on considerable importance. 

Meristems. In our discussion of the vascular tissue, mention was made 
of a layer of cells called the cambium which divides to develop cells of 
two types. Cells which are capable of division are spoken of as meris
tematic, and the areas of dividing cells as meristems. The division of cam
bium cells is in one plane only and results in an increase in diameter
of the stem involved. Meristematic tissue which divides in several planes 
is located at the apex of shoots and roots. It is through division and sub
sequent development of these apical cells that growth in length of both 
stems and roots occurs. Lateral meristems on both roots and shoots pro
vide for the formation of side branches. There are three general stages of 
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FIG. 2-4. Cross section of a pine trunk showing a series of annual rings. The number 
of these rings tells the age of the tree. The distance between rings tells of the rapidity 
of growth. In this diagram, it is obvious that growth slowed down after about 16 
years. In this case, the difficulty was crowding, and tree thinning should have been 
done before the growth rate was seriously reduced. (From E. P. Christopher, "The 
Pruning Manual," The Macmillan Company, 1954. Used with permission of The 
Macmillan Company.) 

development. The initial cell division is followed by a period of cell en
largement, and finally by differentiation of the parenchymous cells into 
the several other types mentioned above. In general, once cells have be
come differentiated, they are permanent and incapable of further change. 
This is not an absolute rule, however, sint:e, as noted above, fully 
matured phloem parenchyma cells may divide to develop corky bark 
tissue. When wounding of a stem occurs, cells apparently fully ma
ture may function in the regeneration of the tissue. 
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The three stages of growth mentioned above may be readily ob
served in a rapidly growing root tip. If the root is divided into three 
sections of equal length and marked for observation, it will be noted 
that the extremity' increases in size greatly, the middle portion to a 
smaller extent, while the older third may increase little or not at all. In 
examining a root, it will be noticed that the formation of roothairs is 
somewhat back of the tip where the maximum increase in size is taking 
place. With a young developing stem, especially one with leaves, it will 
be noted that the distance between leaves increases at a declining rate 
from tip to base. Obviously, the area where the greatest increase in dis
tance occurs is the area of greatest cell-division activity. The mod-

FIG. 2-5. Genninating seed showing roothairs developing near root tip (left). Note 
that increase in length occurs most rapidly near the. growing point (center) and that 
roothairs are continually produced near the growing point and die soon thereafter 
(right). 

erate amount of length increase corresponds with the zone of cell 
enlargement. When the cells become mature and differentiated, no in
crease in distance takes place between the leaves. Once a stem has 
gone through these stages of development, increase in size occurs only 
from the single-plane division which results in an increase in diameter. 
The periods of active cell division may be controlled by both external 
and internal conditions of the plant. The growth of root tissue is con
trolled primarily by the external conditions of temp~rature, moisture, 
and fertility, while the growth of stems may be limited also by a con
dition which will be discussed in some detail later and is referred to as 
rest. 

Roots. The root system of most plants is that portion which is found 
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underground and is responsible for the functions of physical support, 
storage of food materials, and the absorption of water and the chemical 
elements utilized in the nutrition of the plant. There are a few excep
tions such as the aerial roots of orchids and the underground storage 
stem of the common Irish potato. However, an understanding of the 
usual types of roots and their function is of most importance at this time. 
The type of root system, its size, and depth of penetration are influenced 
by heredity, soil texture, structure and microflora, fertility, the water sup
ply and its location, and competition. The factor of heredity is probably 
the most important, and thus a walnut tree will ordinarily develop a 
definite taproot, with relatively few side branches, which will penetrate 
to a great depth. An apple tree, on the other hand, does not have a tap
root system, but develops a much-branched lateral root system which 
also may penetrate to considerable depth. The root of the carrot will be 
considerably thickened, while that of lettuce is entirely fibrous. 

Modifications of the normal type of root may be caused by a high 
water table, which prevents deep rooting; by the competition of crowd
ing plants, which limits the usual lateral development; by high fertility, 
which may result in a relatively restricted root system; or low fertility, 
which may result in few side branches and relatively long roots. Poor soil 
air conditions ordinarily result in relatively less root growth and poor 
branching. 

Functions. The physical support of plants is influenced by the depth 
and extent of lateral root development. This function is of great im
portance with trees, but of relatively little importance with most annual 
flowers and vegetables. The absorption of water and nutrients by the 
roots occurs almost entirely through roothairs which develop as pro
liferations of single epidermal cells just behind the growing point. It 
is these thin-walled cells which grow in great numbers between the soil 
particles and increase the surface for the absorption of water and 
chemical elements as mU(;h as twenty times. Adequate soil air (oxygen) 
is required for their best development. Because they are developed 
just behind the root tip and live only for a short time, the area of soil 
most actively exploited constantly changes as the root system lengthens. 
The roots provide for the conduction of water and nutrients from the 
absorbing areas to other portions of the plant. 

When plants are removed. from the ground, roothair cells are usually 
broken and the surface capable of absorbing water and nutrients is 
greatly reduced. The capacity of a plant to renew roothairs is an im
portant factor determining the success or failure of the transplanting 
operation. The regeneration of roothairs is a function of both food 
supply and heredity. Plants well supplied with carbohydrates wiJI de
velop a new set of roothairs more rapidly than plants less well suppliep. 
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Some plants, such as the tomato, will develop new roothairs from old 
root tissue rather readily. The older roots of plants such as the cucumber 
and squash seldom develop new roothairs and, as a result, are very dif
ficult to transplant successfully. 

The degree to which roots serve as a storehouse for food varies. It 
is an especially important function with such biennials as the carrot, 
beet, turnip, and such other plants as the Oriental poppy, sweet potato, 
and asparagus. With trees and shrubs, this function is shared with 
the trunk and stem of the plant, which also persist. The form in which 
the food is accumulated differs, starch being a very common storage 
material. However, with the sugar beet and sweet potato, sucrose (ordi
nary table sugar) is the usual storage form. Fats and proteins are other 
forms in which reserve food may be accumulated. As growth begins in the 
spring, there is a movement of soluble stored food material from the 
roots to the top, where it is utilized in the production of new tissue. 

At the time when normal top growth ceases, the supply of stored food 
in the roots is low, or even exhausted. FollOwing the cessation of active 
top growth, an accumulation of carbohydrates and other stored foods in 
the roots begins again, and by the time of normal leaf fall, the supply 
may be considerable. It is important to know of this movement of food 
materials because of its relation to the effect of pruning at different 
seasons of the year. When cutting is done in the early spring or late 
winter, while there is an adequate supply of stored food in the roots, 
recovery is quite rapid. A similar severity of cutting late in the summer 
season, when the stored-food supply in the roots is at a low level, will 
result in dwarfing of the tree or shrub. Brush cut in August shows less 
sprouting than that cut in March. 

The Stem or Trunk. That portion of a plant which connects the roots 
or underground portion with the leaves and Howers is commonly called 
the stern, or in trees, the trunk. It may be long or short, thick or thin, up
right or recumbent, rigid or Hexible, depending upon the species and 
the training practiced. A good forest tree has an unbranched trunk, or 
bole, ot great length. The stem, or trunk, of the orchard tree is branched 
at a lower level, but is, nevertheless, upright and of considerable size and 
prominence. However, the stem of the onion and strawberry is a short, 
thick plate, serving little more than a place for the connection of roots 
and leaves. The stem of the squash or cucumber may proceed for a con
siderable distance along the ground, while that of the grape and bitter
sweet is frequently found attached to, or encircling, any available sup
port. 

In spite of many variations in form and size, all stems pedorm cer
tain functions. Stems provide the physical connection which allows for 
the transportation of water, nutrients, and manufactured foods from 
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wafer sprouts 

crown sucker 

lop root 

FIG. 2-6. The major gross structure of a tree. (From E. P. Christopher, "The Pruning Manual," The Macmillan Company, 1954. Used with permission of The Macmillan Company.) 
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the roots to the leaves. In most instances, they serve to support a large 
number of leaves well exposed to the sun. The stem often forms an im
portant storage organ. As has been noted earlier, it may be the stem that 
has economic value. 

The tissues making up the stem are similar to those found in the 
root, although the proportion of each may differ. Longer fibers and 
other supporting tissues are found in a woody stem which supports a 
tree of some size. The protective tissue of a stem is likely to be in greater 
volume than is the case in the roots. One of the major differences be
tween the stem of most plants and roots is that the former is character
ized by the presence of nodes, or joints, at which point normal branch
ing occurs. The point of union between the trunk and the roots is 
frequently referred to as the crown. The crown of some apple tree 
varieties is very susceptible to winter injury and the attack of cer
tain fungi. The term C1'Own has several meanings, and therefore its use 
may lead to some confusion. Foresters ordinarily refer to the portion 
of a tree where branching occurs as the crown, to distinguish it from 
the straight trunk portion, or bole. Ornamentalists may speak of the 
spreading top of a tree as the crown. 

The stem or trunk of trees and many shrubs is subdivided several 
times. The main subdivisions are generally referred to as scaffold 
branches. The area where the first branching takes place is often 
called the "head" and may be very pronounced, as with the Camper
down elm, or indistinct, as with a tree which has been carefully trained 
to avoid the development of several branches close together on the 
trunk. These scaffold branches are further subdivided, and ultimately 
the smallest bear the buds, leaves, flowers, or fruit, depending upon the 
plant concerned and the season of the year. As with the trunk, these 
subdivisions provide physical support and conduction channels for 
water, nutrients, and the manufactured foods. To a limited extent, they 
also may perform the function of storage. With deciduous p~ants, stored 
food in a branch increases resistance to cold injury. A section through 
an old branch or trunk frequently reveals an area of dark-colored wood 
in the center. This wood is less active from a physiological standpoint, 
and the color is due to the deposition of various waste products. This 
heartwood continues to function in support and, to a limited extent, in 
the storage of food materials as long as it is free of infection. The age at 
which heartwood begins to develop varies with the species and is 
proportionately less in an actively growing tree. It is a desirable type 
of wood from the standpoint of the forester, but is of no value to the 
orchardist and does present certain hazards. Since heartwood is phys
iologically inactive, wounds through this tissue do not heal readily and 
are therefore more likely to become diseased. In pruning, it is desirable, 
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where possible, to remove only small limbs which have not yet devel
oped heartwood. When this is not possible, protection from the weather 
and from the invasion of disease organisms is particularly important. 
While making pruning cuts, it may be noted that the amount of sap
wood varies on different sides of the branch, indicating different rates 
of growth. Growth on the inside of a crotch is usually less rapid, 
probably because of poorer vascular connections. This slower growth 
is frequently associated with less stored food and greater susceptibility 
to winter injury. 

A B c 
FIG. 2-7. Side branches at A appear widely spaced, but are beginning to crowd at B. The removal of unnecessary side branches promptly and with a smooth cut favors healing and fewer knots in lumber. 

As stated earlier, a growing tip goes through three stages of develop
ment, namely, rapid division, an expansion of individual cells, and 
finally maturation when only differentiation may occur. Lateral meri
stems, producing side branches, may develop while the main stem is 
still expanding. If this occurs, the distance between branches will in
crease until such time as the original shoot tissues become mature. Once 
the tissue of the main branch matures, the distance between side 
branches remains constant for the life of the plant. It is very important 
that this concept be clearly understood. It is fundamental to training 
practices to avoid too close spacing of side branches and the formation 
of poor crotches on young trees. If observation of a mature tree in-
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dicates that the first branch should be 2 feet, or in the case of a shade 

tree 8 feet, from the ground, branches with this spacing must be se

lected at the beginning. The center portion of a side limb will always 

maintain the same position relative to the ground and adjoining 

branches. However, since there is increase in the diameter of the trunk 

and the side branches, eventually they may appear to be much closer 

together and may actually interfere. The importance of this will be 

discussed further under pruning techniques for fruit trees covered in 

Chapter 11. 
We have discussed the more common type of stems. It should be 

noted that there are many variations. For example, the cypress tree has 

a greatly expanded area near the crown which provides more adequate 

support. The corn plant may develop branches from the main stem 

called tillers, which give added support to the plant. (These are more 

properly called prop, or aerial, roots, although coming from the stem 

aboveground.) With kohlrabi, the stem is enlarged to a fleshy bulb 

aboveground and is the portion eaten. With the potato and some other 

plants, certain modifications of stems occur which function for the stor

age of food materials and for propagation. These are but a few of the 

many variations in stems. 
Leaves. Leaves are modified stems which normally function in food 

manufacture. They vary conSiderably in size and structure, but consist 

essentially of layers of palisade cells containing chloroplasts and some 

spongy parenchyma cells, both being enclosed by layers of epidermal 

cells protected in varying degree by a waxy layer called the cuticle. 

Vascular tissue is continuous from the roots through the stem .and 

branches to the individual leaves. There are small openings through the 

epidermis of the leaves, in most cases most numerous on the lower side, 

known as stomata. These tiny openings are bordered by two special

shaped cells containing chloroplasts, known as guard cells. By responding 

FIG. 2-8. The diagram at the left shows a cross section of a leaf, including a vascular 

bundle composed of phloem and xylem cells which have a direct connection through 

the branches and trunk with similar tissue to the absorbing roots. The diagram at 

the right indicates the passage of water or nutrients through the roothairs to the 

vascular tissue. 
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to nutrient and light conditions which increase or decrease turgidity, 
they open or close the aperture. The carbon dioxide utilized in the manu
facture of carbohydrates and much of the water lost through transpira
tion pass through these tiny openings. The rate of gas exchange may also 
be influenced by such modifications as hairs, a sunken position, heavy 
waxy cuticle, the number of stomata per unit of surface, etc. 

The common leaf conSists of the blade (flat portion) and the stem 
or petiole by which the blade is attached to the branch. An abscission 
layer of parenchymous cells may form at the base of the petiole toward 
the end of the season or following adverse environmental conditions, 
resulting in the falling of leaves and fruits. Horticulturally, this abscis
sion layer is of great importance, and, as will be indicated later, control 
of its formation has important economic application. 

Flowers. Flowers are special shoots bearing modified leaves which 
typically occur in four whorls, or parts, on a broadened stem tip called 
the receptacle. Working from the outside, the parts include sepals, con
stituting the calyx, petals, making up the corolla, the stamens (male), 
and the pistil (female). A flower containing all these parts is spoken of 
as being perfect. Flowers lacking the female portions are called stami
nate, and those lacking the male parts are called pistillate. The male por
tion, or stamens, of the flower consist of two parts: a stalk, often called 
a filament, and the anther, which produces numerous pollen grains that 
are liberated at maturity. The individual female part consists of the 
ovulary, a connecting stalk called a style, and the top, or tip (which 
may be divided), called the stigma. The ovulary contains one or more 
ovules which produce an egg cell which may be fertilized by a male cell
( gamete) formed in the pollen grain to form a zygote. The location of 
the male portion in relation to the stigma may influence pollination, a 
subject to be discussed in some .detail in the chapter on Tree Fruits 
(Chapter 11). 

Plants with perfect flowers are called hermaphroditic and include 
such commonly known horticultural crops as the apple, grape, straw
berry, cranberry, citrus fruits, cabbage, radish, carrot, tomato, bean, 
chrysanthemum, violet, and snapdragon. Plants having both pistillate 
and staminate flowers are called monoecious and include, among 
others the pecan, walnut, filbert, chestnut, cucumber, muskmelon, 
pumpkin, squash, watermelun, and sweet corn. Plants having either 
pistillate or staminate flowers are spoken of as being dioecious and in
clude the holly, persimmon, certain varieties of muscadine grape, date, 
spinach, and asparagus. 

The pOSition of the ovulary in relation to the calyx may influence 
the character of the developing fruit. With the apple, the ovulary de
velops below ( inferior) the calyx, and thus the rudimentary sepals 
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persist on the mature fruit and are a part of the so-called cavity. With 
the peach, however, the ovary develops above (superior) the calyx, 
and the sepals are not evident on the mature fruit. Flowers may open 
at the same time, or practically so, as with the apple, peach, and 
quince, or progressively, as with the tomato, currant, snapdragon, or 
gladiolus. When flowers open at about the same time, the fruits or 
seeds can be expected to mature at about the same time also. When 
blossoms open over a considerable period of time, variations in fruit
maturity date can be expected. Thus the fruits of the tomato from a 
given flower cluster (hand) ripen one at a time over a considerable 
period of time. Moreover, with this plant and others including the 
cucumber and melon, there is a succession of flowers or flower clusters 

A B 
FIG. 2-9. The diagrams at A show the inferior ovulary flower of apple together with 
resultant fruit. A similar relationship for the superior ovulary peach is shown at B. 

produced so that production may extend over a considerable portion 
of the season. With citrus fruit, flowers may be produced in two to 
three periods (flushes) during the year. This results in the fruit ripening 
over an even longer period of time. 

There are both advantages and disadvantages in a crop maturing 
over a long period. For the home gardener, maturity over a period of 
time prolongs the harvest season and is considered desirable. For the 
canner, however, the production of the bulk of the crop at one time is 
very important since it allows once-over machine harvesting. To reduce 
harvesting costs, plant breeders have made selections to secure beans, 
peas, sweet corn, etc., which mature at about the same time. Additional 
plantings of the crop are used to lengthen the harvest season. 

Many horticultural plants are grown for the aesthetic value of the 
flowers rather than for the production of seeds and fruits. The selection 
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of such plants is based on size and color of petals and similar char
acteristics. With some plants, modified leaves are the showy portion and 
the flower itself is relatively inconspicuous. The violet and the Christmas 
poinsettia are common examples. The receptacle subtending some blos
soms may be greatly enlarged so that a number of small ovules develop 
an aggregate fruit around a central core to which they may adhere at 
maturity, as with the blackberry, or separate, as with the raspberry. 
The actual fruits of the strawberry are the tiny seedlike achenes on the 
outside of a greatly enlarged receptacle. Close observation of the straw
berry flower will show how this development occurs. 

Fruit. In the production of horticultural fruits, many vegetables, and 
seeds, the development of the ovulary following fertilization is important. 
Many variations occur. The portion of the apple and peach eaten is of no 
importance as far as the plant itself is concerned; that is, the seed neces
sary for propagation, in each case, is a small portion of the total and not 
eaten. It is the fleshy receptacle which is of value to the horticulturist. 
In almost all cases, however, the satisfactory development of the fruit 
receptacle depends upon proper fertilization and seed development
one common exception being the Navel orange, which develops without 
seeds. There is ordinarily a positive correlation between fruit size and 
the number of seeds produced. 

While we commonly think of the apple, pear, and orange as fruits, 
actually, of course, the bean, pea, tomato, squash, and cucumber are 
fruits, too, although we grow them as vegetables. A fruit, then, is the 
ripened ovulary, together with any accessories which may adhere to it. 
The fruit of the beet is usually handled, sold, and referred to as the 
seed. Actually, the so-called beet seed is an aggregate fruit and may 
include several seeds. It is used for reproduction only. The rose hips 
on Rosa rugosa are, of course, the fruits of that particular shrub. With 
many flowering plants, the development of the fruit or seed pod· 
should not be permitted since it requires considerable plant food and 
does not add to aesthetic values. When practical, the blossoms should 
be picked off as soon as they have faded. With plants which have a suc
cession of bloom and fruit, it is important that they be picked as soon 
as they are mature since the presence of maturing fruit tends to slow 
up the development of new flowers and fruits. The removal of faded 
blooms from the flower garden is thus not only aesthetically desirable 
but horticulturally correct as well. 

Buds. All shoots and flowers originate from buds. Buds may consist of a 
mass of undifferentiated cells or highly developed compact structures 
containing differentiated but unexpanded shoots, leaves, and/or flowers. 
They are of several types from the standpoint of position and structure. 

Terminal and Lateral Buds. Buds may be formed at tlie end of a shoot 
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of varying size, length, and position or laterally, that is, on the 

side of such a shoot and ordinarily in the axil of a leaf. Generally, 

tenninal buds are larger and more vigorous. They may provide for the 

vegetati\-e extension of the plant or, especially if on short shoots or 

spurs, give rise to flowers and fruit. Lateral, or axillary, buds are rela

tively much more numerous and may produce side branches or shoots, 

leaves, flowers, and fruit, or may fail to grow for an indefinite period of 

time. 

FIG. 2-10. Age of shoot and spur may be detennined by "annual rings." Shoot has 

two rings (A) and thus shows wood one, two, and three years old. Spur shows four 

rings (A) and therefore has wood one to five yeals old. Thus spur had flowers and 

probably fruits twice at B. (C) Buds appeal to be flower buds, and (D) vegetative 

buds. 

It is fortunate that all lateral buds do not grow into new shoots, since 

severe crowding would occur. The lateral buds which fail to start the 

first year are spoken of as being dormant. If not forced into growth the 

second year, they are spoken of as latent. As the branch increases in 

size, these buds may become buried in the bark tissue and thus are not 

readily seen. However, connection with the vascular tissue is main

tained, and under certain conditions these buds may be forced into 

growth. 
Adventitious Buds. As noted earlier, cambium cells are largely re

sponsible for the healing of wounds and may also initiate other types of 

cells. Under some conditions buds may be developed on either root or 

stem. While frequently associated with an injury of some kind, this is 

not necessarily the case. Buds developed in this way are called ad

ventitious. 
Mechanical injury to roots by rodents or cultivation equipment fre

quently results in shoots developing from adventitious buds on apple 
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or blackberry roots. Notching grape canes before placing them in the 
ground will increase the chance of a new plant being produced. When 
the veins on the leaves of Bryophyllum are cut, adventitious buds and 
new plants may result. Heavy pruning or fertilization will also induce 
new shoot development from either latent or adventitious buds. It 
may be difficult to determine which is involved. 

Simple and Compound Buds. Buds are of three general types. There 
are simple buds which give rise to vegetative growth only, others 
which develop a stem with a flower or cluster of flowers and so-called 
mixed, or compound, buds which produce both leaves and flowers. The 
first is spoken of as a leaf bud, and the second as a flower bud, or in
florescence. The third is also at times incorrectly called a flower bud, 
but is correctly termed compound. 

Bud type and development varies with the species. Buds may be 
borne singly at a node, as with apple, or in a group of considerable 
number, as with sour cherry. With apple, the compound bud gives rise 
to a group of leaves and five blossoms. With the cherry, a mass of 
separate flowers appear close together. With peach, the true axillary 
bud is a leaf bud. Borne to one or both sides of this leaf bud are 
accessory flower buds. With grape, there may be secondary and, oc
casionally, tertiary compo~nd buds formed, in addition to a large 
primary bud. In case anything happens to destroy the first, growth 
will be taken on by the second. While growth is progressively weaker, 
complete loss of crop does not result from the first bud being injured. 

Suckers and Water Sprouts. Several other gross structures commonly 
found on plants should receive attention. Suckers and water sprouts are 
growths commonly found on trees ·and shrubs. Suckers are considered 
as leafy shoots arising at the crown of the tree or from the roots at a dis
tance from the crown. They ordinarily develop from adventitious buds 
and have the same genetic characteristics as the root system. With own
rooted plants, the growth from suckers is the- same as that of the top of 
the p!ant: With grafted material, however; the sucker growth may be 
quite different from the top growth. Suckers ordinarily have excellent 
connection with the roots and may grow faster than shoots arising 
higher on the plant. Thus they rob the original plant of nutrients and 
water and should be eliminated as soon as they appear. With some 
plants, the tendency to sucker is common, for example, raspberry, lilac; 
and locust, while with other plants, suckering is much less common. Suck
ering often occurs as the result of an injury to the roots and is often the 
first symptom of such a difficulty. With grafted plants, suckers from the 
roots will completely defeat the purpose of the graft. Since most fruit 
trees and many hybrid lila(;s, roses, and other shrubs are grafted, the 
prompt elimination of suckers is very important. 
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Water sprouts are strongly growing vegetative shoots arising from ad
ventitious buds on the trunk or larger limbs of a plant. They are the 
same ;'-:ind or variety of plant and will, if given proper treatment, take 
on the same functions of . flower and fruit production as the plant which 

FIG. 2-11. Rapidly growing shoots, called water sprouts, develop from latent or ad
ventitious buds. They are especially troublesome after heavy pruning and when 
stubs are left. 

bears them. Water sprouts are, because of their vegetative nature, 
slower to flower and fruit than most normal branches, but may be de
veloped to replace other branch~s or may be used in propagation. They 
usu~lly occur as a result of heavy fertilization or of heavy pruning, 
whether intentional or caused by limb breakage. Because of their ex-
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treme vigor, they tend to grow upright and crowd. They frequently 
form weak mechanical unions and are usually removed as one Qf the 
first steps in pruning. 

Spurs and Other Specialized Stems. The side branching of the trunk 
and the further branching of these limbs have been discussed. In addi
tion, some plants produce relatively short stubby growths, usually from 
older wood, called spurs. They are similar to small branches as to origin, 
but differ in that they make very short annual growth, usually less than 
y:! inch, even on trees or shrubs producing long terminals. They also dif
fer in appearance in that the leaves appear to be borne in whorls rather 
than spaced one per node as with ordinary terminal growths. Actually, 
with few exceptions, these leaves are at separate nodes spaced very close 
together. In terms of the volume of wood involved, spurs support a very 
large leaf and thus food-manufacturing surface. Many of our fruits are 
borne largely or exclusively from spurs. 

There are a number of other variations in plant structure. A tuber is 
defined as an underground stem, or rootstock, functioning as a storage 
organ. The common potato is the best example of a tuber, and the so
called eyes are the nodes of this underground stem. The strawberry in
creases by plants which develop from slender trailing stems which run 
along the surface of the ground. These runners have relatively widely 
spaced nodes. Rooting and leaf development occur at some of these 
nodes, and thus new plants are developed. Some plants have horizon
tally growing branches in the soil which, at intervals, strike root and 
send up shoots. They are spoken of as rootstocks and rhizomes. Such 
plants spread rapidly and may be easily propagated. The common quack 
grass is one of our most persistent plants of this sort. The horizontally 
growing branch of the iris is also called a rhizome. Some other modifi
cations, such as corms and bulbs, will be discussed in Chapter 5 on 
Plant Propagation. 

GROWTH OF PLANTS 

The classification and structure of plants, fields referred to by the 
botanist as taxonomy and anatomy, respectively, have been discussed 
briefly. The study of the processes of plant growth and change is called 
physiology. A limited discussion of the most important aspects of this 
field is necessary at this point to a better understanding of certain 
horticultural practices. A more detailed consideration of some of these 
will be given in later chapters: influence of length of day or night on 
flowering in connection with growing florist crops (Chapter 10), im
portance of rest period in connection with tree-fruit culture (Chapter 
12), temperature effects on respiration in the discussion of storage 
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(Chapter 17), etc. In studying plant-growth responses, it is impor
tant that the horticulturist develop a proper perspective. It is the art of 
combining most effectively the several controllable environmental in
fluences, such as nutrition, shade, irrigation, cultivation, etc., that makes 
for success. 

Photosynthesis. The basic process of photosynthesis is responsible, 
directly or indirectly, for the production of most food, shelter, and cloth
ing. It is carried on in living green plants from the lowly single-celled 
algae in both fresh and salt water to the most structurally complex horti
cultural crop. The green coloring matter in leaves (chlorophyll) utilizes 
the energy of the sun (photo) to combine (synthesis) the carbon from 
carbon dioxide with oxygen and hydrogen from water to produce simple 
sugars (carbohydrates), from which, through enzymatic action, other 
plant foods and, in turn, tissues are made. While carbon dioxide is present 
in the air in very small amounts (about 0.03 per cent), it is this carbon, 
in combination with various other elements, from which come the sugar, 
starch, cellulose, proteins, fats, etc., which support hfe. Factors influenc
ing the rate of photosynthesis directly include light, carbon dioxide, 
water, temperature, and chlorophyll. Soil fertility, pest control, and other 
factors which influence the number, size, or condition of the leaves have 
an important indirect influence. 

The single factor most frequently determining photosynthetic rate is 
light. Light varies in intensity, or amount, at one time, quality (the 
most effective, red, through the spectrum to the less important, blue-

rSUGAR 

FIG. 2-12. Diagrammatic presentation of essential factors involved in sugal produc
tion through photosynthesis. 
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violet), and duration or exposure period. On a clear ,lay, a well-ex
posed leaf may be subjected to a light intensity of over 10,000 foot
candles. At the same time, a less well exposed leaf may receive less 
than 100 foot-candles. Photosynthetic activity proceeds more rapidly 
with increases in light intensity up to a certain level, which varies 
with plant species. This point may be 1,500 foot-candles with apple, but 
is certainly much lower with African violet. The percentage of availa
ble light striking an individual leaf varies greatly, depending upon 
time of day, of year, and position. Leaves developed in full sunlight 
tend to be relatively thick and may include several layers of palisade 
cells and additional spongy mesophyll well supplied with chloroplasts, 
all functioning in photosynthesis. A leaf of the same plant species de
veloped under conditions of lower light intensity may have but one 
layer of palisade cells. However, the leaf may have a larger surface, 
which compensates, at least in part. With some plants, leaves persist 
even under Iow light intensity (currant, squash, spruce), while leaf 
abscission and death of branches may occur with others (peach, corn, 
pine). The efficiency of light utilization is an important factor in de
termining species selection. Variation between varieties within a spe
cies may be greater than is generally realized. 

The influence of light quality is less important in the growing of 
horticultural crops. The rays at the red end of the spectrum pass 
through ordinary window glass with a minimum of loss, and the ultra
violet light which does not go through is not important to plant growth. 
If artificial light is used for growing plants, light quality may become 
of greater importance, although intensity is more likely to be limiting. 

The influence of length of light exposure is very important, both as it 
determines total volume of food manufacture and as it may control the 
type of growth, especially flower-bud diff~rentiation. Assuming a given 
rate of food manufacture and adequate amounts of the other elements 
utilized in photosynthesis, the amount of sugar manufactured would be 
determined by length of day. In forcing bulbs and starting plants in the 
greenhouse, more time is required early"in the season than is necessary 
later. The plants, under continuous illumination in extreme northern 
( arctic) regions, go from seed through a vegetative phase, flowering, 
and fruit in a very short time. In nature, there are several factors 
which may prevent total food manufacture from becoming a simple 
multiplication of rate determined by light intensity times hours of ex
posure. Limited water supply, inadequate amounts of certain fertilizer 
elements, reduced concentrations of carbon dioxide, excessive heat or 
too low temperature, and the accumulation of carbohydrates may all re
duce photosynthesis. However, the importance of length of day should 
be recognized. 
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Another and more spectacular influence of length of exposure is the 
control of type of growth, especially of flowering. This phenomenon is 
referred to as photoperiodism and has definite commercial application 
(Chapter 10). Some plants normally flower in the spring, others in the 
summer, and still others in the fall. While with some annuals this dif
ference in flowering time may simply be a matter of elapsed time from 
planting, with others and perennials, the length of light exposure, or 
expressed in reverse, the length of darkness, may be involved. With 
some of these plants, the type of growth is almost completely a matter 
of length of light and dark period, while with others, such as green
house stock, the interaction of temperature is an important factor. Thus 
cosmos will flower in the fall, and most varieties of strawberries in the 
spring. The amount, or intensity, of light which will influence a photo
periodic response may be well below that necessary for reasonable 
photosynthetic activity. 

It is possible to increase the rate of photosynthesis by increasing the 
concentration of carbon dioxide. Near industrial cities and over well
fertilized organic soils, the concentration may be several times the more 
or less universal norm of 3 parts per 10,000 by volume. Some attempts 
have been made to increase the concentration in greenhouses, but in 
general, economic factors eliminate this means of increasing food manu
facture. 

The water supply affects photosynthesis both directly and indirectly. 
It is directly involved in that it combines with CO2 to form the simple 
sugars and, indirectly, in maintaining the turgidity of th,~ cells necessary 
for open stomata and active photosynthesis. Water is also involved in the 
translocation of manufactured food out of the leaves, a necessary func
tion if photosynthesis is not to be slowed by an accumulation of products. 

Temperature, at either extreme, controls the rate of food manufacture. 
Above a certain threshold temperature, which varies with plants from 
well below freezing to somewhat above that pOint, the rate of photo
synthesis increases with temperature to about 75°F; above this tempera
ture, the rate again falls off. Under extreme heat, the rate of respiration 
may exceed the rate of photosynthesis, even under conditions of full sun
light. 

The amount of chlorophyll in a leaf has a bearing on the rate of photo
synthesis. However, rate is not proportional to the number of chloro
plasts or volume of chlorophyll, and with good nutrition this factor is sel
dom limiting. Lack of iron or zinc, causing leaf chlorosis, lack of 
potassium or magnesium, causing death of leaf tissue and premature leaf 
abscission, and lack of insect or disease control, which results in dam
aged It'af tissue, all these may reduce food manufacture materially. 
The use of spray materials such as Bordeaux (causing a -hardening of the 
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leaves) or lime sulfur (causing a thickening of the palisade cell walls 
and dwarfing of the leaves) may reduce photosynthesis and thus reduce 
both the quality and size of a crop. 

Many horticultural practices, including pruning, staking, fertilizing, 
cultivation, mulching, and irrigation, are beneficial, primarily or in part, 
as they influence the rate of photosynthesis. 

Respiration. Respiration is a process which occurs continuously in all 
living ceHs of the plant. While photosynthesis is a synthesizing, or build
ing-up, process, respiration is a simplifying, or tearing-down, process. In 
its simplest form, sugar is broken down into carbon dioxide and water 
with the utilization of oxygen and the release of energy. This oxidation 
of organic products ;n living tissue is accomplished at ordinary tempera
tures through the catalyzing influence of enzymes. Much of the energy 
released in respiration is utilized in the synthesis of more complex com
pounds and in the growth of new tissue. The rate of respiration is de
termined, in part, by the available supply and form of food involved, 
that is, sugar, starch, fat, etc. The more complex stored foods (starch and 
fat) have more potential energy th:m simple sugars and, upon being 
broken down, will support respiration for a longer time. 

Temperature is the most important environmental factor influencing 
respiration. The rate may be expected to about double for each increase 
in temperature of lOoF, although there are marked differences between 
species and even varieties within species. As will be seen in the discus
sion of storage (Chapter 17), the control of temperature is of major im
portance in prolonging the shelf life of hortic'lltural products. 

At certain stages of growth (germination and flowering), the rate of 
respiration may be greatly accelerated. Likewise, certain tissues, espe
cially the growing points of both shoots and roots, have a much higher 
rate than the older tissue. For this reason, the exclusion of oxygen from 
the soil during periods of rapid root growth is much more serious than 
a similar condition during the dormant season. 

Respiration may be influenced by other conditions of environment. 
Ethylene gas is known to speed up the respiratory rate of bananas and 
other fruits and may be used to hasten ripening. Mechanical injury such as 
bruising of apples and potatoes and the attacks of certain disease-inciting 
organisms may cause increases, also. Moisture is a very important factor, 
especially with seeds. As long as they are kept in a dry condition, most 
seeds may be stored successfully for years and the respiration rate is very 
slow-often difficult to measure. When moisture is added, changes take 
place which result in greatly increased respiration and the evolution of 
considerable heat. This evolution of heat during respiration may lead 
to lower quality of a product and to danger of nre if the product is confined. 
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Since photosynthesis and respiration are opposite in so many ways, it 

may be well to list certain factors side by side. 

Photosynthesis 

1. Occurs only in the chlorophyl

lous cells of plants. 
2. Occurs only in sunlight or under 

artificial illumination. 

3. Water and carbon dioxide are 

used. 
4. Oxygen is given off. 
5. Food is built up. 
6. Increases weight of plant. 
7. Energy is stored. 
8. A simplified chemical equation 

may be written: 

6C02 + 6H20 ~ C6H1206+602 

Respiration 

1. Occurs in every living cell of 

both plants and animals. 

2. Occurs all the time. 

3. Water and carbon dioxide are 

produced. 
4. Oxygen is used. 
5. Food is destroyed. 
6. Decreases weight of plant. 

7. Energy is released. 
8. A simplified chemical equation 

may be written: 

C6H120 6 + 602 ~ 6C02 + 6H20 

SOlffiCE: E. C. Miller, "Plant Physiology," McGraw-Hill Book Company, Inc., New 

York, 1931, p. 740. 

The balance between photosynthesis and respiration has an influence 

upon the rate of growth and the development of desirable qualities in 

certain horticultural crops. The cool clear days of fall are favorable for 

rapid photosynthesis and low respiration, resulting in an accumulation 

of carbohydrates necessary for good development (anthocyanin in ap

pIes). The relatively cool nights in the fruit-growing valleys of Washing

ton are credited with being an important factor in the high yield of 

fruit. Less of the food manufactured during the day is lost through respi

ration at night. Cool night temperatures in the greenhouse are favorable 

to better flowering and stocky growth of carnations. On the other hand, 

corn and melons may fail to grow satisfactorily until the nights are warm 

and increased respiration releases additional energy for growth. The 

variations in adaptability of both species and varieties are great. 

Transpiration. Water loss in the form of vapor from plants and living 

plant products is called transpiration. It is very important in both the 

growth and maintenance of quality in crops. While the greatest amount 

of water is lost through the leaves and specifically through the stomata, 

appreciable amounts may be lost through the other leaf surface and from 

stems, trunks, and flowers or fl uits. 

Water loss is governed largely by the environmental factors of tem

perature, humidity, and air movement. The speed with which water is 

lost depends upon differences in vapor pressure inside and outside the 
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tissue and the ease with which movement from one to the other may be 
effected. The greater the difference in vapor pressure, the more rapid 
the loss of water through transpiration. Vapor pressure and vapor-pres
sure deficit may be more clearly understood from the folloWing explana
tion. An exposed surface of water will always lose moisture to the air. 
This is because some of the molecules break through the surface during 
their constant movement. Unless the air is saturated with moisture, in 
which case an equal number of molecules will pass from the air to the 
liquid, a net loss will occur. The rate of loss may be increased by heat, 
and under conditions of high-enough temperature, the water vapor may 
come off as steam and exert considerable demonstrable pressure. All 
water, whether a liquid or a vapor, has a definite vapor pressure which 

-tJ-~ -f HEAT 

FIG. 2-13. Transpiration is increased by sunlight, heat, dry air, and wind. 

increases with temperature and per cent saturation. The difference 
between the vapor pressure of two masses of air is called the vapor
pressure deficit of the one with the 10 Ner value, and the greater this dif
ference, the more rapid the movement toward equalization, and thus 
water loss. 

It may be assumed that the air in intercellular spaces within the tissue 
is saturated and therefore could have no vapor-pressure deficit, while 
the air on the outside is almost always unsaturated and has a vapor
pressure deficit. Since the capacity of air to hold water increases with 
temperature, the warmer the air, the greater the vapor-pressure deficit 
even when the same relative humidity-a percentage measure of satura
tion-may exist. The movement of water vapor is by the process called 
diffusion. One might think of the difference in vapor pressure as a slope 
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and the rate of diffusion accelerating much as water does running down 
a slope, more rapidly with increasing steepness. 

Low humidity (dry air) also increases the gradient and thus the rate 
of water loss. A breeze, by removing the nearly saturated air layer next 
to the leaf, maintains a greater difference and thus speeds up water loss. 
Any device, natural or artificial, which reduces heat, increases humidity, 
or reduces air movement helps to reduce transpirational losses. Also, any
thing which will affect the transpiring surface may be expected to in
fluence the total water loss from a plant. In some plants, the trunk, 
branches, and even fre leaves are heavily protected by thick bark or a 
heavy waxy layer. The stomata are less numerous on some plants and 
sunken on others. Young leaves have more stomata per unit surface than 
leaves of the same species when mature. The development of protective 
cuticle-a waxy layer on the surface of leaves and fruits-seldom occurs 
until maturity is approached. These facts partially explain why the tips 
of immature shoots wilt first on a hot dry day when conditions are fa
vorable to rapid water loss. 

A windbreak may be enough to prevent the canes of raspberries 
from losing so much moisture in winter that they die. A wrapping of 
cloth about the trunk of a" newly planted tree will reduce both tempera
ture and air movement, and thus water loss. Shading cuttings and nurs
ery stock, painting tree trunks white to reflect heat, spraying plants with a 
wax emulsion, and the removal of excess foliage are all devices used to 
control transpirational losses and often make the difference between life 
and death of the plant during critical periods. 

Translocation. As indicated earlier, the vascular tissue (xylem and 
phloem) functions to carry water, nutrients, and manufactured foods 
from one part of the plant to the other. This movement is known as 
translocation. When large volumes of water are being lost from the plant 
by transpiration, it is essential that the roots not only take in the neces
sary replacement water from the soil, but that the water be carried 
rapidly to the deficit areas in the plant. It is generally agreed that xylem 
tissue is primarily concerned with this water transfer. The maintenance 
of a large volume of xylem tissue in good condition is essential to rapid 
plant growth. Slowly growing plants may have relatively little active 
xylem tissue. Such a limited conduction system does not allow for rapid 
movement of water when oilier growth conditions are favorable and so 
may result in a stunting of the plant. 

A reduction in the supply of water and nutrients brought about by re
stricting the conducting tissue is one way of securing dwarf fruit trees, 
but is often a serious handicap in the growing of cabbage and to
matoes. The slow growth may be due to genetic factors (special slow
growing stocks) in the first instance and to poor early-growing condi-
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tions in the second. Winter injury to xylem tissue may cause sufficient 
reduction in water movement to cause death of fruit trees during the 
period of high transpirational loss often encountered in early summer. 
While reduction in the rate of water movement may cause more spectac
ular results, restricted intake and translocation of the various plant 
nutrients is also serious under some conditions. 

The rate of translocation is influenced by temperature as well as by 
cell size (diameter and length). The rate of water uptake from a cold 
soil is low, and the freezing of the trunk of a tree or shrub during 3X

treme cold weather may prevent movement of sufficient moisture to 
keep the top alive. 

The translocation of dissolved foods normally takes place in the 
phloem. Interference with this movement will result in starvation of the 
roots and, eventually, the death of a plant. Since the phloem tissue is on 
the outside of the cambium and in limited volume, injury to it is more 
frequent than to the xylem. The girdling of a plant by the wire on a 
label is quite common. The use of trees as fence posts often results in 
girdling when wire is placed around them. Rodent damage to the 
bark, and thus phloem, frequently occurs. 

Restricting the movement of manufactured food has several horticul
tural applications of value. One of these is the temporary reduction in 

GIRDLlNG RINGING STRIPPING 

FIG. 2-14. Girdling, as at the left, will kill the tree by starving the roots, which 
will, in turn, fail to provide nutrients and water for the top. Ringing temporarily 
stops translocation, but heals quickly since no bark is taken out (center). Stripping 
is partial girdling and slows up translocation but does not kill the tree. (From E. P. 
Christopher, "The Pruning Manual," The Macmillan Company, 1954. Used with per
mission of The Macmillan Company.) 
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the movement of manufactured foods from the bud area, resulting from 
a "ringing" operation. It is used to change temporarily the balance of 
carbohydrates, nitrogen, and possibly growth substances, and may result 
in the formation of more flower buds. Grape canes are sometimes girdled 
to prevent the movement of manufactured foods from the fruiting area 
and thus increase the sugar content of the grapes. A less drastic inter
ruption in the moveMent of manufactured foods may be accomplished 
by twisting or severely bending a branch or cane so as to rupture the 
cells on one side. The result is a restriction in the growth of the section 
beyond the injury, resulting perhaps from a reduction in the intake of 
nitrogen and water as well as from an accumulation of the products of 
photosynthesis. 

The translocation of materials within a plant must be as dissolved 
solutes. Therefore it is necessary that the form of certain materials be 
changed. Starch, which is insoluble, but a very common storage carbo
hydrate found in plants, must be changed to sugars for translocation. 
The complex proteins are broken up into amino ·acids. Enzymes are in
volved as catalysts in this process of changing the form of materials. Thus 
translocation may depend upon conditions being favorable for certain 
enzymatic actions. For example, the enzymes involved in the synthesis 
and breakdown of starch are influenced by temperature. Potatoes, tubers 
which are composed largely of stored carbohydrates in the form of 
starch, become sweet when stored at temperatures slightly below 36°F. 
At these temperatures, starch is broken down into sugars. Raising the 
temperature to slightly above 36°F will reverse the action. The sugar in 
sweet corn changes to starch very rapidly at high temperature. 

Tropisms, or Polarity. The direction of plant growth is controlled by 
a phenomenon generally referred to as tropism. Polarity is an older term 
used in this connection with some of the responses. The top of plants 
respond to a phototropism and tend to grow toward light. Roots respond 
to a geotropism and tend to grow away from light. The actual mechanism 
involved in determining the direction of plant growth is somewhat in
volved, but appears to be related to certain hormone substances which 
not only determine the direction of growth but to some extent also the 
type and amount. 

Auxin is the material generally considered to be involved. This mate
rial is effective in very small amounts, perhaps as low as 1 part in 100 
million, and may, under certain circumstances, favor growth and, in 
others, tend to inhibit it. Auxin is produced in the tips of plants, specifi
cally in the apical buds, and goes in a downward direction only. Small 
amounts ordinarily aid in the growth of buds, but large amounts inhibit 
growth. Thus a shoot with an active apical bud produces enough auxin 
to inhibit the development of many of the buds lower down. If, for some 
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reason, the apical bud is removed, the supply of auxin is reduced and 
the lower buds start to grow. 

As indicated above, auxin moves from the apex toward the base only. 
This holds when a portion of stem is removed and its orientation re
versed. Thus, if a cutting is suspended in moist air, shoots will develop 
from buds nearest the apex and roots from the base, without regard to 
position at the time. Once growth starts, geotropism becomes effective 
and shoots turn up and roots down. Reversing sections of bark on the 
trunk of a tree results in very severe dwarfing. These phenomena demon
strate that a shoot is polarized . 
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FIG. 2-15. The direction and speed of growth may be influenced by pruning and 
polarity. By cutting to lateral buds, a shoot may be started in a desired direction 
(A). By temporarily bending the growing point downward, terminal growth may 
be slowed and the breaking of lateral buds encouraged (B). More rapid extension of 
a horizontal limb may be encouraged by keeping a portion of the terminal in a verti
cal position (C). (From E. P. Christopher, "The Pruning Manual," The Macmillan 
Company, 1954. Used with permission of The Macmillan Company.) 

It is a common horticultural practice to pinch out the apical buds of 
certain flowering plants to induce a bushy type of growth and an increase 
in the number of flowers. The potato tuber, if left intact, will develop 
sboots only from the few buds concentrated at what was the apical 
end. If, however, the potato is divided into a number of pieces, the 
other buds are no longer inhibited and will grow. Light tends to re-
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duce the concentration of auxin and thus favors the growth and develop
ment of cells on the side of a plant away from the light. This results in a 
curving of the plant toward the light. There is a tendency for auxin to 
accumulate on the top of the root and thus cause the root to turn down
ward, while with a stem, the accumulation of auxin toward the bottom 
tends io favor upward growth. It appears that a large quantity of auxin 
in the root has an inhibiting effect. 

Auxin is not a simple material. A number of forms have been found in 
plants, and several man-synthesized chemicals which have a similar ef
fect have been discovered. Some of these are used to stimulate rooting 
of cuttings; others to increase the set of blossoms, to prevent fruit drop, 
or to thin fruits. A discussion of these special materials and their use will 
appear in the chapters dealing with the growing of various crops. 

Periods of Growth. Growth of plants and plant parts is not continuous. 
Understanding this periodicity of growth is very important to horticul
turists. There are periods when little or no growth occurs, periods when 
the principal activity is cell division, and others when very rapid in
crease in size may result from the expansion of the cells already laid 
down. This was discussed briefly earlier in this chapter. 

More than this, there are periods, or flushes, of growth which are im
portant. With the common blueberry, there is an early development of 
terminal growth, followed by a hardening of this tissue until early July 
(New England), when secondary growth takes place. This is not the 
same type of growth that might be expected when moisture becomes 
available follOWing a drought. This growth is controlled by internal, rather 
than external, conditions. With deciduous plants, normal behavior is 
a period of active growth in the spring, followed by a slowing up and 
final cessation of growth, in spite of the fact that outside environmental 
conditions may still be favorable. With special nutrition, it may be possi
ble to delay this cessation of growth and the induction of rest. On the 
other hand, unfavorable environmental conditions may shorten the 
growth period. There is evidence that day length may be an important 
factor with some trees and shrubs. 

Some of the factors controlIing the cessation of growth seem to be lo
calized in the buds, and therefore not all buds necessarily respond at the 
same time. Thc period of rest may be long or relatively short, and during 
this period normal growth cannot be easily brought about. With most 
deciduous plants, a certain amount of cold is necessary before this rest 
period is broken and the plant resumes growth. In Northern sections, cold 
weather normaIIy follows shortly after the fuII resting stage is reached 
and more th'm enough time and cold occur by miuwinter so that the rest 
is broken. Growth is not resumed, however, because external conditions, 
primarily temperature in this case, are not satisfactory. The failure of 
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growth to occur because of external conditions is ordinarily spoken of as 
dormancy. 

With the evergreen plant, there may be several periods of active 
growth, or flushes, during the season. For example, in Florida, the first 
and strongest flush on citrus usually occurs in February. However, there 
are or<linarily two other flushes of growth which may result in the forma
tion of flowers and fruits. 

The interrelation of rest and dormancy may be readily demonstrated 
with such plants as the peach and lilac. If shoots of these are taken into 
the greenhouse in December, flowers will seldom develop because, al
though external conditions ar,~ now ideal, buds are still in rest. In 
February, the buds will start promptly and come into full flower because 
the restraint of rest-the physiological control-no longer exists and re
moval to the greenhouse eliminated the adverse outside conditions which 
were keeping the plant dormant. 

In many Southern areas, the cold necessary to break rest may not be 
available. It is one of the reasons why certain plants may not be grown 
successfully in such areas. Plant breeders are constantly seeking new 
varieties which require less cold to break the rest period and can there
fore be grown successfully further south. When there is insufficient cold 
to break rest, flowers may develop a few at a time, over a long period. 
This results in a less spectacular flowering shrub and, with fruit trees, 
where the control of insect and disease pests is largely adjusted to stage 
of plant development, throws the program completely out of line. Some 
attempts have been made to influence the breaking of rest by spraying 
the buds with light-colored materials which reflect some of the light 
rather than absorb it as heat. 

The problem of rest is not always one of breaking it. At times, rest 
is a very desirable thing, and steps ar-e taken to delay its cessation. In 
sections where the winters are normally mild, an unseasonably warm 
spell may start growth too early and result in the killing of buds by 
frost. In this case, delaying the initia!ion of rest in the fall by later culti
vation or fertilization may be desirable. Late-spring pruning may delay 
the opening of buds. The problem is to delay rest enough so that it 
will extend more ner.rly through the winter and yet slow up growth 
early enough in the fall to prevent winter injury due to immaturity. 

Rest may be broken in a number of ways, including certain chemicals, 
electrical shock, mechanical injury, and the defoliation and violent treat
ment of trees and shrubs which occur during windstorms, such as hurri
canes. Following the twin hurricanes in the New England area in 1954, 
many of the fruit trees and flowering shrubs came into full bloom in the 
fall. If only a few buds break their rest early, there will be enough 
starting growth the following year for both show and fruit. If, however, 
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a large percentage of the buds break in the fall and are then winter
killed, the subsequent yield of flowers and fruit may be greatly reduced. 

Vegetative Growth versus Flower Production. As indicated earlier, 
there are vegetative buds and those which produce flowers and may 
therefore produce fruits and seeds. The interrelationship of vegetative 
growth anJ flower production is very intricate, and complete knowledge 
is not available. In general, the early development of a plant is of a 
vegetative nature and is follov/ed by flower production later. The buds 
of an individual small branch may be differentiated as flower buds with
out directly influencing or being influenced by the buds on the rest of 
the plant. This sugge3ts that either nutritional conditions or some hormone 
or vitamin may be involved. While the exact mechanism is not clearly 
understood, there are certain growth conditions usually associated with 
vegetative growth and flower production which should be understood. 

FIG. 2-16. Productive (right) and unproductive (left) shoots of flowering dogwood. 
The importance of recognizing the large flowering buds and avoiding heavy pruning 
should be obvious. 

The first stage of plant growth involves rapid expansion of the vegeta
tive shoot and is usually continued rather late in the season. In general, 
there are long internodes and thus relatively less leaf surface in relatioG 
to the weight of tissue involved. Early in the growth of a plant, the 
root system is normally adequate and abundant supplies of nitrogen and 
water may be provided to support the new vegetative growth. The sup
ply of nitrogen in the buds is high in relation to the supply of manu
factured food. However, as rapid increase in size occurs, the require
ments for nitrogen and water increase until a stage is reached at which 



Classification, Structure, and Growth of Plants 53 

growth may be slowed down because of shortages. During periods of 
rapid growth, manufactured foods are used, just about as fast as they 
are produced, to make new tissue. As the rate of growth is reduced, the 
carbohydrates manufactured in the leaves tend to accumulate and the 
ratio between carbohydrates and nitrogen shifts. When the balance be
tween nitrogen and carbohydrates shifts, conditions become more fa
vorable to flower-bud formation. 

If the supply of nitrogen becomes too low in relation to the amount of 
carbohydrates available, there will be neither active ve~etative growth 
nor fruit production. While trees may bloom under such conditions, they 
will not set fruit. This condition is often observed in an old apple tree. 
Such a nutritional condition may be rectified by an application of nitro
gen. It should be pointed out that there are no exact amounts of either 
nitrogen or carbohydrates involved, but rather that it is a matter of 
relative supply. 

With many plants, the differentiation of flower buds occurs only dur
ing a definite period in the year and therefore it is during that pe
riod only that the proper nutritional balance must be established. With 
apples in the New England area, this period is the first half of June. If 
an accumulation of carbohydrates can be secured through restricting the 
downward movement of manufactured foods through ringing and the 
upward movement of nitrogen by the same means, the setting of blos
som buds for the next year may be expected to result. 

Another way in which the balance may be manipulated is through root 
pruning. By pruning roots, the supply of nitrogen and water available to 
the plants is reduced. Vegetative growth is less and occurs during a 
shorter period in the spring. Under such circumstances, the accumulation 
of carbohydrates in the top takes place sooner. The growers of vegeta
bles and flowers are well aware of the fact that too-heavy applications of 
nitrogen may force vegetative growth to the E;<xclusion of flowering. This 
explanation of the mechanics of leaf and flower-bud differentiation is 
much too simple, but must suffice at this point. 

Apical Dominance. As was mentioned earlier, the development of cer
tain hormones, or auxins, appears to occur in apical buds, and' the down
warn movement ·of these materials tends to inhibit the development of 
lower buds and branches. This results in more rapid growth of terminal, 
shoots, and this phenomenon, referred to as apical dominance, is one of 
the important primary factors determining the form of a plant. This 
growth phenomenon may be utilized in the training of many plants 
where growth may be either increased or decreased at will by support
ing a shoot in a vertical, horizontal, or declining position. Branches 
weighted down with fruit develop upright shoots from the top, which, 
beciluse of the favored position, become dominant. 
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Wotmd Healing. In our discussion of the movement of plant food 
materials, it was stated that normal movement is in the phloem tissue. 
This movement is primarily up and down. Lateral movement is very 
slow. In the healing of wounds, the new tissue must be developed from 
manufactured foods, and naturally, the rate of healing is most rapid in 
line with the movement of these materials. This has a practical applica
tion in the making of pruning cuts and the repairing of damage through 
tree surgery. In order to ensure rallid healing, it is desirable that the 
wounds be long in relation to their width and that the injured bark be 
tapered to a point, both top and bottom, if possible. 

Bleeding. The loss of water and, in some instances, dissolved food 
materials from cut stems is a phenomenon often observed when certain 
trees, especially birches and maples, and vines such as the grape are 
pruned in very early spring. While this is frequently referred to as "bleed
ing," the connotation of bleeding is a poor one, since the actual loss is 
primarily water at a time when water is in abundant supply. While there 
may be a limited loss of food material, the principal difficulty is the at
traction of insects which may carry disease-producing organisms and 
slow up healing of the wounds. With those plants which tend to bleed 
severely, it may be wise to carry on the pruning operation at another time 
of the year. 

Intake of Water and Nutrients. Water moves into the plant through the 
roothairs, or very fine roots, by a process known as osmosis. Osmosis is the 
diffusion of water through a differentially permeable membrane from 
the place of most to the place of least concentration. Thus, as long as the 
concentration of diffusible material in the roothair cells is ~reater than 
the concentration of various chemical elements in the soil water outside, 
the movement of water will be into the plant. If, at any time, the con
centration of chemicals in the soil water becomes greater than that of 
the cell sap, then the movement of water will be from the plant to the 
outside, a process known as exosmosis. This latter condition occurs when 
salt is applied to walks or to tennis courts as a means of weed control. 
The loss of water from the roots may kill them if it proceeds too far. 

The movement of nutrients into the plant is through the process of dif
fusion, and, :3S is the case with all diffusion, the movement is from a point 
of greater concentration to that of lesser concentration. Thus, when the 
concentration of nitrogen is greater on the outside than on the inside, 
there will be a movement into the cell. Since only soluble chemicals are 
effective in determining concentration, it is possible for an accumulation 
of nitrogen or other elements to occur within the cell, provided they are 
precipitated Gut in some other form. The movement of the various ele
ments is independent, one of the other, and apparently is not related 
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to need but to supply. This explains why it is possible to find in plant 
cells a number of elements present in the soil but not known to be neces
sary for plant growth. The movement of water and the various nutrients 
through the plant takes place through these same processes. 

It is important that one recognize the selectivity of the cell as far as 
nutrient intake is concerned and not compare the plant-conducting sys
tem to a water line in which every dissolved material moves in the con
centration found at the SOl1l'ce of supply. 

QUESTIONS 

1. In plant classification, the pine, corn, and tomato represent what major division? 
2. What is the Significance of generic and specific names and how are they written? 
3. What is a horticultural variety? 
4. What classifications of plants may be of greater importance to the horti-culturist than that based on genetic relationships? 
5. What is a sport? Give an example. 
6. Distinguish between annuals, biennials, and perennials. Give examples. 7. Diagram and label parts of a simple cell. 
8. What is the function of the vascular system? What cell types are involved? 9. How may you determine the age of a plant or plant part? \Vhat causes the distinctive features which permit such a determination? 

10. What is meristematic tissue? When and how does it affect horticultural practices? 
11. What influence does roothair regeneration have on success in transplanting? 12. What is heartwood? How does its presence influence horticultural practice? 13. Why are limbs closer together when a tree becomes old? 
14. Diagram and label parts of a typical flower. Relate flower parts to mature fruit of apple, peach, and strawberry. 
15. Distinguish between terminal, latent, and adventitious buds. 
16. What is the difference between a sucker and a water sprout? 
17. Distinguish between photosynthesis and respiration. 
18. Why would you expect soft growth during a wet, cloudy season? How would temperature influence your answer? 
19. What is vapor-pressure deficit? Does relative humidity determine transpira-tion rate Similarly for all plants under all conditions? Why? 
20. How does girdling a plant influence plant function? 
21. How does removing the tip of a plant influence subsequent growth? Why? 22. Why do plants not grow on continually? 
23. What is the Significance of the rest period in determining dimatic adaptability of a species or variety? 
24. At what period of growth are manufactured foods stored in the trunk and roots of a tree? 'Why? 
25. What influence does food translocation have all pruning? 
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CHAPTER 3 

Climate and H otticulture 

Temperature, moisture, light intensity, and length of day, all important 
factors influencing plant growth, combine to make up the climate of an 
area. The possible combinations are numerous. Horticultural enterprises 
are successful only when the climatic requirements of a crop are met by 
natural or artificial means. Some of the limitations of climate, both from 
the standpoint of sectional and local application, are considered below. 

REGIONAL INFLUENCES 

Temperature is one of the most important determinants in plant 
adaptability, and crops may be divided into those grown successfully 
in (1) tropical, (2) subtropical, and (3) temperate zones. The divisions 
run roughly east and west with the factors of elevation and nearness to 
large bodies of water influencing deviations from a straight line. Tropical 
areas are those where it never freezes. The length of day varies little 
during the year, and rainfall may vary from one extreme to the other. 
One of the important tropical fruits is the banana, which suffers if the 
temperature goes below 50°F. Other tropicals commonly used are coco
nut, Brazil nut, cashew, coffee, cacao, and the pineapple. Of these, only 
the pineapple is grown in the continental United States (southern 
Florida). 

The subtropical area is subjected to some freezing weather, and crops 
commonly grown include the citrus fruits, avocado, olive, fig, and the 
date. While the trees bearing these crops are usually evergreen, they 
do have a period of rest and some cold may be required for best fruit
ing. The plants in this group v~ry in their ability to withstand freezing 
-both species and varieties. In the United States, areas within this zrme 
are found in parts of Florida, Texas, Arizona, and California. Many crops 
grown in the summer in colder climates, such as potatoes, carrots. spin
ach, gladioli. and chrysanthemums. may he grown in these areas during 
the winter. 
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Most of the horticultural crops to be discussed in this book are grown 
in the temperate zone, where a definite period of cold is experienced, 
bringing about dormancy. The intensity of cold and its durations vary 
greatly, and the adaptation of both crops and varieties differs also. 
Practically all the United States has a temperate climate, which may 
in turn be subdivided into more or less definite zones. Thus, below a 
line passing east and west between Nashua and Manchester, New 
Hampshire, intense cold is much less likely than above this line. Peaches 

FIG. 3-1. The United States divided into five large areas based on averabe date of 
last killing frost as d'etennined by USDA records. Actually, much finer divisions 
could be made, but this will serve to point out gross differences. Dates given indicate 
planting time in respective zones for seeds of hardy crops, transplanting hardy plants, 
and starting tender crops under protection. 

may be grown south of this line with a greater degree of safety than is 
justified by the distance alone. In winter, a change from snow to sleet 
when traveling south is too common to be coincidental. Similarly, the 
McIntosh apple is grown much less successfully just south of New York, 
Michigan, and New England than within these sections. The transition 
is not so abrupt as indicated on the map (Figure 3-1) and is subjected 
to exceptions caused by local conditions. However, one should not mini
mize the differences in climate and their possible effect on plant 
growth, and thu~ the possible success of a horticultural venture. 
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Temperature. As indicated above, temperature may be a major factor 
in limiting the successful production of certain horticultural crops. 
Temperature may influence plants in many ways. With perennials, the 
limitations of winter cold are most frequently recognized. Thus Baldwin 
apple orchards were quite generally winterkilled in 1933-1934 in New 
York and New England. Peaches are not grown where temperatures fre
quently go below zero. Unless they have winter protection, most hybrid 
tea roses are killed by temperatures as low as zero also. Many of the 

FIG. 3-2. Uneven starting of buds on peach trees at Fort Valley, Georgia, following 
a mild winter. Some buds have not yet completed rest. 

fruits and ornamentals grown throughout the rest of the northern United 
States are killed by the low temperatures experienced in North Dakota. 

The importance of not enough cold is less generally recognized, es
pecially by those in the North. As . stated above, Temperate Zone plants 
go through a period of rest. This rest, a physiolOgical restraint on growth, 
may be broken by cold. The time necessary to break the rest period 
differs between species and varieties within species. Citrus fruits require 
less cold than peaches, which in turn, require less than apples. There
fore, while peaches may be grown sJ.lccessfully on Georgia's coastal 
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plain, apples are found generally from Virginia north, although some 
are grown in the hilly section of Georgia where more cold is ex
perienced. In California, citrus, peaches, and apples are grown in that 
order from south to north. The cold necessary to break the rest period 
is the product of time and temperature below a certain maximum-pos
Sibly 40 to 45°F. There is so much variation between varieties that 
exact figures are impossible for a species. Moreover, r~corded air tem
peratures do not necessarily indicate the chilling experienced by buds. 
Thus cold on a cloudy day will inHuence both buds and air very much 
alike, but the sun shining on the buds may raise their temperature 
conSiderably above that of air and reduce the chilling effect. The shade 
of a hedge may be sufficient to result in enough chilling of buch on trees 
close to it, while trees in the main part of the orchard fail to bloom 
properly because rest has not been completed. If the rest is not broken 
by cold or other means, buds open late or not at all and a crop may be 
lost. 

High temperature is also involved in determining adaptability of a 
species or variety. The European grape (Vitis vinifera) requires more 
heat for proper development than does the native grape of the North~ 
east (V. labrusca). Varieties of both species differ also. Zinfandel, 
the leading wine grape of California, does best in moderately cool re
gions (2501 to 3000 degree-days of heat from April 1 to October 31), 
while Emperor does better in hot regions (4000 or more degree
days).1 The degree..days of heat are determined by subtracting 5() from 
the mean temperature and multiplymg the result by the number of days 
involved in the period. The summation of heat may be calculated from 
the time of full bloom to determine maturity dates. The common Thomp
son Seedless grape will be ripe for table use at 2000 degree-days, while 
it will take 3000 for full maturity, the stage suitable for raising produc
tion. Tokay requires about 2250 and Emperor 3300 degree-days for good 
table quality. With Eastern grapes, Catawba requires a longer season 
and more heat to mature than does Concord. 

High temperature may cause difficulty with lettuce and spinach. Both 
of these crops bolt or go to seed if the temperature is too high. With 
lettuce, ideal temperature for solid-head · formation is a monthly mean 
of 55 to 60°F. With spinach, day length is a factor with temperature 
in determining whether or not a seedstalk will be produced. In the 
North, the crop is grown in spring or fall when the combination of low 
temperature and short days is available. In the South, the crop is 
grown during the winter for the same reason. Both low spring tempera
tures and very high summer temperatures are unfavorable to the set of 
fruit on the" tomato. 

1 "Grllpe Growing in Californill," University of Ca\ifornill Circular 116. rev" 1950, 
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High temperature is necessary for good growth of most melons, but 
there are marked varietal diHerences. The common Tom Watkins water
melon grows well in the South but fails to do well in the North because 
of the short cool season. The New Hampshire Midget, developed for a 
short cool season, and the Rhode Island Red, developed for a slightly 
longer season, are reported to do poorly in Texas where the season is 
both long and hot. Tomatoes may fail to develop good red color at 
extremely high temperature. While field corn grows well with high 
night temperatures, the best sweet corn is produced in Northern states 
such as Maine, where nights are cool. 

One might go on indefinitely pointing out temperature influences, 
but the point has been made. If one wishes to grow a particular crop or 
variety, a suitable region must be selected. If one wishes to operate in 
a specific region, then the species and varieties must be selected on the 
basis of adaptability to the temperature conditions found there. 

Moisture. It is generally recognized that moisture or the lack of it in 
the soil influences the success of crop production. In large sections of 
the country, irrigation is not practical because of soil topography, lack of 
water, or expense. Therefore the annual rainfall and its distribution are of 
prime importance. When insufficient rainfall occurs, irrigation must be 
supplied to supplement it. In arid regions, crops may be dependent 
upon irrigation water entirely. The situation should be carefully investi
gated. To an increasing extent, market gardeners, florists, and the pro
ducers of small'fruits are coming to consider supplemental irrigation a 
necessity even in humid regions. . 

Lack of moisture may affect crops in various ways. A low but constant 
supply may result in smaller and therefore less productive plants. Lack 
of moisture early in the growing season may so completely stunt plants 
that the yield will be low even if adequate moisture is supplied naturally 
or altificially later. A temporary shortage at a critical period such as 
blossoming, fruit set, or bud diHerentiation may be as damaging as a 
prolonged drought. Plants which start strongly with adequate water 
supplies may be less able to withstan<! later drought because of the 
large leaf surface developed. The root system is usually less extensive 
if water and fertility levels are high during early growth. A drought in 
midsummer may cause blossom-end rot (a physiological disorder re
sulting from excessive transpiration) of tomatoes, failure of rasp
berries to mature, tough, poor-quality root crops, and poorly filled ears 
of corn. 

Too much water may do damage also. Rains just before harvesttime 
may cause cherries to swell and burst, berries to be soft and tasteless, 
and carrots to develop longitudinal cracks. Cracking of tomatoes as
sociated with increased moisture is considered a major problem by 
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processors in New Jersey. Late-season rains may induce lailie vegeta
tive growth on perennials, which will fail to harden off in time .to _ with
stand winter cold. An evenly Jistributed water supply is best. The soil 
has marked influences on water (Chapter 4) and may either accentuate 
the problems of uneven rainfall (a sandy low organic soil) or tend 
to minimize the effect (a deep, moderately heavy loam). 

Moisture in the air is favorable to the development of disease. High 
humidities result in dew formation and slow drying conditions. Scab, 
the most serious fungus disease of apples in the East, is little known in 
some dry, irrigated areas of the Northwest. Brown rot of peaches, black 
rot and downy mildew of grapes, downy mildew of cucumbers and 
melons, and many others are favored by conditions of high humidity. 
Apples grown in humid areas frequently develop russeting, which greatly 
reduces market value. The smooth, waxy, golden-yellow skin of Yellow 
Delicious apples as grown in the West is unknown in New England 
orchards. 

Light. In a later chapter (Chapte.r 10), the influence of day length on 
plant growth (photoperiodism) will be discussed. Suffice it to state 
here that the length of day does influence flower-bud development of 
some crops and that variations in day length are less in the South and 
greater in the North. At the equator, day and night are always of equal 
duration, while at the poles, both twenty-four-hour days and nights may 
be experienced at different times of the year. This should not be con
fused with length of season-the period from the last spring frost to the 
first fall frost-which has a very marked influence on crop production, 
also. Crops which require a long season cannot be grown in Northern 
areas. Moreover, only one crop per season may be possible on the land, 
whereas several may be grown farther south, and thus result in greater 
efficiency. 

Moist air and the general cloudiness which goes with it reduce light 
intensity, and thus photosynthetic activity, of plants. Readings at King
ston, Rhode Island, have shown that apple trees very generally receive 
much less than 10,000 foot-candles of light considered as maximum for 
the area. No readings of 12,000 (reported for the Northwest) were 
secured. Under conditions of a maximum light intensity of 3,500 foot
candles, leaves on the north side of the tree receive from 200 to 300, 
far less than the 1,500 considered optimum for this fruit. Only when 
the maximum is high will the less well exposed leaves receive enough 
light to function at a high rate. The combination of clouds and smoke 
in the industrial Northeast and sections of California definitely cuts 
down production. 

Before engaging in the growing of a horticultural crop in any given 
section, the advice of experienced farmers and extension-service repre-
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sentatives should be sought. Many failures can be avoided by listen

ing to the advice of those with experience. 

SITE INFLUENCES 

Regional influences have been discussed above. However, crop and 

business failures may occur within a mile or so of successful ventures. 

Allowing for differences in management, the exact location within a 

general region may be fully as important as any other single considera

tion. In the following pages some factors making up site will be dis

cussed and evaluated. It is not possible to assign arbitrarily a value to 

any given characteristic of site because of the large number of crops 

and economic situations involved. The order of presentation does not 

have great Significance. Judgment is very important in the proper bal

ancing of the several favorable and unfavorable aspects of any given 

site. In most cases, a calculated risk is involved, and the decision should 

be based upon all available facts. 

Size. The availability of sufficient land suitable for the desir3d project 

is of great importance and may be the most important consid~ration. Ob

viously, this is not likely to be limiting for a small garden. However,-with 

the continued trend toward specialization and mechanization, relatively 

large areas of suitable land are necessary for commercial production. 

Somewhat poorer soil in sufficient amount may be more profitable to farm 

because of the operational efficiency possible. The area necessary will vary 

with the crop grown, the intensity of culture, and the relative degree 

of mechanization. 
In the Northeast, a plot of 50 acres may be necessary for a profitable 

apple enterprise in order to allow for both bearing and nonbearing trees, 

justify good spray equipment, and provide enough volume to make 

satisfactory marketing arrangements. However, this land may be quite 

rolling in topography because the orchard will be in sod, and thus soil 

erosion is not a serious problem. In dry sections, the same area may 

be necessary, but for gravity-flow irrigation, it must be practically level 

also. A roadside-stand operator might find fewer acres sufficient, while 

a carload shipper would need several times 50 acres. 

The minimum acreage for potatoes may be expected to be greater 

than for apples in most sections. Since the job is very largely mecha

nized-planting, fertilizing, cultivating, spraying, and harvesting-the lay

out is of great importance, too. Rocks which may be only a nuisance 

with apples become a serious operational hazard with potatoes. Grow- \ 

ing lettuce under irrigation for a local market may be practical where 

only an acre or two is available in anyone spot. The importance of 

size should not be overemphasized, but economists and farm-manage-
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ment specialists repeatedly report failures due to inadequate size or 
volume. In planning, it is well to al10w for some expansion. Both the 
plans of the operator and economic conditions change. 

Elevation. Elevation is a very important consideration in site selection. 
Elevation influences both air and water drainage, and both high and 
low elevations have their advantages. The factor of water drainage is 
rather obvious. High lund, assuming soils are similar, is better drained 
and never suffers from the stream-flooding conditions sometimes experi
enced on bottom land. However, high land is more likely to have been 
leached of fertility anc is subject to erosion. Unless it is perfectly level, 
cultural practice may have to be modified to reduce soil loss. High land 
is more exposed to strong winds both summer and winter, and crops may 
suffer excessive damage. The writer has seen apple trees on a hilltop 
which were completely lopsided because of exposure to strong winds. 
An economy-minded greenhouse operator would be wise to avoid too 
high elevation because of the increased heat radiation caused by winter 
winds. 

Air drainage is usually of more importance than water drainage in site 
selection. Cold air is heavier than warm air and tends to settle in low 
places. The accumulation of cool air in Iow areas results ill frost during 
spring and fall and lower minimum temperatures in the winter. Frost 
limits the available growing season, and thus both the number of crops 
per season and the types of crops which may be grown. The University 
of Rhode Island flower gardens are located upon a hill, while much 
of the cropland used for vegetable experimentation is located upon a 
low plain area. Although but a few thousand feet apart, the length 
of growing season is at least a month longer on the hill. Winter tempera
tures frequently differ as much as 10°F, and greater differences have 
been reported. Since both early and late crops frequently bring better 
prices, relatively frost-free land has a real advantage. 

Cranberries are subject to damage from frost, but because the suitable 
soil is ordinarily found in low spots and water flooding for frost control 
and winter protection is necessary, low-level areas are utilized. In much 
of the United States, fruits are grown best on high land so that late
spring frosts will not kill the bloom. However, much of the acreage in 
the West is located in protected val1eys, and artificial heating may be 
practiced. 

Air drainage resembles water drainage in many respects. The greater 
the difference in elevation, the more rapid the downward movement of 
cool air may be expected to be. In order to drain away, there must be 
a place for it to go, and thus a IO-acre lot draining into a small enclosed 
valley will not result in much control of frost. The importance of- ob
structions should be recognized. A solid windbreak across a slope may 
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seriously interfere with air drainage by pocketing the cold air. The 
wind-breaking effect may be retained and air drainage improved by 
cutting off the lower limbs or removing trees at intervals to provide 
"doors" for the passage of cold air. A lane through a wooded area will 
be helpful provided there are open fields lower doWn the slope. 

Slope and Aspect. The amount of slope and its direction may be vc:ry 
important considerations in site selection. The amount of slope influences 
the type of culture possible. Culhvation of very steep slopes is not reCOll
mended because of soil erosion. A field with a moderate slope shou Id 
be contoured if cultivated, and this may involve extra expense buiH
ing terraces and diversion ditches. H strip culture is practiced (reCOl!l
mended for long slopes), only part of the field can be utilized during 
anyone year for the intensive horticulture crop.2 In the past, far t(>o 
much land subjected to erosion has been cultivated, and suitable land is 
increasingly difficult to locate. 

The direction of a slope may influence the earliness of a crop, drought, 
winter injury, or wind damage. In general, a southern or southeasten 
slore warms up earlier in the spring and is favored for early crops. Th ~ 
sarre variety of a crop planted on a western or northern slope may 
mature enough later to provide a longer cropping season. Berries on u 
nonhern slope are slower to start in the spring and may thus be un
injlUed by a late-spring frost. Soil on a northern slope does not be
come as hot in the summer, dries out less rapidly; and thus is less of a 
problem during drought. Fruits which are subject to sunscald, such as 
tomatoes and apples, may be less damaged on an eastern or northern 
slope. A type of winter injury known as sunscald is usually more likely 
to occur to trees on a southwestern slope (see also Chapter 11 for 
discussion of winter injury) . The exposed trunk tissue becomes much 
warmer than the air until sunset and then cools very rapidly. The slope 
subjected to strong prevailing winds will vary in different sections of 
the country but should be considered. Wind may increase transpiration, 
and thus drought and winter injury; blow over corn; accelerate fruit 
drop; and increase greenhouse-heating costs. Cool summer breezes may 
make life more enjoyable. 

Soil. A detailed treatment of soil follows in Chapter 4, but a few points 
should be made at this stlige of our discussion. Everything else being 
equal, the site with the best soil should be selected. However, the 
definition of a good soil varies with the crop to be grown. For vegetable 
crops, uniformity and relatively high fertility are especially important, 
but great depth does not matter. For fruit trees, a deep, well-drained 

• Planting on the contour-that is, in level rows across a slope--and strip culture
alternate strips of cultivated crops and sod-are discussed in more detail under soil
erosion control, in the next chapter. 
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soil is of much more importance than the fertility level of the topsoil. 
In evaluating the soil, one should add to the basic cost the price of such 
items as extra lime, fertilizer, and green manures necessary to raise the 
fertility to an acceptable level. The cost of removing boulders and stone 
walls should be considered also. Frequently, what appears to be a bar
gain soil is the most expensive in the end. 

FIG. 3-3. Serious winter injury to the trunk of a cherry tree growing at Durham, New 
Hampshire. All low limbs on the southwest side had been removed, exposing the trunk 
to almost direct SUn just before winter sunsets. 
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Miscellaneous Considerations. A number of other factors may influence 
site selection and should be considered and properly evaluated. The re
moval of boulders and stone walls to increase efficiency of operation has 
already been mentioned. While it may pay to spend money on clearing 
operations, it adds to the investment and becomes an overhead charge 
against the crops grown. Roads, telephone, electricity, taxes, churches, 
and schools may be of greater importance to a successful horticultural 
venture and happy life than a better slope or a more fertile soil. 

Water supply can be a determining factor in site selection. Water is 
necessary for spraying and cleaning produce. The efficient operation of 
a cold-storage plant depends upon large amounts of water also. Irriga
tion may be expected to pay large dividends, at least with the more 
intensive crops. Water is essential for flooding of cranberry bogs. The 
influence of a body of water on temperature may be very great, depend
ing upon the amount of exposed surface, the depth of the water, whether 
it is fresh or salt, and whether it is moving or still. Water, because of 
a high latent heat, responds to changes in air temperature rather slowly 
and thus tends to keep the area cooler in the spring (crops start 
less rapidly and late frosts a~e avoided) and warmer in the fall. 

A body of water becomes an equalizer of temperature and may be 
thought of as a heating or cooling surface, as the case may be. Obviously, 
a large surface is more effective than a small one, and a deep pond 
will change temperature less rapidly than a shallow one. The Finger 
Lakes of Central New York State illustrate the influence of water very 
well. In so-called normal winters, these lakes never freeze over, and 
thus serve to warm the air along the shore during winter. Because of 
the extremp depth of the water, in summer a cooling effect may be 
felt. The in:~nce of salt water is greater than that of fresh water be
cause of the volume and greater latent heat involved and the fact that 
it seldom freezes. Warm ocean currents may influence climate over large 
areas. A rapidly moving stream will have more effect on frost control 
than an equal surface of still water because of the greater volume in
volved in any given period of time and the possibility of developing 
air currents which prevent air stratification. 

The variation in weather within a relatively small area is brought out 
very nicely by the following data on Rhode Island. As the smallest 
state in the Union, it might be assumed to have similar weather. How
ever, because of the influence of the ocean and variable air-drainage 
conditions, temperatures on January 15, 1954, varied from 12° above 
zero to 22° below zero-a difference of 34°F. It is true that the high 
reading came from Block Island, which is completely surrounded by 
Long Island Sound water, but within a distance of about 15 miles 
on the mainland the temperature varied by 26°F. A study of weather 
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FIG. 3-4. Out:ine map of the smallest state, showing location of weather stations re
ferred to in text. The influence of water is especially well demonstrated. (URl 
Bulletin 299, 1948.) 
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over a period of 10 to 14 years showed a difference in the average 
frost-free growing season as follows: 

BlOCk Island 

Days 

22.'3 
Providence .. . .. ....... . ...... . .... . . . .. .... 200 
Portsmouth . . ...... .. ... . .... ... .... . ... . . . 192 
Greenville .. . .. ... . . . .... . . . .. .. . .. .. .. . . . . 171 
Kingston (East Farm) . .. .. ... .. .. ... .. . . .. . 167 
Slocum . . . . .. .. . ...... . ..... . . .. ....... . .. 145 
Kingston (Plains) .. ....... . .. . .... . . ...... . 136 
Wood River Junction . .. ... .. ... .... . . ... ... 120 

SOURCE: "Rhode Island Weather," Rhode Island Agricultural Experiment Station 
Bulletin 299, 1948. 

The two readings for Kingston (167 and 136) illustrate the influence 
of a slight difference in elevation. Block Island and Portsmouth read
ings are influenced by the ocean and bay, respectively. The Providence 
reading shows both the influence of Narragansett Bay and that of the 
heat from the buildings of a large city. Slocum and Wood River Junc
tion are both low-plain areas surrounded by hills-ideal frost pockets. 
Similar data could be found for other areas. It should be obvious that 
some study of temperature records would be desirable before investing 
too heavily. 

STATION DATE OF AVERAGE LAST 32" DATE OF AVERAGE FIRST 32" 
AND YEARS TEMPERATURE' TEMPERATURE 
AVERAGED IN SPRING IN FALL 

Block Island (I4) :Wtfw' .;;. 

18 I I I I I I I I~, I I 
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I" I I 1 1 I 1 28j I I 
Portsmouth (10) If:&&li dtWf.iii XM!flf&t 

I Iq I 1 I 1 I 1 271 1 I 
Greenville (lO) ~ .:": . 

I I 241 I I I 1 T 12 1 1 I 
East Farm (14) .·'x-

I I I I 30 I I I 1 I 14 1 1 I 
Slocum (I4) 

L I 1 1 1 12 1 I 1 r [4 1 I I 
Kingston (14) ';)i,' 

I I 1 I I 16 I I I I 30 I I I 
Wood River Jet. {I 4) : X: " ':~. . ~. 

I I I I I 241 I I I 211 I I I 
Jan. . Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec • 

FIG: 3-5. Length of growing season for eight locations in Rhode Island as indicated 
hy' n\,lmber of days between . last 32 0 temperature in the spring and first 32 0 tem
perature in the fall . (URI Bulletin 299, 1948. ) 
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Hail is another consideration. While few areas are spared an oc
casicnal hailstorm, some narrow valleys appear to have more than the 
average number. An investigation of the record in this respect would 
seem to be wise. 

OTHER FACTORS 

Frost and Freeze. Cold injury from frosts and freezes is important 
enough to justify a somewhat detailed discussion. While both involve tem
perature below the freezing point, frosts are local in origin and dis
tribution, freezes more general and due to conditions changing over a 
large area. Frost is common under conditions of clear skies and a still 
atmosphere; a freeze may occur with overcast skies and usually involves 
considerable wind. Little can be done to control a freeze, but frequently 
much can be done to limit frost damage. 

Frost occurs when the loss of heat from the ground through radia
tion is so great that the temperature reaches the freezing point. During 
the day, radiant heat from the sun is absorbed by the soil. A dark soil 
absorbs more than a light-colored soil, and clear skies and long days 
help also. Soils with relatively high moisture store more heat than dry 
ones. When the sun goes down, the air, which holds small amounts 
of heat, loses much of it to higher layers. Since cool air is heavy, it 
settles to the ground, where it picks up heat from the warm soil and 
rises, being repeatedly replaced by cooler air. The strl'ams of cool air 
coming down and warm air rising are called convection currents. The 
longer this process takes place, the more heat is lost by the soil. The 
greater the difference in temperature between the CQol air and the 
warm, the more rapid air movement and heat loss will be. 

In general, the higher one goes, the colder it becomes, "lnd therefore 
it would seem that the heat absorbed by the earth would soon be dis
sipated and frosts would almost always occur. Actually, the air is slightly 
warmer in the layers immediately above the earth surface; then it be
comes progressively colder. It is this fact of temperature inversion which 
makes frost control possible under some circumstances. The layer of 
air above the earth which has the maximum temperature is referred to 
as the ceiling and may be high or low, depending on atmospheric con
dition. On bright clear nights, the ceiling is very high, while low hang
ing clouds signify a low ceiling. 

As stated previously, warm air rises and the rate of movement in
creases with differences in temperature. Conversely, as the temperature 
difference is reduced, air movement is less rapid. Thus, as air warmed 
by the earth rises toward the ceiling layer of warm air, the rate of 
movement is checked and finally ceases. The thickness ' of this ceiling 
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layer gradually increases, and soon all the air helow this point is suf

ficiently warmed so that there is relatively little upward movement, 

and radiation from the soil is checked. Thus the temperature may never 

reach the freezing point. Obviously, the higher the ceiling or warm 

layer, the longer it takes to reach equilibrium, and frost may occur be

fore the sun rises to reverse the How of heat. 

The dew point is that temperature at which the humidity of the air 

reaches lOO per cent, or saturation, and moisture is deposited on cool 

surfaces. Since the amount of heat held hy a leaf or a shed roof is 

less than that held by the earth, the former cool faster and are thus 

34° 

35° 

36° 

31' 

36° 

35° 

34° 

point of t emperatu re inversion 

\ I 

+ + • 

wormed 

air rises 

FIG. 3-6. Diagram of frost control influenced by elevation and a body of water. 

Such control depends upon relatively still air and temperature inversion or a "thermal" 

ceiling c1c)se to the ground. 

actually cooler than the soil and much of the surrounding air. This ex

plains the formation of dew earlier in the evening on some objects than 

on others. A metal chair by the seashore may hold a pool of con

densed water shortly after the sun goes down. In the process of con

densing, heat is released, which tends to slow down the drop in tempera

ture. Thus, if the dew point will occur at a temperature of 40 to 45°F, 

the cranberry growers of Cape Cod feel fairly confident that the re

tardation of cooling rate brought about by the heat released during this 

process will be enough to avert frost. 

When . the dew point occurs at a temperature above the freezing 

point and freezing does occur, a so-called "white frost" results; that is, 

the dew freezes . If the humidity is low and the dew point is not reached 

by the time the temperature starts up again, freezing results in a "black 

frost." One may not realize that freezing temperatures were reached 
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until the injured leaves begin to die. Since there is no cushioning effect 
of dew formation, leaves in exposed positions may become cold enough 
to freeze when the general air temperature is slightly above freezing. 
The cooling will be greatest in low spots. A mulch which tends to hold 
in :>oil heat and also reduce its absorption during the day may favor the 
frosting of strawberry blossoms. 

Frost control may be accomplished by preventing air stratification 
or by supplying additional heat. Mixing the layers of ai~, including the 
warmer ones above the earth, often results in an average temperature 
above the danger point. This occurs, to a limited extent, through air 
drainage to lower areas. A light breeze may be very effective, whether 
natural or induced mechanically by fans of great size. The mixing of 
air must be thorough to be completely effective. Some corners of a 
garden may be "dead spots" as far as the flow of air is concerned, and will frost. . 

One method of adding heat and preventing frost is through the use of 
water. This is the usual means in cranberry bogs. T~e water level in 
the ditches is brought as high as necessary to compensate for the loss of 
heat from the soil and thus check the cooling. As little water as possible 
is used, but complete flooding is possible, if necessary. Irrigation systems 
may be used if one is sure that the volume of water is sufficient to com
pensate for heat loss. Since foliage which is frozen in a wet condition is 
more Seriously injured than dry foliage, one cannot afford to miscalculate. 
Greenhouse operators may save a crop when the heating system fails 
by wetting down the walls and walks. The temperature of the water sup
ply is, of course, important, since it is the stored heat which is important. 

Heat from smudge pots or fires is common frost-control procedure 
in many areas. It has been established that the benefit is the heat, and 
not the soot produced. Therefore a clear flame is to be p:eferred since 
it means more heat per gallon of fuel and fewer complaints from nearby 
comm'"'lities where white curtains may take on a 'gray hue. Special 
pots for burning fuel oil and controlling the flame are for sale. Simple 
pots may be made from 5-gallon oil cans. A piece of sheet metal large 
enough to cover the opened top is used to reduce the oxygen supply 
and thus regulate or stop burning. Special lighting torches are avail

. able. Small wood fires may be used also. Old automobile tires are 
quite effective and last longer. . 

In orchru.d heating, the discussion of the ceiling should be recalled. 
The objective is to heat the air close to the ground, and this requires a 
building down from the upper warm layer. The ideal situation would 
be a very large number of small fires so that the heat prOVided would 
be well distributed. The worst situation would be a few large fires 
which would give off tremendous amounts of heat in one place and 
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create' such a strong updraft that the hot air would break through the 
thermal ceiling and escape. A new ceiling would eventually form, but 
at a higher level, and thus the total volume of air to be heated would 
be greatly increased. Therefore, in orchards, a heater in the middle be
tween each four trees is usually recommended. 

Another method of heating is through the use of heat-radiating de
vices. Radiant heat is generated by oil-burning equipment and directed 
to . the plants. Thus the plants may be warm even though the sur
rounding air is cold enough to cause freezing. One has only to recall 
being comfortably warm on a winter day while standing in the sun to 
understand what is taking place. The cost of this system is high but 
may be justified for especially valuable gardens. 

Droughts and Floods. No discussion of climate and weather conditions 
would be complete without mentioning both lack and overabundance 
of water. Drought conditions cannot be predicted in all cases, but some 
areas are more suhject to them than others. A limited water supply may 
be utilized to better advantage in several ways. Wider spacing of plants 
and the encouraging of wide and deep rooting by deep soil preparation 
and general fertilization will be of value. The use of soil- and water-con
serving practices to ensure all the available water going into the soil is 
worthwhile. ~ulches to reduce surface evaporation will help. Of course, 
the use of supplementary water through irrigation is the real answer 
where this practice is possible. 

Perhaps one of the most promising developments is the selection and 
breeding of species and varieties capable of developing on less water. 
The amount of water which passes through a plant in the gaining of 
one unit of dry matter varies from less than 100 with some pines to 
nearer 1,000 for alfalfa. Sorghum requires less moisture than corn. 
While fertility levels and other factors are involved, the possibility of 
real advances in this direction should not be minimized. 

Suitable drainage for fields with a high water table may involve 
either tile or surface drains or both. Handling Hood conditions with a 
minimum of soil loss takes planning. Certainly winter protection with 
covercrops should be the minimum precaution. Maintaining a good soil 
structure IS important to rapid percolation and may reduce sheet ero
sion during heavy rains. Some of these matters are discussed in some 
detail in Chapter 4. 

QUESTIONS 

1. In what ways does temperature influence the time or place where horti
cultural crops may be grown? 

2. How may moisture influence plant or plant-part growth? Give several exam
ples. 
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3. How is light intensity measured and what range would you expect to find in your area? How may light influence cultural practices? 
4. What factors should be considered in selecting a site? 
5. Explain the influence of large bodies of water upon local climate. 6. What is the dew point? Explain difference between a white and a black frost. 
7. What is temperature inversion and how is this phenomenon used in frost protection? 
8. Discuss frost-control methods. 
9. What soil-<"hunlcteristics are most important for tree fmits? 
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CHAPTER 4 

Soil and Soil Amendments 

Soil provides physical support, fertility, and water necessary for plant 

growth. The select;on of a suitable soil and its proper management are 

important to success. While it is possible to modify the soil to some 

extent by the use of fertilizer and other amendments and through man

agement practices such as cultivation, irrigation, and drainage, it is 

the soil origin, physical condition, and topography that usually govern 

suitability for the economic production of horticultural crops. 

ORIGIN AND COMPOSITION OF SOILS 

Soil is a relatively thin layer of mineral particles mixed with varyi~g 

amount~ of decomposing organic matter developed on the earth surface. 

The properties of soils vary somewhat, depending upon the interaction 

of certain independent factors during the period of formation. These 

factors include the parent material from which the mineral portion 

came; climate, which influences the type and amount of vegetation 

and the rate of weathering; topography, as it influences drainage and 

erosion; and time, as it is related to the stage of maturity of the soil. 

Man may be listed as a fifth factor, since through his use and misuse 

of the land, many of its virgin characteristics are lost. 

Productive soils are approximately 50 per cent pore space, which is 

occupied by air and water in varying proportion. Management practices 

which result in less pore space tend to reduce production. 

The rocks from which parent materials are derived contain quartz, 

which is very hard; silicates such as feldspars; iron oxides; carbonates; 

and phosphates. In regions of high rainfall, many of the basic elements 

(calcium, magnesium, sodium, and potassium) in the parent material 

are leached away. Soils of the Eastern part of the United States are 

usually acid. Where rainfall is lower, the basic materials are not leached 

as heavily and the soil may be neutral or alkaline in reaction. 

The type of parent material determines whether the resulting soil 
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will be coarse or fine in texture. Sandy soils are produced from parent 
material containing large quantities of quartz, while the silicates, iron 
oxides, and limestones develop into finer-textured particles. As a soil 
becomes older and matures, differences due to parent materials become 
less dominant. 

In the South, most soils have developed directly from the weathered 
rocks that preceded them and may be similar over large areas. In the 
North, great ice masses (glaciers) moved the parent material around, 
mixing it so that several soil types may be found on anyone farm. 
In some parts of the central United States, soils have formed in silty 
material dropped in ear~er times b)' the wind or from deposits left 
by receding floods. In marshy areas, peat and muck soils are formed. 

Climate. Climate affects the color and organic content of mineral soils. 
Organic materials decompose more slowly in the North, and iron com
pounds may be less highly oxidized and hydrated. In the North, the soils 
are usually dark gray-hrown or brown, whereas in the South they are a 
brighter red or yellowish color. In Southern soils, the parent materials are 
more thoroughly weathered, the organic-matter content is lower (be
cause of more rapid oxidation), and the retained fertility is less than in 
No'1:hern soils. Therefore the Southern farmer may suffer more from 
poor soil management than the Northern farmer. Many of the soils in the 
central part of the country were formed under grasses. These grassland 
soils were originally more productive than those formed under forests in 
the East. However, much of their native fertility has been lost, and they, 
too, now require lime and fertilizer for good crop production. 

Horizons. Mature mineral soils develop more or less definite layers 
called horizons. The top layer, or A horizon, is higher in organic matter 
and usually more fertile than the subsoil, or B horizon, immediately be
low it. The topsoil was once 6 to 8 inches deep in the East and even 
deeper in the prairie regions. Because of erosion, most plowed soil is 
now a mixture of topsoil and subsoil. It usually contains less than 5 
per cent organic matter. The material below lhe A and B horizons is 
usually referred to as the C horizon. It is of little importance to the 
horticulturist. 

SOIL TEXTURE 

The size of soil particles varies considerably, dependent upon parent 
material and the amount of weathering which has occurred. Soil texture 
is determined by the proportions of different-sized particles. Soil parti
cles are classed as gravel, coarse sand, fine sand, silt, and clay, in 
accordance with size limits. The largest particles (over 2 mm) are clas
sified as gravel. According to the U.S. Department of Agriculture stand-
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ards, sands range from 2 to 0.05 mm, silts from 0.05 to 0.002 mm, 
and clays are below 0.002 mm. Gravel and sand particles are readily 
visible and have a gritty feeling. Silt particles may be seen under an 
ordinary microscope and have a Hourlike feeling, while clay particles are 
extremely small, exhibit colloidal properties, and are seen only under 
the electron microscope. 

Soil technologists classify soils which contain mixtures of sand, silt, 
and clay as sandy loam, loam, silt loam, or clay loam in accordance 
with an increase in the proportion of a particular separate. In common 
parlance, the word "loam" means a soil high in organic matter with 
good working qualities. In soil science, however, the term refers to a soil 
containing less than 52 per cent sand, between 28 and 50 per cent silt, 
and between 7 and 27 per cent clay, with no consideration being given 
to organic-matter content. Actually, there is a relationship, and the 
amount of organic matter normally increases from sandy through silt 
to clay loams. 

Sandy soils have relatively little natural fertility and absorb water 
quickly, but hold it least well and in small amounts. They warm up 
quickly in the spring and are easy to work, but are droughty. Silt soils 
have more natural fertility, hold large amounts of water in a state avail
able to plants, and are fairly easy to work. They include some of our 
most productive and useful soils. Clay soils hold large amounts of 
moisture but, because of small particle size, are often poorly drained 
and difficult to work. Such soils warm up slowly in the spring and 
cannot be worked safely while wet. However, clay soils frequently 
are very fertile, holding such cations as calcium, magneSium, potassium, 
and ammonium in a form available to plants. Southern clays are more 
highly weathered and do not retain fertility as well as those in cooler 
climates. As will be noted later, the addition of organic matter and 
proper management may be utilized to' improve the usefulness of all 
soils. 

SOIL STRUCTURE 

While texture refers to the proportion of particles of various sizes 
in the soil , structure refers to the arrangement and cementing of 
the soil particles which may be, in many cases, of greater importance. 
In soils having a fair percentage of clay mixed with silt and very fine 
sand, small groups of particles called aggregates may be formed (ce
mented together). A well-aggregated crumbly soil is desirable. It is 
favorable to water penetration, soil aeration, and adequate, yet not 
excessive, drainage. Aggregation may be favored by growing sod crops, 
green-manure crops, or additions of decomposing organic matter. Alter-
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nate freezing and thawing and wetting and drying may either im
prove or reduce aggregation, depending upon conditions. 

Certain chemicals in the soil aid the process of aggregation. Thus 
calcium applied as lime favors aggregation of soil particles, whereas 
sodium, a similar element in many respects, tends to disperse them. 
One of the recent advances in soil science is the use of chemical soil con
ditioners which, when applied in relatively small amounts, favor soil ag
gregation and may improve water~holding capacity, reduce the chance 
of erosion, favor soil aeration, and, in some cases, improve plant growth. 
It should be recognized that these soil conditioners are not fertilizers, 
but through their influence on soil structure, they favor the better use of 
the plant nutrients, w:lter, and air already available. Chemical soil con
ditioners are most effective on the heavier soils, but should not be consid
ered as a substitute for organic matter (in many ways the ideal soil 
conditioner) and proper cultural practices. 

Soils whieh have a relatively high percentage of clay are easily dam
aged if worked while too wet. One may determine whether or not it is 
safe to work a soil by taking a handful and squeezing it. If, upon releas
ing the pressure, the soil stays in a compact condition, it is too wet and 
should not be worked. A soil of the proper moisture content will crumhle 
into its several aggregates if jarred following the release of pressure. 

Very sandy soil ordinarily exists as single particles which allow for an 
even distribution of water and air throughout the soil area. With the 

Soil uniformly prepared and 
enriched-roots tend to 

develop extensiv~ly. 

Soil enriched in limited area 
only-roots tend to remain 

in small area. 

FIG. 4-1. ShOWing influl:n<:e of large differences in soil-fertility level on root de
velopment. Large diH'e.renl:es in soil texture and structure may have a similar effect, 
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addition of a very small amount of fine materials such as clay, a sandy 
soil may compact during heavy rains to the point where it is practically 
impervious to moisture and air movement. A hard crust of this sort is fa
vorable to water erosion and should be broken by cultivation. 

Soil structure may vary in the several soil layers. A sandy or gravelly 
subsoil overlain by a more compact topsoil may be more subject to 
drought than one which has horizons of more nearly similar texture. 
Roots do not penetrate soils of varying moisture content as readily as 
they do those which are similar in this respect. When the subsoil tex
ture is such that it is less well drained than the topsoil, fine particles in 
the topsoil may be leached downward and accumulate in a layer of very 
low permeability. Such a soil becomes progressively less well drained 
and difficult to maintain in good structural condition. Always plowing at 
the same depth, using heavy equipment, and working the soil when it is 
either too dry or too wet help destroy good structure and reduce crop 
yields. 

SOIL ACIDITY AND LIMING 

One of the very important characteristics of the soil is its reaction, or 
pH. This latter term refers to the hydrogen-ion concentration in the soil 
solution, which is considered neutral when the pH is at 7. Soils with a 
pH below 7 are termed acid, and those above it, alkaline. A pH of 5 is 
10 times as acid as a pH of 6, while a pH of 4 is 10 times as acid as 
a pH of 5, and therefore 100 times as acid as a pH of 6. The reaction 
of the soil solution influences the solubility of the several chemical ele
ments necessary for plant growth and some others such as aluminum, 
which may be toxic. Soil reaction also influences the biological flora and 
its action in releasing certain nutrients . 
. Many plants have definite ranges of pH within which they may be 

grown successfully. Rhododendrons, blueberries, and azaleas do very 
well at a pH of 4 to 4.5, whereas lettuce, beets, and legumes do better 
on soil which is more nearly neutral. .It should be emphasized that in 
most cases it is the indirect effect of soil reaction upon the availability of 
the various fertilizer elements present in the soil rather than the reaction 
itself which causes poor growth. Plants may show iron-deficiency symp
toms when the pH is relatively high. If available iron is supplied, re
covery may be expected without a change in soil reaction. At a low 
pH, other elements, including forms of nitrogen and phosphorus, are 
relatively unavailable. In discussing various crop plants, reference will be 
made to pH-range requirements. 

Another factor influencing the availability of nutrients within the soil 
and the growth responses secured is the so-called buffer action of clay 
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and organic matter. Certain elements, while not in solution, are held 'so 
loosely by the clay and organic-matter particles that they may be used 
by plants when the soluble supply is exhausted. Buffer capacity also in
fluences the stability of the soil reaction and is important, as will be 
seen later, when considering changing pH. 

8.5 9.0 9.5 10.0 

FIG. 4-2. Soil reaction has a marked and differing effect on availability of necessary 
plant nutrients. (Redrawn from Plant Food Review.) 

A soil which has a relatively high clay or organic-matter content is 
less likely to show mineral deficiencies as soon as a soil which is largely 
sand. This does not mean that the supply of nutrients is sdficient for 
maximum growth, but because of the reserve supply referred to above, 
growth tends to slow down over a period of time instead of stopping 
quickly. 

It is possible to change soil reaction by the addition of acid or alkaline 
materials. By far the more common practice is the addition of lime to 
raise the soil pH. Large deposits of limestone-largely calcium carbonate, 
but in some cases running as high as 20 per cent magnesium carbonate 
-are found in nature. The limestone is quarried and ground into a fine 
powder. The more finely the material is ground, the more readily it com-



Soil and Soil Amendments 81 

bines with the soil to change the reaction. Lime may also add calcium 

and magnesium, both essential elements for plant growth. Since some 

limestone is so-called high calcium and contains practically no magne

sium, it is important to know the' analysis. Dolomitic limestone contains 

from 10 to 20 per cent magnesium oxide equivalent and is especially 

prized for use in much of the East where magnesium deficiencies occur. 

This is, of course, not the only method of supplying magnesium. Epsom 

salts (magnesium sul£ate) are recommended when L'1e soil reaction is 

already high. 
Some limestone is burned to drive off the carbon dioxide, leaving 

mason's lime, or qUicklime (CaO). This material is not applied to the 

soil directly, but water may be added in order to make hydrated lime 

[Ca(OHh]' a common product. Hydrated lime is more active and more 

expensive than limestone. If it takes 100 pounds of hydrated lime to 

change the pH a specified amount, it will require 135 pounds of lime

stone to do the same job. This fact should be considered when com

paring costs. Hydrated lime applied with manure 'Or some commercial 

fertilizers will react to release ammonia to the air and thus reduce the 

nitrogen available to the plants. Hydrated lime is converted to the 

carbonate form very quickly after incorporation in a moist soil. 

Limestone continues in the soil for several years and need not be ap

plied each year once the soil reaction is WIthin the desired range. Ap

plications are usually made just preceding the crop in a rotation making 

the highest response. Because of its relatively inert form, lime may be 

applied at any time of the year and in relatively large amounts, applica

tion of 1 to 2 tons per acre being common on acid soils. Because of its 

low solubility, and hence slow rate of movement in the soil through leach

ing, it is normally plowed or harrowed into the soil. Surface applica

tions are, of course, necessary for established lawns and other turf areas. 

To an increasing extent, lime is being purchased on a delivered and 

spread basis. Large dealer trucks and spreaders do the job at relatively 

low cost. 
The amount of limestone necessary to change the soil reaction varies 

with texture and organic matter. A ton of limestone will change the re

action of a sandy soil low in organic matter three to four times as much 

as it would a clay loam high in organic matter. Since overliming some 

plants may be more harmful than underliming, it is important that ap

plications be based upon a soil test, especially when treating soils which 

have been previously limed. 
Some soils are derived from calcareous rocks, and the problem is too 

alkaline a soil rather than one with too high acidity. Some elements, such 

as iron, phosphorus, manganese, and boron may not be available in 

amounts sufficient for good growth. In these cases and those of over-
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FIG. 4-3. The chart shows how the efficiency of liming materials varies with particle size, or fineness. The finer the material is ground, the more rapidly it takes effect in the soil. Reaction time in the soil also varies with soil type, kind of lillling material, and other factors. (Redrawn from Plant Food Review.) 

liming, sulfur may be added to acidify the soil, or the necessary ele
ments may be supplied in special forms as either soil or foliar applica
tions. Soils of a sandy nature with low buffer capacity may be treated 
with lime or sulfur to change the soil reaction between crops being 
grown the same season. When a soil is close to the neutral point, a small 
amount of an amendment will change the reaction. 

SOIL FERTILITY AND CHEMICAL FERTILIZERS 

The soil supplies most of the elements necessary for plant growth. 
Because of the limited supply of some elements due to deficiencies in the 
original source material and to the leaching and eroding away through
out the years, most soils require the addition of some elements. 
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Many virgin soils produced satisfactorily for a number of years, but 
the removal of the crops and accelerated decomposition and erosion soon 
brought about a condition where both the supply and proper balance of 
elements necessary for maximum crop growth did not exist. At first, the 
use of animal manures on limited amounts of cultivated land provided 
for a redistribution of elements found in the forage coming from many 
acres. With an increase in the proportion of cultivated land and the 
decrease in animal units resulting from the shift to power equipment, 
this means of maintaining soil fertility ceased to be possible in many 
areas. The wider use of chemical fertilizers has been the means whereby 
fertility has been maintained. 

Nitrogen. Nitrogen is the chemical element most frequently applied to 
soils and the one most often limiting plant growth. Nitrogen favors veg
etative growth and is essential for normal dark green leaves. Lack of 
this element results in slow growth and light green or yellOwish foliage. 
While nitrogen is plentiful in the air, plants are not able to use it in the 
gaseous form, but rather in the form of nitrates or ammonium com
pounds. The capacity of a soil to supply nitrogen is ordinarily associated 
witl. its organic-matter content, although moisture, temperature, aeratior', 
and acidity are also involved. Organic materials are decomposed through 
micmbial (bacteria, actinomyces, fungi, and occasionally algae) action, 
and some of the nitrogen is relcased as ammonium salts which may be 
absorbed directly by some plants. Most of the ammonia is acted upon by 
two species of bactt;ria VIr hich change it to nitrites (nitrosomonas) and 
finally to nitrates (nitrobacter), in which form most plants absorb ni
trogen. In the decomposition process, some nitrogen is lost to tbe at
mosphere as ammonia, leached from the soil, and retained by the soil 
organisms. 

Some ~oil microbes are capable of lfsing gaseous nitrogen, which may 
then be made available to plants directly or upon their death. These 
nitrogen-fixing bacteria may be associated with the roots of plants or 
live free in the soil. The former are probably the more important and 
form colonies in small .;wellings (nodules) on the roots of legumes, such 
as clovers, beans, and ~eas. Legumes may receive all their nitrogen this 
way, and the decomposition of their residues provides the element for 
nonleguminous crops. Specific species are involved for the several groups 
of legumes, and strains of bacteria operate at different levels of effi
cit;ncy. Therefore, inoculation of the soil or seed is frequently practiced. 
Once established, the desirable strain will persist for several years, 'even 
if no legume is grown. 

Moisture, temperature, soil reaction, and the presence of elements, 
such as phosphorus, influence the rate of microbial activity in the de
composition of organic materials and direct nitrogen fixation. It may be 
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desirable to apply inorganic nitrogen to plants, even on very fertile or
ganic soils, early in the season. When soil temperatures rise or other con
ditions are more ideal, decomposition of organic matter may meet future 
requirements. In the breakdown of organic material, the release of nitro
gen becomes progressively slower as the more stable organic compounds 
form the bulk of the residue. This fact suggests the desirability of prOvid
ing a new supply of organic material. 

When soil nitrogen is in the forms available to plant roots, it is very 
soluble and easily leached to lower levels. Thus nitrogen does not ac
cumulate in the soil, and at least yearly applications are necessary. Espe
ciallyon sandy soils and for long-season crops, extra applications or side 
dressings are usually required and prove profitable. 

Phosphorus. A second important element secured from the soil is phos
phorus, and most soils contain small quantities of this element in min
eral as well as organic forms. Most of the phosphorus in soils is tightly 
held in chemical complexes. Therefore practically all horticultural crops 
require annual applications of this element if satisfactory yields are to be 
secured. Relatively little is found in animal manures, and supplementary 
sources of phosphorus must be used, even when sufficient manure is 
available. The acids formed in the decomposition of organic matter re
lease some mineral phosphorus. As with nitrogen, the release of organic 
phosphorus becomes progressively slower, and fresh cover-crop material 
is a major source. Liming tends to "unlock" inorganic phosphorus. 

While nitrogen is especially important for vegetative top growth, 
phosphorus is particularly important for root development and the pro
duction of seed. A lack of phosphorus may result in thick dark green or 
purplish leaves, poor root and seed development, and delayed maturity. 
As indicated above, phosphorus is held very tightly in the soil and very 
little leaching occurs. The low rate of solubility makes a large total supply 
desirable. Since phosphorus carriers are relatively low priced, liberal 
yearly applications are normally made. Band placement is frequently 
preferred to broadcasting to ensure plants securing a supply before 
chemical union is made within the soil. The scurce materials used are 
not likely to cause root injury even at high concentrations. 

Potassium. Potassium is a third element secured from the soil. Large 
amounts are found in minerals such as mica and microline. The supply in 
ordinary soil is several times that of phosphorus, but because of its Iow 
solubility, supplementary applications are usually made. Fertilizer 
sources of potassium leach more rapidly than those of phosphorus, but 
by no means as rapidly as those of nitrogen. While nearly all the nitro
gen and nearly half of the phosphorus art: in organic combination, only a 
small fraction of the potassium is held by organiC compounds. Potas-
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sium remains active in the plant and is readily released to the soil when 
the plant tissue is plowed under. 

Potassium is especially necessary during periods of rapid growth and 
appears to be especially important to crops producing large amounts of 
carbohydrates such as corn. Deficiencies of potassium result in a low rate 
of photosynthesis and may be strikingly evident as a leaf scorch, particu
larly around the edges. Poor soil aeration, whether produced by excess 
water or compaction, may result in potassium starvation. Soils which have 
been leached of bases and therefore may be acid and require lime are 
likely to require potassium applications also. Because potassium fertilizers 
are soluble and the element is not rapidly tied up in soil complexes as 
is phosphorus, rapid response to fertilizer applications may be expected 
and relatively small amounts are applied at one time. 

Other Elements. The three elements-nitrogen, phosphorus, and po
tassium-are supplied in ordinary chemical fertilizer. Most soils do not 
supply these elements in sufficient amounts for the most satisfactory 
growth of horticultural plants. Other chemical elements supplied in 
more nearly satisfactory amounts by the soil are calcium, magnesium, 
sulfur, iron, and some of the minor, or trace, elements such as manga
nese, copper, zinc, boron, and molybdenum. It is true that some of these 
are supplitd by the chemicals used as sources of NPK. However, to an 
increasing extent, deficiencies of these elements are appearing, and in 
practically all humid regions, calcium, magnesium, and boron must be 
applied at least occasionally. Correction of soil acidity with high magne
sium or dolomitic limestone provides needed calcium and magnesium. 
Epsom salts are used to provide magnesium on neutral or alkaline soils 
or those acid soils where changing soil reaction is not desirable. Borax 
may be used to correct boron deficiencies. Copper sulfate is sometimes 
used, often as a foliar spray, in Florida. Zinc sulfate is applied in parts of 
California. Whiptail of cauliflower seems to be associated with a defi
ciency of molybdenum. 

Nutrient Balance. In supplying elements to plants, it is important that 
they be in the proper relationship, or balance. Unusually large amounts 
of one element may increase growth up to a certain point, when other 
elements become limiting. In the greenhouse, during days of low light 
intensity, the supply of nitrogen should be kept relatively low and that of 
potassium high. In apple orchards, leaf scorch and premature drop
ping of the fruit which follows complete fertilization with nitrogen, phos
phorus, and potassium are attributed to magnesium deficiency. This 
deficiency is thought to be primarily a matter of high potassium replac
ing magnesium, but may simply reflect an increase in total growth, at a 
rate too rapid for the supply of available magnesium. Correction will 
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usually result from one to three leaf-spray applications using magnesium 
sulfate (Epsom salts). Lack of balance can be expected to be most 
cri!ical on sandy and low-organic-matter soils and under conditions of 
very high crop production. 

Toxic Effects. In some areas, basic materials, especially sodium, may be 
brought to the rooting area by a rising water table, and so-called alkali 
conditions occur. Applications of gypsum {CaS04) may be helpful, espe
cially if combined with leaching of the soil. Some large irrigation projects 
have been abandoned when salts accumulated in the topsoil to the point 
that plants could not grow. A crust of salts may appear on subirrigated 
greenhouse beds. With moisture moving from the bottom through very 
heavily fertilized soil, the dissolved salts are deposited on top when mois
ture evaporates. Heavy surface watering is recommended to carry these 
salts back. In a similar manner, salts may accumulate on the edge of 
flower pots and cause burning of leaves which come in contact with 
them. 

Under conditions of very heavy fertilization and/or rapid breakdown 
of organic materials, nutrient elements may be released so rapidly that 
the concentration of the soil solution is greater than that of the plant 
cells, and root injury, or even plant death, may ocCur. Prolonged 
drought may have a similar effect. Applications of water to dilute the 
soil solution are recommended. 

Chemical Fertilizers. The use of chemical fertilizers has increased 
rapidly in the United States, practically doubling during the World War 
11 period and amounting to over 20 million tons in 1956. The nutrient ele
ments frequently needed have been indicated. A brief discussion of 
fertilizer formulas and source materials follows. 

The fertilizer analysis, generally required by law on the container, 
usually consists of three separate figures, such as 5-10-10 or 7-7-7. The 
first figure refers to per cent of nitrogen (N), the second to per cent of 
phosphOriC acid (P20 5 ), and the third to per cent of potassium oxide 
(K20). The chemical elements (NPK) may be provided by compounds 
such as nitrate of soda (16 per cent nitrogen), sulfate of ammonia (20 
per cent nitrogen), ammonium nitrate (33.5 per cent nitrogen), either 
superphosphate (20 per cent P20 5 ) or treble superphosphate (45 per 
cent P20 5 ), and potassium chloride (60 per cent K20) or potassium 
sulfate (48 per rent K20). Materials such as bone meal, cottonseed 
meal, tankage, and activated sewage sludge may be included at times, 
both as conditioners and as sources of nitrogen and phosphorus. 

There may be an advantage in using one or ~everal sources of an ele
ment. Cyanamide, another possible source of nitrogen, has an alkaline 
reaction, while the sulfate of ammonia tends to make the soil more acid. 
Nitrate of soda is quickly available and provides nitrogen in the form in 
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which it is most readily used by most plants (NOa). Sulfate of ammonia 
provides ammonia which is readily used by blueberries and some other 
crops, but must await bacterial nitrification before it is usable by others. 
The use of a rapidly available material such as nitrate of soda may fail 
to produce the sustained growth desired for turf and trees. Nitrates 
may be leached away by unusually heavy rains, and heavy applications 
wiU cause severe root burning. Tankage and bone meal are safe to use 
and provide nutrients slowly over a long period. Usually, fertilizers com
bining inorganic and organic sources of nitrogen are used for turf, shade 
trees, and in the greenhouse. The soluble inorganic forms provide for 
the initial rapid growth, and the organic sources sustain it. Nitrogen 
from ammonia is held on soil colloids and is less likely to be lost by leach
ing. In areas where magnesium is generally deficient, formulas such as 
10-10-10-2 are offered for sale. The fourth figure indicates the percentage 
of magnesium oxide equivalent. 

Simple addition of the figures in an analysis will show that only 20 to 
32 per cent (5-10-5 and 10-10-10-2) are accounted for. This has led to the 
common but erroneous conclusion that considerable valueless filler has 
been used. While small amounts of filler, or more often, conditioner, may 
be added, the bulk of the remaining 100 per cent is made up of the 
other elements combined with those needed. Thus, with sodium nitrate 
(NaNOa), only the nitrogen is accounted for in the formula, leaving the 
sodium and oxygen, which weigh about seven times as much. 

High-analysis fertilizers such as 16-16-1~ have replaced to a consider
able extent the old 4-8-4 and similar formulations. This is made possible 
by the use of higher-analysis source materials, especially the treble 
superphosphate, 45 per cent P205, instead of the once-standard 16 per 
cent. The advantage of these fertilizers is the reduced weight for ship
ping and handling. It is the amount of available nitrogen, phosphorus, 
and potassium that counts, not the weight of the carrier. When first using 
a high-analysis fertilizer, there may be a tenden~y to use too much and 
cause some burning of tender roots. One should. calculate cost per unit 
of available plant nutrients when comparing fertilizer costs. 

Fertilizer recommendations may be given in term" of pounds of a 
definite formulation (1,000 pounds per acre of a 5-10-10) or as pounds of 
active nutrients (50 pounds of nitrogen, 100 pounds of phosphoric acid, 
and 100 pounds of potassium Oxide). If one understands the basic facts 
outlined above, he should be able to determine the kind of fertilizer to 
buy and the amount to apply. Fertilizer formulas may be reduced to a 
ratio, thus a 5-10-10 is a 1-2-2 ratio and a 10-10-10 is a 1-1-1 ratio. 
More of a 7-7-7 should be used when 1,000 pounds of a 10-10-10 was 
recommended, but less of an 8-16-16 would be substituted for a recom
mendation of a 5-10-10. If this were not done, either too little or too 
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much of the active ingredients would be applied. Changing all fertilizer 
recommendations to pounds of nitrogen, phosphorus, and potassium has 
been proposed. If this is done, some changes in calculation will be re
quire:!, but the basic thinking remains the same. 

Frequently, a basic application of a 5-10-10 may be made to garden 
crops in the spring, and additional nitrogen applied as a top or side 
dressing after the crop is partially grown. In doing so, it should be kept 
in mind that ~oo pounds of nitrate of soda (16 per cent) would be 
equivalent, as far as nitrogen is concerned, to about 1,000 pounds of the 
5-10-10. When split applications are planned, both complete (mixed) 
fertilizers and single chemicals may be purchased. While it is possible to 
purchase the single chemicals and mix one's own basic formula, this sel
dom pays. Fertilizer companies put out enough formulas for all general 
uses and are eq!Jipped to do so more thoroughly and cheaply than the 
individual. It should be noted that formulas such as a 0-16-16 containing 
no nitrogen are available and are frequently used on legumes such as 
ladino clover sod in orchards. If additional nitrogen is required by the 
trees, a separate foliar, or ring, application is made. 

Fertilizer applications in solution, either by direct soil application or 
through irrigation water, are being made in some areas. Ammonia is 
probably the most common material used. The amount of available nitro
gen being supplied can be very accurately detetmined, and since it is 
already in solution, rapid uptake by the plant is assured. Anhydrous am
monia gas is also applied directly into the soil. 

Foliar applications of fertilizer, especially nitrogen in the form of urea, 
are increasing also. Experimental results suggest that even more accurate 
fertilization may be possible in the near future. Applied as sprays to the 
leaves, the elements are taken into the plant at the point where synthesis 
occurs, and the response is almost immediate. The correction of mineral 
deficiencies of copper with copper sulfate, zinc with zinc sulfate, boron 
with borax, and magnesium with magnesium sulfate (Epsom salts) in 
spray applications, as noted earlier, is more or less common. While some 
materials may be applied in connection with fungicidal sprays, better re
sults and greater safety frequently make the labor of a separate applica
tion worthwhile. 

BIOLOGICAL PROPERTIES OF SOIL 

A handful of rich soil is teeming with microbes. Under most conditions, 
about 90 per cent of these are bacteria and most of the rest actinomy
cetes. Algae, fungi, and protozoa are present in small numbers, but may 
greatly increase on a percentage basis under some conditions. Algae 
exist in greater volume under very moist conditions in the greenhouse, 
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and protozoa may increase considerably in decomposing manure. In gen
eral, soils with an adequate amount of organic matter are populated by 
many more microbes and are more productive than soils less well sup
plied. 

Soil organisms perform important functions in the decomposition of or
ganic material and the synthesis of nitrogen. Carbon dioxide released 
during microbial respiration and the breakdown of the carbohydrates on 
which they feed, dissolves in the soil water, forming a weak acid which 
increases the solubility of some mineral elements. 

The activity of soil organisms should be taken into account when cul
tural and management practices are considered. Nitrogen is required for 
body proteins, and soil organisms can successfully compete with plant 
roots for any available supply. When favorable food and environmental 
conditions result in a rapid increase in soil organisms, almost all the 
available soil nitrogen may be used. As a result, plant growth may be 
temporarily retarded. This frequently occurs immediately following the 
turning under of a cover crop. Seedings made immediately after plow
ing down organic materials may fail to grow. When this extra food mate
rial, primarily carbohydrates, has been decomposed, most of the 
microbes die for lack of food and the nitrogen in their bodies becomes 
available. Decomposition of the carbohydrates may be greatly acceler
ated by the addition of nitrogen in inorganic form. If sufficient nitrogen 
is added, there may be enough for both the microbes and the growth 
of plants. The amount of humus added to the soil through the decomposi
tion process will be greater if the supply of nitrogen is relatively high. 
Thus it is common practice to apply fertilizer to a cover crop at the time 
it is plowed into the soil. 

While many of the organisms in the soil are desirable, some interfere 
with the development of crops. Control of undesirable microbes is some
times possible. The organism responsible for scab on potatoes (Strepto
myces scabies) is favored by a soil reaction above pH 5.4. Therefore 
lime which would raise the soil pH above this level or manure which 
might introduce the organism to an otherwise clean field is not recom
mended. Applications of sulfur may be made to counteract too high pH. 
On the other hand, the organism responsible for clubroot of cabbage, the 
slime mold Plas1llodiophora brassicae, is suppressed in alkaline soils. For 
this reason, it is common practice to use lime before planting to raise the 
pH to about 7.2. It should be emphasized that soil reaction is not the only 
controlling factor but should be used in conjunction with rotation, sanita
tion, and resistant varieties. 

Soil fumigation and pasteurization may be used to eliminate some of 
the injurious bacteria and other organisms in the soil. This is very com
mon practice with greenhouse soils and will be discussed in some detail 
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in the chapter concerned. Field applications of certain materials, such 
as chloropicrin, EDB, and DD mix, have been successful in eliminating 
some organisms deleterious to plant growth. Granular formulations show 
promise. Lawn and garden areas are sometimes treated with mate
rials such as arsenate of lead, DDT, and chlordane to control pests such 
as the larvae of the June. ASiatic, and Japanese beetles, wireworms, and 
chinch bugs. 

Organic Materials. Soil organic materials may be residues of animal 
and plant origin. Animal manures, green-manuring crops, and composts 
are common sources used by horticulturists. Animal manures, formerly 
the most common source, are frequently not available today. Green 
manures are crops grown to be turned into the soil rather than for har
vest. Composts are made from various organic waste materials such as 
leaves, weeds, cornstalks, wood chips, etc., combined with small amounts 
of manure or fertilizer and soil. 

Animal manures vary in their value, both as a s~urce of chemical ele
ments and as a means of improving the physical condition of the soil. 
Horse manure has the advantage of heating when compacted with straw 
and is therefore recommended for hotbeds (Chapter 6). Sheep and 
poultry manure should be used sparingly to avoid burning the plants. 
Cow and hog manures are not likely to cause burning, even when rela
tively large amounts of the fresh material are applied. To secure maxi
mum safety and soil influence, manure should be incorporated into the 
soil some time ahead of planting. 

Fresh manure is relatively higher in nitrogen and potassium than in 
phosphorns. The liquid portion, or urine, has more fertility than the solid 
matter, or dung. Exposing manure to the weather and leaching result 
in a rapid loss of fertility. The addition of superphosphate (50 pounds 
per ton) tends to conserve the nitrogen supply and to provide a more 
nearly balanced fertilizer. The use of sufficient bedding to absorb urine 
is desirable conservation of fertility and provides extra organic material 
to improve soil structure. 

Since the common elements available in even the best manure may be 
secured more cheaply as chemical fertilizer, it is the soil-conditioning 
effects that are of greatest importance. Manure may increase water-hold
ing capacity, improve structure, and provide a satisfactory medium in 
which various desirable bacteria may develop. It supplies a great many 
of the chemicals recognized as minor elements and, in all probability, 
some other elements and, possibly, hormones which are as yet not rec
ognized. It is therefore a complete fertilizer in the true sense of the word. 

Plants vary in their content of nitrogen, and those relatively high in 
this element such as the legumes produce a greater increase in the or
ganic-matter supply of the soil per ton of green manure. This is true be-
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cause the ratio of carbon to nitrogen (C:N ratio) tends to equalize at 
about 10:1. Therefore most of the carbohydrates will be lost as CO2 un
less considerable nitrogen is made available. Some legumes are rather 
difficult and slow to get started and therefore may produce a relatively 
small total volume in anyone year. It may be better, therefore, to grow 
a nonlegume crop which will produce a large volume of material rapidly. 
By supplying nitrogen liberally as fertilizer at the time of plowing un
der, a good organic-matter residue may be secured. 

FIG. 4-4. Nitrogen-fixing baderia may form nodules on roots of legumes. Good de
velopment on soybean is shown ahove. 

A rapid building of organic-matter reserves in the · soil may be 
achieved by growing two or even three green-manuring crops in a sea
son. Yearly losses may be replaced by combining a cash crop with a 
green-manure crop. Grown after the cash crop is harvested (during the 
winter in the North and the ~llmmer in some Southern areas), it may 
serve very effectively as a cover crop to aid in the control of erosion. 
Such a crop not only limits soil loss but utilizes chemicals released in the 
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soil during this period which would otherwise be leached out and lost. 
By.the use of deep-rooted plants as cover crops, mineral elements at 
lower levels may be brought up and made available to a shallow-rooted 
cash crop. Cover crops alone cannot be expected to increase greatly the 
organic-matter supply of a soil. They do slow up the rate of depletion. 
The system of culture which can be expected actually 'to increase organic 
matter on a permanent basis is a well-fertilized sod. 

While the result of large additions of organic matter is usually one of 
tying up nitrogen to the detriment of plants, this is not always the case. 
Straw is sometimes used to widen the C:N ratio (tying up nitrogen by 
providing more food for microbes) and make conditions more favorable 
for the growth of sweet peas. It may be used as a means of temporarily 
lowering the abnormal supply of nitrates in greenhouse beds following 
soil sterilization. 

The composting of manure and waste materials is an ancient custom 
which may be conducted on either a small or large scale, depending upon 
the available materials, labor, and equipment, Alternate layers of plant 
residues, manure, and soil are used in construction . . The compost pile 
should be located where it can be left for a considerable period of time 

top dished to 
hold water' 

manure or fertilizer 
and lime 

organic wastes 

FIG. 4-5. Waste organic material may be turned into valuable compost. Mter initial 
reaction, the pile may be thoroughly mixed. Especially efficient microbes may be used 
to speed the reaction. The compost must be moist (dished top helps in humid areas), 
but also well aerated. 

without causing inconvenience. Piles are usually about 4 feet wide, 3 to 
5 feet high, and as long as necessary to utilize the available materials. A 
4- to 6-inch layer of wastes should be covered with an inch or more of 
manure and about 2 inches of soil. Alternate layers are added until the 
desired height is reached. The sides of the pile should be sloped inward 
slightly, and the top should be dished to hold water. If manure is not 
available, a light sprinkling of lime and chemical fertilizer may be used 
to stimulate decomposition. Bacterial inoculations may be desirable un
der some conditions in order to secure the most rapid and satisfactory 
decomposition. The pile ~hould be turned over at intervals determined 
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by the time of year and observed rate of decomposition. In practice, two 
or three piles may be in different stages of construction and use at the 
same time. Compost may be spread over the soil much as is manure. 

Manure or wastes may be piled alone and will eventually decompose. 
However, greater shrinkage, loss of potential fertility, and soil-condition
ing effects occur than are necessary. Composting or direct soil application 
is better. 

SOIL, WATER, AND AIR RELATIONSHIPS 

Supplying the moisture necessary for plant growth is an important soil 
function. The amount of moisture available from different soils varies 
greatly. These differences are associated with the size of the individual 
soil particles, their arrangement, and the amounts of organic matter and 
colloids present. In general, a sandy-type soil will hold less moisture than 
one containing a large proportion of clay and silt particles. A soil which 
is highly organic in nature holds ~ore water than does one which is 
primarily minerals alone. 

A consideration of the three classifications of water found in soils will 
help in understanding soil-moisture relationships. On the average, up to 
25 per cent of the volume of a good soil may be air. After heavy rains 
or following irrigation, all these air spaces may be occupied by water. 
The water which continues its downward movement out of the soil, to be 
followed in turn by the return of air, is spoken of as free, or gravita
tional, water. The movement of this water out of the soil is dependent, 

A 

Saturated soil; 
unsatisfactory 
for root growth 

B 

Soil at field capacity; 
large amounts of water 
but enough oxygen 
for growth 

c 

Dry soil; only hygroscopic 
and little capillary 
water left-too dry for 
root growth 

FIG. 4-6. Diagram of moisture about soil particles. Topsoil is in condition A after 
rain or irrigation, and at C after prolonged drought. Growth will proceed satisfactorily 
only when soil is between the extremes. 
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of course, upon suitable drainage. In practice, very little of this water 
is used by the plant, since its presence excludes air and thus the oxygen 
necessary for respiration. Therefore plant root activity is relatively slow, 
if not completely depressed. Mter the gravitational water has left the 
soil, there will remain about the individual soil particles or aggregates a 
film of moisture which resists the pull of gravity and yet is available for 
plant growth. This is called capillary, or available, water. A third type is 
named hygroscopic water and is held so tightly that it is not available to 
the plants. It is the quantity of capillary water held by the soil which is 
of importance to plant growth. Actually, a small amount of gravitational 
water may be used by the plant, and not all the capillary moisture can 
be utilized under natural growing conditions. 

The total volume of soil penetrated by the roots of a given plant is a 
factor, along with available moisture in the, soil, in determining the 
amount of growth secured. The spread of the root system will be con
trolled largely by the natural rooting habit of the plant and by the com
petition of other vegetation, while the depth of rooting is also influenced 
by aeration. 

Wilting Point and Field Capacity. The amount of water which a soil 
will supply is governed by two physical constants, the wilting point and 
field capacity. The wilting point refers to the percentage of moisture in 
the soil at the time that plants wilt permanently. It is, then, a measure of 
that moisture which is unavailable and therefore includes all the hygro
scopic moisture and possibly a little of the most tightly held capillary 
water. 

There is a difference between the amount of moisture in the soil when 
occasional wilting occurs and that when permanent wilting occurs. Wilt
ing of a plant occurs at any time when the rate of moisture loss 
through transpiration exceeds the rate at which moisture is taken in by 
the root system. As the supply of moisture in the soil is reduced, absorp
tion by the roots becomes increasingly difficult, and thus the rate of in
take is reduced. If the rate of outgo or transpiration is rapid, as on a 
particularly hot, dry day, outgo may exceed intake for a period of time 
and wilting will occur. During the night, when the rate of transpiration 
or water loss is less, the rate of intake may be sufficient not only to main
tain the plant but to make up for the water lost during the late afternoon. 

Plants in soil which is approaching the true wilting point may show 
flaccid, drooping foliage during the late afternoon and appear completely 
turgid and firm the following morning. Under controlled conditions in 
the laboratory, it is possible to exhaust the soil water supply so com
pletely that sufficient moisture cannot be taken up to replace transpira
tion losses from the plant. This situation would represent the true wilt
ing point. It is understandable that under practical growing conditions, 
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the permanent wilting pOint is never reached while the plants still sur
vive. 

The youngest growing tissue has the most rapid rate of water loss and 
therefore generally shows the first signs of wilting. When all foliage is 
relatively mature, the lower leaves will be first to show evidence of a 
water deficit. This is attributed to the fact that the older leaves have a 
lower osmotic concentration and are therefore less able to compete for 
the available moisture supply. Drought frequently results in the shed-

FIG. 4-7. Corn showing incipient wilting. Leaves appear nonnal in the early morning. 
but growth is very limited. 

ding of the lower and older leaves. This reduction in transpiring surface 
may be enough to prevent permanent damage to the plant. 

Field capacity is the amount of water, expressed as percentage of 
total dry weight, which is held by a soil against the pull of gravity. Since 
there is considerable variation between soils as to their capacity to hold 
water, the amount of irrigation water necessary to bring the soil to field 
capacity varies. The depth of soil wet by a given amount of rain varies 
also. In a sandy soil, 1 acre-inch of irrigation water may be all that can 
be economically applied at a time because moisture in excess of this 
amount will be lost as gravitational water. A deep clay loam may take 
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2 or even 3 inches of irrigation water without loss, provided the applica
tion rate is slow enough to prevent runoff. 

As indicated above, it is capillary water that is of prime interest to 
the horticulturist. The field capacity includes both capillary and hy
groscopic water. In heavy organic soils, the percentage of moisture held 
tightly and unavailable to plants is considerably higher than in a sandy 
soil. The moisture in a sandy soil is almost completely available for plant 
growth, although the amount of moisture per cubic foot of soil is less. 
Additions of organic matter increase water-holding capacity, but because 
the percentage of hygroscopic water is also increased, the net gain to the 
plant is less than expected. 

Table 4.1. Percentage of Water in Different Soils 

Soil type 

Dickinson fine sand 
Clarion sandv loam 
Marshall silt' loam 
Wabash silty clay loam 

Percentage of oven-dry weight of soil 

Hygroscopic 
water 

3.41 
6.93 

10.40 
16.1() 

Wilting 
point 

3.7 
7.2 

12.7 
20.6 

Moisture equivalent 
(field capacity) 

7.6 
15.5 
24.0 
30.4 

SOURCE: L. M. Thompson, "Soils and Soil Fertility," McGraw-Hill Book Company, 
Inc., New York, 1952. 

Earlier in this section, it was stated that depth of rooting has considera
ble influence on the amount of moisture available for growth. This is true 
to a greater extent than is generally recognized. Moisture moves up and 
down and laterally in the soil through diffusion and capillarity, and much 
has been said about moisture moving in to replace losses. It has been 
demonstrated, however, that this movement is not rapid enough to save 
plants during periods of high transpiration rate. Therefore, essentially, it 
is the moisture in the soil already permeated by the root system which is 
available for plant growth. Deep and extensive rooting should be encour
aged as one of the very real safeguards against poor growth due to a 
deficiency of moisture. 

When soils have become very dry, especially soils high in -::olloids and 
organic matter, it may be difficult to wet them thoroughly again. It is 
particularly difficult to wet peat, a completely organic material. It is 
important when applying water to the soil, following a dry period, that 
it be added slowly to avoid sheet erosion and puddling of heavy soils. 

Following years of drought, a layer of very dry soil may exist at a 
considerahle depth. D~lring the drought years, all available moisture was 
exhausted to a great depth by deep-rooted plants (alfalfa) . The rains of 
normal seasons may be insufficient to wet the soil to the full depth. Thus 
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a layer of soil exists on top with enough moisture to start plant growth, 

but since roots will not penetrate the dry layer to moisture lower down, 

the plants are shallow-rooted and very susceptible to drought. Con

tinued inadequate top watering of house plants may produce a similar 

situation on a small scale. . 

The condition referred to above can occur because soil reaches field 

capacity progressively, inch by inch, from the top. In other words, if one 

starts with a dry soil and adds an inch of water, the top 2 or S inches 

may be brought to field capacity but there will be no appreciable in

crease in the moisture supply below that level. If a second inch of wa

ter is added very shortly thereafter, practically all of it will pass down 

through the top 2 or 3 inches previously wetted and bring to field ca

pacity an equal soil layer below. This is repeated until such time as all 

one inch two inches three inches 

Rain or irrigation water brings soil to field capacity 

progressively from the top 

FIG. 4-8. Soil of a given texture and stIucture will be wet to a depth directly in pro

portion to volume of water used. In most situations, soil variations result in some 

difference, but the basic principle is important to a determination of amount of irriga

tion water needed. 

the soil has been brought to the same moisture level. Therefore thorough 

watering at less frequent intervals is to be preferred to more frequent 

light applications. The same total amount of water is more efficiently used 

since a considerable proportion of the moisture in the topsoil is lost 

through surface evaporation and by the transpiration of the shallow

rooted weeds. Cultivation may increase the evaporation from the topsoil 

by exposing more surface to the air. 

Mulching is normally an excellent means of conserving moisture. 

Mulches increase the rate of moisture penetration by maintaining the top

soil in good friable condition, reducing runoff by temporarily holding 

some of the moisture, and also by reducing evaporation from the surface. 

The protection of the soil from compaction and puddling during hard 

rains is a major factor in improved percolation. Mulch may prevent the 

best utilization of a limited amount of water supplied through irrigation 
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or by showers. Most of the water will be absorbed by the mulch and is 
then readily lost through evaporation. However, in general, the benefits 
from a mulch so far overshadow this slight disadvantage that their use 
can be quite generally recommended as a means of conserving moisture. 

Soil Air. While some reference has been made to the air space in the 
soil, its importance justifies a more detailed treatment. The roots of most 
plants will not live in air alone because of lack of moisture. Both top 
and root growth will occur, however, on plants suspended in a fine spray 
of water to which has been added the necessary fertilizer elements. The 
roots of a plant will soon die, however, if air is not present, even when 
moisture and nutrient~ are supplied. Normal air contains 20 per cent oxy
gen and 0.03 of 1 per cent carbon dioxide. Oxygen is used in the process 
of respiration (Chapter 2) and is responsible for the release of the energy 
necessary for growth. As the supply of oxygen is depleted, root activity 
slows down and finally stops. Carbon dioxide is liberated during respira
tion, and as the concentration increases, root activity is reduced. Fortu
nately, serious retardation in root activity does not occur until the sup
ply of oxygen is reduced by at least one-half. Also, a high concentration 
of carbon dioxide is necessary before deleterious effects are noted. How
ever, in compact soils and under conditions of high water content, it is 
quite possible for root activity to be decreased. 

Several factors influence the rate of air movement in soil. One of these 
is porosity-the number of pore spaces and their size, both of which affect 
gas exchange by diffusion. Cultivation of the soil and additions of organic 
materials or chemicals which result in the f1occulation of the particles aid 
in the rapid diffusion of gases and thus favor a sufficient supply of oxy
gen for maximum root growth. In the preceding section, competition of 
weeds for the available moisture supply was mentioned as undesirable. 
Under certain conditions, however, it is desirable that there be a good 
crop of weeds or grass-something that will use excess moisture quickly 
in the spring so as to bring about a more rapid movement of air into the 
soil. Plants vary considerably in their response to low oxygen. Certain 
grasses will grow in a soil nearly saturated with moisture, whereas fruit
tree roots, especially peach roots, will not. 

It is sometimes necessary to improve aeration and drainage by special 
practices such as the laying of tile, the introduction of sand and gravel, 
very deep cultivation with speCial plowing equipment, and the making 
of holes in the soil. Tiles are frequently used with ornamental trees. 
There are devices which make evenly spaced holes to improve aeration 
in turf. A short period of insufficient oxygen will cause roothairs to die, 
but a prolonged period is necessary to kill the larger roots. However, 
since most absorption of water and nutrients is through the roothairs, 
the exclusion of air for short periods may be very detrimental. The symp-
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toms of poor soil aeration may be the ~ame as for drought. Plants, al
though the roots may be standing in water, are unable, after the roothairs 
die, to take up enough water through the thick roots to replace that lost 
through transpiration. 

FIG. 4-9. When it is necessary to raise the grade about a tree, provision should be 
made for air to reach the roots. (Redrawn, USDA. From E. P. Christopher, "The 
Pruning Manual," The Macmillan Company, 1954. Used with pennission of The 
Macmillan Company.) 

SOIL SELECTION 

The selection of suitable soil for a horticultural enterprise and its 
proper management involve the several factors discussed in some de
tail above, plus some others. Some of the more important general consid
erations are presented below. Special management practices for specific 
crops will be discussed in the pertinent chapter. 

Topography. Topography refers to the surface of the soil and its rela
tion to other areas. As indicated in Chapter 3, elevation may have a con
siderable influence on frost and thus determine the success or failure of 
some horticultural enterprises. Elevation also influences water drainage. 
A steep slope may be expected to suffer soil erosion, if cultivated. 
Sut::h areas of soil will, in time, include less fine material (that most eas-
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ily carried away in water suspension) and will have lower fertility. Low 
bottom land may have accumulated so much clay and silt through ero
sion from higher land that the soil, although relatively fertile, is poorly 
drained . . Rolling land may be expected to have a variable soil depth 
and texture. 

The influence of topography upon efficiency of operation cannot be 
ignored. In a machine age, large fields which are relatively level allow for 
lower production costs. While power equipment may be used to modify 
topography, the cost of such land renovation should be taken into ac
count when considering the suitability of an area for a given enterprise. 
Moreover, such renovation may be expected to result in further soil varia
tions within a field. 

PHYSICAL SUPPORT AND IMPERVIOUS LAYERS 

As indicated earlier, one of the functions of the soil is physical sup
port. The importance of physical support depends, of course, upon the 
size of the plant involved. A tree which towers into the sky requires a 
very deep and widespreading root system if the force of wind is to be 
resisted, while a pansy requires relatively little anchorage. During se
vere storms, the trees on shallow soil are the ones most frequently up
rooted. The depth of rooting may be influenced by several conditions. A 
layer of soil impervious to the downward percolation of moisture may be 
just as effective as a rocky ledge in restricting root growth. A soil which 
has relatively fine particles in the topsoil and somewhat coarser particles 
in the subsoil is ordinarily well drained and allows for deep rooting of 
plants. Soils which are sandy in the topsoil but include more of the fine:
silt and clay particles in the subsoil tend to be less well drained and, in 
some cases, may develop a slightly or completely impervious layer called 
hardpan by the layman. This layer often restricts downward movement 
of water, and thus root development. Such a layer at the 2-foot level may 
be a serious disadvantage for trees but no problem in the growing of 
some shallow-rooted crops. A very porous, well-drained subsoil allows 
rain water to go down beyond the reach of many vegetables and flower
ing plants. 

The use of dynamite has sometimes been recommended as a means of 
eliminating a hardpan layer. The results may be either satisfactory or un
satisfactory, depending upon the soil texture. If the impervious layer is 
relatively thin and is underlain by well-drained material, such as gravel, 
shattering this layer with small charges of dynamite may be quite suc
cessful. Once the roots of perennial plants penetrate this broken layer, 
the continued drainage may he maintained through the channels left by 
decomposing roots. If, however, the layer is relatively thick or is under-



Soil and Soil Amendments 101 

lain by poorly drained material, the force of the explosion will only fur
ther compact it and conditions may be worse than before. The digging of 
numerous holes through the hardpan mayor may not give satisfactory 
results. Subsoiling plows are sometimes used in breaking up a thin im
pervious layer close to the surface. Repeated plowing to the same depth 
may favor the development of a compact slow-draining layer (sometimes 
called a plow sole) in heavy soils. 

compact, slowly 
drained layer 

FIG. 4-10. A soil layer which slows water and air movement may restrict root growth. 
Breaking such a layer by boring holes or plowing may overcome the difficulty and 
permit deeper rooting. 

In the growing of cranberries, the presence of an impervious layer is 
very important because it will hold water and permit the flooding of the 
bog. Similar subirrigation may be practiced with some vegetable crops. 
It is essential that the layer be level, or nearly so, and that a reasonably 
thick layer of good soil be on top. 

SOIL MANAGEMENT 

The management of soil involves the exercise of human judgment in 
the application of available knowledge of crop production, soil conserva
tion, and economics. The objective of commercial horticulture is profit. 
While other satisfactions are more important to the home gardener, man
agement which provides the desired crops with a minimum of labor is of 
increasing interest. Special methods will be discussed in the chapters on 
speCific crops, but it seems wise to include a brief statement concerning 
methods in this chapter. 
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No system of soil management can be considered acceptable which does 
not include provisions for soil conservation. The resources of the soil are 
fundamental to the prosperity of the people, and temporary ownership 
should not carry with it the privilege of exploitation. Conserving soil 
through the use of terraces is thousands of years old. In the earliest 
colonial days in this country, such leaders as George Washington wrote on 
the importance of contour planting, cover crops, rotations, and strip 
cropping. Unfortunately, good advice is not always heeded, and a gen
eral consciousness of the need for soil-conserving practices has been de
veloped only recently. 

Contouring is a system where crops are planted in rows which are at 
the same level across the field. This often results in curved rows and 
some short ones when the degree of slope varies. Cultivation is always 
along the rows rather than up and down the hill. Water Hows down the 

FIG. 4-11. A section of an experimental orchard planted on the contour and stripplanted. Trees at standard distances soon crowded because of reduced soil erosion and water runoff. (URl photo. ) 

slope slowly because of the numerous ridges and depressions de
veloped during cultivation. In a contoured orchard, the space between 
tree rows becomes level and all the drop from row to row may occur in 
the rows themselves where some grass and weeds are allowed to grow 
to slow up water movement. If the soil has a good structure, practically 
no runoff occurs. Contoured land may be in sod also. With contouring, 
the efficiency of men and equipment will be increased since most travel 
is on the level. 
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Strip cropping consists of cultivating alternate strips of land across a 
slope. It is especially desirable if the slope is steep. Any water and soil 
which does wash off the cultivated areas is caught in the sod strip next 
below. The strips in sod and row crops may be alternated to secure crop 
rotation. In plowing sloping land, the furrow slice should be thrown up
hill to help counteract erosion losses. 

Sod culture is suitable for some orchard crops and affords one of the 
cheapest systems of management. Soil erosion need be no problem, and 
there is less danger of tractors and sprayers becoming stuck during wet 
weather. Since the sod competes actively for water and nutrients, this 
system is not satisfactory for vegetables, flowers, or small fruits. Only the 
deep-rooted tree crops do well under this system, and then only when 
extra fertility is provided. A modification of sod culture where the grass 
is cut and placed under the trees as a mulch is quite generally recom
mended in many fruit-growing regions. 

Clean culture is the system most commonly used with vegetables, 
flowers, small fruits, and some tree fruits (peaches and citrus). The soil 
is kept free of all competing plants through frequent cultivation or, more 
recently, with the assistance of chemical herbicides. Clean culture re
quires a maximum of labor and results in more soil erosion than other sys
tems. However, there is less competition for the available water and 
nutrients. Insect and disease control may be simplified. Deep cultivation 
may be used to increase water loss from the soil and thus reduce the 
time necessary for the soil to warm up in the spring. During the grow
ing season, cultivation should be as shallow as is practical for the control 
of the weeds and the breaking of any surface crust. Under clean cul
ture, the organic-matter supply of the soil is oxidized and lost quite 
rapidly. 

To minimize the erosion of the soil and to slow up the loss of organic 
matter, the growing of green manures, or cover crops, is recommended. 
These crops-ry~ wheat, oats, buckwheat, soybeans, millet, Sudan grass, 
rape, clover, etc.-are sown on the land beJore or after a cash crop is 
grown. Their presence reduces loss of soil and nutrients. When plowed 
under, they add to the organic-matter supply, as noted in the earlier dis
cussion of organic matter. 

Land preparation by deep plowing has lost favor in some areas. Har
rowing the cover crop into the topsoil leaves a rough, trashy surfac~ 
quite satisfactory in orchards and for some of the large-growing vegeta
ble crops. Such a soil has good structure, is well aerated, takes water 
rapidly, and has decaying organic matter near the surface. Such soil 
preparation is not as desirable for small growing and fine crops such as 
carrots and beets. Planting and cultivating equipment tends to be 
clogged by bits of plant residues. 
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The system of soil management selected will vary with conditions of 
soil, climate, crop, and topography. The emphasis on soil conser·vation 
and :.:educed costs is likely to continue. 

SOIL TESTS 

The trained and experienced horticulturist can tell something of a 
soil's productivity, texture, and structure by observation and handling. 
The type, condition, and amount of natural vegetation are revealing. 
While quack, or witch, grass (Agropyron repens) is generally considered 
one of our worst weeds, its presence is evidence of considerable fertility. 
Blueberry, laurel, and rhododendron are usually found on acid soils, and 
a good stand of alfalfa may indicate the presence of lime and good drain
age. Important as are these signs, quick objective tests are desirable. 

State colleges and universities, county agricultural agents, and others, 
including some commercial concerns, provide chemical testing of soil. 
These tests are measures of availability rather than the total amount in 
the soil. Most garden-crop soil-test reports show (1) soil texture, (2) soil 
pH, (3) available phosphorus, and (4) potassium. A report on nitrogen 
is of relatively little value unless exact information on crop, tempera
ture, season, etc., is supplied, because the amount of this element varies 
so greatly from week to week. Under field conditions it is almost always 
in limited supply. In some instances, information on magnesium and 
some other elements may be useful. With greenhouse soil normally held 
at a high level of fertility, nitrogen level may be reported and is of sig
nificance. The report may be in terms of parts per million (ppm) rather 
than in generalized terms such as very high, high, medium, low, or very 
low. The report in terms of total concentration of soluble salts may be 
very important in cases of heavy fertilization. Too high a concentration 
will cause death to the plants through exosmosis and plasmolysis. 

The report on soil texture is significant in determining the amount of 
lime and fertilizer to be added. As indicated earlier, a sandy soil has 
very little buffer capacity, and thus small amounts of lime cause desired 
changes in pH, and less fertilizer may be safely added at one time. With 
heavier, or organic, soils, larger amounts are necessary to accomplish 
the same results. The pH is helpful in determining the amount of lime 
required for the best production of a given crop. The information on 
other elements is also used as the basis for determining both amount and 
formulation of fertilizer to use. Thus a soil reported as medium in phos
phorus but high in potassium might be treated with a 5-10-5 fertilizer, 
while one medium or low in potassium might be treated with a 5-10-10. 
Soils low or medium in both phosphorus and potassium might receive 800 
to 1,000 pounds per acre of a complete fertilizer, while one showing a test 
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of high would produce equally good crops with 600 pounds. Of course, the 

crops being grown, the intensity of culture, and other factors would 

govern actual recommendations, but the usefulness of the tests as a 

guide is well established. 

It should be emphasized that the results of chemical tests are only one 

of the facts upon which to base judgment as to best cultural practices. 

They are not infallible, nor can they replace common sense. Since soils 

change somewhat from year to year because of the amendments added 

and crops harvested, frequent tests are desirable. 

The importance of a good sample should be emphasized. A common 

practice is to take several samples from different parts of an area of 

similar character, mix them thoroughly, and submit about a 34-pint sam

ple for testing. It is wise to avoid the top inch or two, which frequently 

includes considerable organic material and is not truly representative 

of the soil permeated by the roots. One should not be surprised to find 

that surface applications of lime and phosphorus do not quickly affect 

the test of the soil 3 or 4 inches below the surface. These materials have 

very low solubility and leach downward very slowly. 

Field soils have been the main concern of the discussion in this chap

ter. The soils used in greenhouses and small gardens may be specially 

prepared and are handled somewhat differently. Some of these differ

ences will be discussed later. 

QUESTIONS 

1. What are the basic factors whICh influence soil properties? 

2. What is meant by the term soil horizon? How do A and B horizons differ? 

3. Distinguish between soil texture and structure. How may man influence 

soil structure? 
4. What is the significance of soil-reaction reports of pH 4.5, 5.5, and 6.5!' 

How does soil reaction influence soil fertility? 
5. What are the nutrient elements most generally applied in chemical ferti

lizers? List common carriers for at least four. 
6. What is the place of foliar fertilization in present-day horticultural prac-

tice? Is it likely to change? 
7. Discuss the role. both favorable and unfavorable, of soil organisms. 

8. What are some of the functions of soil organic matter? 

9. What types of soil water are :ecognized and what is available to the plant? 

10. Discuss wilting point and field capacity. 
1 L Why do both the youngest and oldest leaves usually suffer most from lack 

of water during a drought? 
12. Why is thorough watering once a week preferred to daily sprinklings ap

plying the same total amount? 
13. How is soil air influenced by cultural practices? 

14. What may be the origin of an impervious layer in the soil? Is dynamite al

ways a good way to destroy such layers? Explain. 
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15. What is contouring? What are the advantages and disadvantages of the system? 
16. What are the advantages and disadvantages of clean cultivation? 
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CHAPTER 5 

Plant Propagation 

The techniques of propagation are used by horticulturists to perpetuate, 
increase, improve, and repair available plant materials. The method 
used mtlst take int') account speed and cost, as well as the peculiarities 
of the plant concerned. The cheapest or easiest method will be developed 
and most commonly used, even though several are possible. 

Plants may be propagated from seeds (sexual) or vegetative parts 
(asexual). In sexual reproduction, the new plant results from the growth 
of a cell which is the product of the union of female and male elements 
produced in blossoms. In asexual reproduction, vegetative portions of 
the plant are so treated as to induce the development of pew stems and 
leaves or roots, as the case may be. Such new plants are genetically 
the same as the original plant. 

Seeds may carry a genetic composition or heredity similar to that of 
the plant on which they were borne, or may represent a new combina
tion of characters which difters somewhat from that of the maternal par
ent. In the first instance, fertilization was accomplished by pollen of the 
same plant or by pollen of other plants of the same variety or strain 
( self-fertilized). In the second, pollen from a different variety was in
volved. 

Much crossing takes place in nature. By selection, a wild population 
may become quite similar in appearance and response, although not 
genetically exactly the same (French seedling apples). To secure im
proved plants, breeders make controlled crosses in the hope of combin
ing the good characters of one plant with those of another. Such crosses 
are usually tediously made by hand, and it may take six to ten years or 
generations before the breeder is able to stabilize the inheritance of a 
new variety so that it will come true from seed.1 To maintain a new 

1 Seeds may be considered as breeding "true" from the commercial standpoint with
out being 100 per cent the same genetically. Occasional variants may appear and even 
superior nybrids, which, by selection of seed source, may gradually change a variety. 

107 
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variety, seed stock usually must be grown in widely isolated fields to 
limit contamination from other varieties. Such strict isolation is not neces
sary with plants which are primarily self-fertile (tomato). Usually, prop
agation by seed is cheaper and easier than other methods and is used 
where possible. Seeds are used to propagate most vegetables and annual 
flowers. 

Many plants cannot be reproduced satisfactorily from seed. With 
some, viable seeds are rarely, if ever, produced. Examples are the Irish 
potato, the Navel orange, Thompson seedless grape, and some ornamen
tal shrubs such as the hydrangea and snowball (viburnum). More fre
quently, the desired variety characteristics are not genetically stabilized 
in the seed, such as with apples, peaches, pears, raspberries, and plums. 
Planting seed from good varieties of these fruits usually results in the 
reproduction of an irJerior plant and fruit. Thus planting seeds of Mc
Intosh or Elberta VI-ould result in apple and peach trees, repectively, 
bur they would not yield McIntosh apples or Elberta peaches. Since the 
genetics of the apple is rather complex, there would be little chance of 
securing a usable apple fruit. The chance of securing a peach resembling 
Elberta would be better, but not enough so to justify the practice. 

While it would theoretically be possible to stabilize the genetic situa
tions within any plant producing viable seed so that varieties could be 
grown true from seed, it is not always practical or desirable. The prop~r 
evaluation of a tree-fruit variety may take 10 to 15 years for each of sev
eral generations, and by that time the market demand may be quite dif
ferent. Therefore stabilization to allow for seed propagation is not practi
cal. In a few cases, as with the strawberry, veget'ltive propagation of 
plants of field-setting size is quicker and less expensive. Some seeds are 
germinated with such difficulty or take so long (blackberry) that another 
method of propagation would be preferred. 

The propagator may be interested in reproducing a portion of a plant 
which differs from normal in some character. The development of a 
solid-red-colored fruit on a tree which normally produces striped apples 
may be the result of a sport, or mutation (a real genetic change), or the 
effect of certain growth conditions. Testing to determine which is in
volved depends upon vegetative propagation. Similarly, variations in leaf 
color on ornamentals, doubleness in normally single flowers, earliness, 
productivity, and hardiness occasionally occur. The horticulturist should! 
always-be on the alert to note these variations. Those which are desirable 
should be perpetuated. In order to make certain that the variation is not 
due to soil, climatic differences, or injury of some sort, it is necessary to 
reproduce from the section of the plant prodUcing the desired charac
teristic. A single small b:-anch may be all that is involved. 
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SEEDAGE, OR SEXUAL PROPAGATION 

A seed may be defined as the fertilized ripened ovule of a plant. It 
includes an embryo plant, consisting of a rudimentary stem and root, 
together with a supply of food usually sufficient to establish the plant 
in its new location. The amount of food available in seeds will vary 
greatly between kinds of plants. The seed is enclosed in a protective coat 
which may be thin and easily broken or thick or hard. The viability 
(ability to grow) and longevity (period of viability) of seeds are char
acteristics of kind and variety. Environmental conditions, both before 
and after harvest, are also important. Some seeds are notably weak and 
have a low germination rate; some are short-lived; while others, such as 
the mustard, may remain viable in the soil for many years. 
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cotyledons 
::~~L--hull 
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~-:I-- root tip 

FIG. 5-1. Seed structure. (A) A Lima bean laid open to show the parts of the 
embryo, natural size; (B) longitudinal section of a grain of corn, X 3. (After A. W. 
Haupt, "An Introduction to Botany," 3ci eel., McGraw-Hill Book Company, Inc., Fig. 
148, p. 212.) 

In general, seeds produced on weak plants are deficient in stored 
foods, have small embryos, and may be expected to produce less vigor
ous seedlings than those from well-grown plants. Maturity is also impor
tant. Those seeds that are harvested before they are mature may 
germinate, hut are less likely to do so under unfavorable conditions and 
tend to lose their viability more quickly than fully matured seeds. As 
stated ahove. seeds nu)' greatly in the length of time they stay viable, 
but with a few exceptions. they decrease in viability as they increase in 
age. 
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Seeds should normally be stored in a relatively dry location at a rather 
low temperature. However, seeds of a few species must be kept moist in 
order to maintain good viability (apples and pears). With such seeds, 
maintaining a low temperature is especially important. The longevity 
of the seeds of some commonly grown flowers and vegetables is listed in 
Table 5-1. These figures have significance only if seeds are held under fa
vorable storage conditions. 

Table 5-1. Approximate Longevity of Well-stored Seeds of Some Common 
Vegetables and Flowers 

1 year Sweet corn, onion, parsnip, okra, parsley 
Delphinium, candy tuft (lberis umbellata) 

2 years Beet, pepper, leek, chives 
Aster, strawflower, sweet pea 

3 years Asparagus, bean, carrot, celery, lettuce, pea, spinach, tomato 
Aster, phlox, Verbena grandiflora 

4 years Cabbage, cauliflower, Brussels sprouts, Swiss chard, kale, squash, 
pumpkin, radish, rutabaga, tttmip 

5 years Cucumber, endive, muskmelon, watermelon 
or more Shasta daisy, cosmos, petunia, scabiosa, marigold, pansy, sweet alys

sum, pink, hollyhock, stock, nasturtium, zinnia 

GERMINATION 

The process whereby the embryo renews growth and breaks through 
the seed coat is known as germination. The principal factors influenc
ing seed germination are moisture, temperature, and oxygen, although 
with some, light is also a factor. 

Moisture. The amount of moisture necessary for germination varies 
from approximately 43 per cent by weight for corn to 120 per cent for 
sugar beets. This intake of moisture results in a considerable increase in 
volume and the ultimate breaking of the seed coat. The added moisture 
activates enzymes already present in the seed, which in turn transform 
some of the stored-food material (starch, sugar, and/or fat) into energy 
and the chemical compounds used for the production of new cells and 
tissues. 

Providing moist soil 'is all that is necessary to start the germination of 
most seeds. Some, however, because of an impervious 3eed coat, fail to 
absorb sufficient moisture or oxygen without special treatments. The 
"overprotective" coat of such seeds must be altered by chemical or 
mechanical means. Soaking for a short time in sulfuric acid is recom
mended for strawberry, blackberry, and sometimes spinach. Scoring in
dividual seeds with a file or carefully cracking large seeds such as nuts 
and peach pits is effective. Occasionally, the rough treatment in mechani
cal thrashers is sufficient .to cause weakening of the hard seed coat. 
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Placing seeds outdoors during the winter where they are kept moist and 
subjected to alternate freezing and thawing may accomplish the desired 
results. The speed of germination may be increased by soaking seeds in 
water overnight. This treatment is particularly important when the soil 
is cold, resulting in a slow absorption rate, and also when the soil is 
relatively dry. 

c 

A 

c B c D 

FIG. 5-2. (Left) Successive stages in the hypogean germination of Indian corn (Zea 
milys), one-haU natural size. s, shoot developing from plumule; r, primary root; a, 
adventitious roots. (Right) Successive stages in the epigean germination of the kidney 
bean (Phaseolus vulgaris), natural size. h, hypocotyl; 1', primary root; c, cotyledon; 
s, shoot developing from plumule. (After A. W. Haupt, "An Introduction to Botany," 
3d ed., McGraw-Hill Book Company, Inc., Figs. lS{}-ISI, pp. 215-216.) 

Temperature. Temperature affects the rate of germination by influenc
ing the rate of water intake and the speed of respiration. The ideal tem
perature range for species varies, some germinating at a relatively low 
temperature and others only at a somewhat higher temperature. Table 5-2 
gives temperature ranges for several vegetable seeds as compiled at the 
University of California. 
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Table 5-2. Soil Temperature Conditions for \;egetable-seed Germination 

Minimum Optimum Optimum, Maximum, 
Crop of range, of of of 

Bean 60 60-85 80 95 
Bean, Lima 60 65-85 85 85 
Beet 40 50-85 85 95 
Cabbage 40 45-95 85 100 
Carrot 40 45-85 80 95 
Corn 50 60-95 95 105 
Cucumber 60 60-95 95 105 
Lettuce 35 40-80 75 85 
Onion 35 50-95 75 95 
Pea 40 40-75 75 85 
Radish 40 45-90 85 95 
Squash 60 70-95 95 100 
Tomato 50 60-85 85 95 
Watermelon 60 70-95 95 105 

Temperatures may be too high for satisfactory germination, as well as 
too Iow. Fresh lettuce seed may become dormant at a temperature of 
86°F or higher. Low temperature may not prevent germination, but by 
greatly reducing the growth rate may prevent emergence of the seedling 
from the soil. Seeds Iow in stored foods or planted rather deeply are 
more likely to be adversely affected. 

Soil Aeration. Considerable oxygen is necessary for the rapid respira
tion involved in the conversion of food materials into the compounds 
necessary for the production of new cells and the energy necessary for 
plant growth. Seeds in heavy soils may show very poor germination, espe
cially during a wet spring. Lack of oxygen may be responsible. Too deep 
planting should be avoided also. Deep soil preparation is usually helpful 
in drying out the soil and improving aeration. 

Light. The influence of light on seed germination varies considerably. 
Light is necessary for some varieties of lettuce, but lilies do better in 
complete darkness. Seeds of many plants, including cabbage, bean, pea, 
pecan, peach, and blackberry, will germinate well regardless of light 
conditions, provided other factors are satisfactory. 

Dormancy and Rest. A seed may be considered dormant from the time 
when it is mature until it starts to grow, no matter what is lesponsible 
for inactivity. Some mature viable seed:: will not germinate even though 
environmental conditions appear to be ideal. This failure to germinate 
is due to physiological conditions within the seed and is spoken of as 
rest. With some, the embryos are not fully developed and they must at
tain maturity before germination will take place. This may take weeks or 
months. The amount of rest varies from a few days to years and is some
times influenced by postharvest treatment. 
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Time, low temperature, and occasionally moisture are involved in 
breaking the rest period. Rather intricate procedures have been de
veloped for the handling of some especially difficult seeds. For example, 
the blackberry may require a relatively low temperature for 120 to 150 
days to ensure good germination. Seed placed in flats outdoors may 
germinate over a period of three years. It may be possible to decrease the 
total elapsed time by raising and lowering the temperature at intervals. 
Most vegetable seeds, including watermelon, tomato, and eggplant, may 
he expected to germinate at any time when condiiions are favorable, but 
new carrot seed may take three months to germinate and holly seed has 
heen known to take from one to three years. This response should not be 
confused with viability. The seeds are perfectly viable and will germi
nate well and produce very satisfactory plants following this rest period. 

Seed Treatments. Both insects and diseases may be seed-borne. Con
trol by seed treatment is sometimes possible, and much of the seed stock 
offered for sale has already been treated. 

The organisms causing some seed-borne diseases are on the surface 
and may be controlled by chemical treatment. Such diseases include 
anthracnose of melon and the various fungi causing damping-off of 
seedlings. With anthracnose, the presence of the disease will not be evi
dent until the plants are of considerable size, whereas the organisms 
causing damping-off start development as soon as the seeds germinate 
and may cause a complete loss of the small plants. Seed treatment may 
also protect young seedlings from soil-borne disease at the time of 
germination, when they are especially vulnerable. Bichloride of mercury, 
copper sulfate, formaldehyde, and oxide of copper are among the 
chemicals used. Commercial compounds include Semesan, Arasan, and 
Spergon. 

When the disease organism is found beneath the seed coat, surface 
applications with chemicals are not effective. Some of these seeds may 
he treated with hot water for a period of time sufficient to kill the dis
ease without destroying the viability of the seed. In other cases, suffi
cient heat to kill the disease will weaken or destroy the viability of the 
seed. 

There is no treatment for control of virus diseases, some of which may 
he seed-borne. Since the seed carrying virus is usually indistinguishable 
from unaffected seed, the only hope of control is selection of seed from 
plants which are disease-free. Insects infest some seeds. Weevils in bean 
may he controlled by fumigation with formaldehyde or carbon bisul
fide. When seed is not treated, the weevils may develop within the seeds 
and render them incapable of germination. 

Pelleted Seeds. Even distrihution of very small and irregular seeds is 
often a problem. Seeding is difficult hy hand and may he almost impos-
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sible by machine. A pelleting procedure has been developed whereby 
individual seeds are coated with a material which may contain a fungi
cide fc: control of soil- and seed-borne disease and chemicals to stimu
late growth and encloses the seeds in spheres of uniform size. Pelleted 
seed is much more easily sown at regular intervals and, because of the 
additions mentioned above, may produce better plants. Extra cost, in
creased weight for storage and shipment, and interference with water 
absorption may be classified as possible disadvantages. 

Seed Testing. Seeds may be tested to determine both purity and via
bility. Seed samples are examined, some of them under the microscope, 
to determine the presence of mixtures and especially noxious weeds. 
Some of the most troublesome weeds have been spread in seeds of culti
vated crops, and as a result many states now have laws which limit the 
amount of weed-seed impurities which will be allowed. While most seeds 
may be identified by structure, this is not true of some of those which 
are closely related, such as cauliflower and cabbage. Only by knowing 
the source of the seed can one be sure which plant will develop. 

The second method of testing seeds involves a determination of via
bility using controlled cond (tions for germination. One of the oldest and 
simplest methods is the "rag doll," where samples of seed are placed 
upon a piece of cloth which is then rolled into a "doll." The ends are held 
together with string or elastic bands. This unit is thoroughly soaked 
and then kept warm and moist so that seeds have favorable conditions 
for germination. After a specified time, the cloth is unrolled and the per
centage of seed germinated is determined. Modifications include blot-

FIG. 5-3. Seed viability may be tested prior to planting by providing satisfactory 
temperature, light, and moisture. (A) Rag doll before rolling; (B) several rolled dolls 
in shallow pan of water to provide moisture; (C) earthenware plate covered with bell 
jar to hold in moisture; (D) seed between layers of moist blotting paper. 
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ting paper and special clay or other ealthenware starting trays with a 
bell-jar cover to maintain high humidity. The principle is the same. 

Modern seed houses carry on their own germination tests and prir.t a 
germination rate for the particular seed involved on the package. Fed
eral and/or state laws set minimum requirements as to germination 
which must be met by companies within the area. It should be not'ed 
that there is a difference between viability and vitality, or vigor. The 
fact that a seed will germinate does not necessarily ensure good growth 
in the field. In order to be successful in the field, there must be enough 
food material to support growth until such time as the plant is large 
enough to maintain itself. The importance of patrOnizing a reliable 
seedsman who will provide only seeds which are grown under good 
conditions, have been properly stored, and are not too old cannot be 
overemphasized. 

SEEDING 

Seeds may be planted directly in the field or in flats or beds in the 
greenhouse or cold frame. Starting plants inside will be treated in Chap
ter 7 (Vegetable Crops), and special soil preparation for starting seeds 
ins.de, including soil sterilization, will be covered in Chapter 10 (In
duor Floriculture). The discussion in this chapter is restricted to a con
sideration of planting outside, directly in the field. 

Depth of Planting. Seeds vary greatly in size. The depth 'of planting 
should be related to the size of the seed and also to the way the young 
plant develops, time of year, soil type, and the moisture supply. Since a 
small seed has less food material, there may not be enough to develop a 
long stem and the energy to push it through the soil. Therefore the smaller 
the seed, the nearer to the surface it is usually planted. 

A second factor influencing planting depth is the type of growth 
made from the seed. For example, the large cotyledons of the bean are 
pushed up through the soil and considerable energy is required. Deep 
planting will most certainly result in a poor stand, since many seeds 
will start growth but fail to force these cotyledons through a heavy 
mass of soil. With the pea, another legume, the cotyledons remain in 
place and a thin pointed stem is pushed up through the soil. Less energy 
is required, and deeper planting is possible. 

Since oxygen is necessary for the respiration, which proceeds at a 
rapid rate during germination, seeding to a depth where the oxygen 
supply is limited will result in failure. This explains the fact that deeper 
plowing of a field which has been practically weed-free for years may 
be followed by a crop of weeds of a species not seen for a long time. 
Pianting must be limited to the depth of the soil which has good air 
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circulation. A heavy soil which is compact will have sufficient oxygen 
only in the topmost portions, whereas a sandy soil, especially if it has 
been well cultivated, will supply enough oxygen for germination at a 
considerably greater depth. The lighter soil may be more easily pene
trated by the growing point of the young plant, and this fact allows 
for deeper planting also. 

As mentioned above, it is essential that the seed absorb a consider
able amount of moisture before the metabolic processes necessary for 
germination can take place. Early in the season, when there is plenty 
of moisture in the topsoil, rather shallow planting may be satisfactory. 
During the middle of the summer, when the temperature is high and 
there has been relatively little rainfall, the topsoil dries out and deeper 
planting may be necessary to provide sufficient moisture for germina
tion. Warm summer temperatures may result in more rapid and stronger 
germination and growth, and seedlings will push through a greater 
amount of soil than would be possible in the spring. Thus the danger 
of too-deep planting is reduced. 

It is sometimes necessary to provide extra moisture by irrigation or 
to use the protection of a mulch or boards over the newly planted seeds. 
Such treatments are particularly helpful in promoting rapid germination 
of late garden vegetables or perennial flowers during extremely hot, dry 
weather. Soil coverings conserve moisture, prevent the surface soil from 
drying out and forming a hard crust, and keep the temperature lower 
and more constant. It is important that covering materials be removed 
promptly as soon as the seeds begin to break through the soil. 

Spacing Seeds. The thickness of planting is also a factor to be con
sidered. The desirable distance between plants varies with the particular 
species or variety being grown. Obviously, seeds must be planted at 
least as close as the desired distance between plants. However, since 
under field conditions germination is never 100 per cent perfect, seeds 
must be planted closer to secure a full stand of plants. Past experience 
with a particular crop, germination tests, time of year, etc., should be 
used to determine the thickness of planting. 

Planting seeds too close is not only wasteful but may result in poor 
growth. The competition of many seedlings for the available supply of 
moisture and nutrients may be such that none of them do well. More
over, when plants are too thick, it is necessary to remove some (thin
ning) so that the others can develop. Considerable hand labor may be 
required. Damage to the seedlings which are left in place may result 
during the thinning process. This is particularly true if the thinning oper
ation is not done promptly and when plants are very close together. 

Irrigation. If irrigation is used to favor germination, it is very important 
that the moisture supply be maintained at a high level until the roots 
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have become established at a considerable depth. Once seeds have be
gun to germinate, they are very susceptible to drought injury, whereas 
before the process has started, they may stay in a viable condition in the 
soil for a matter of weeks or even years. Thus, in establishing lawns in 
the summer, the advice is either not to water artificially at all or to be 
prepared to water regularly for a period of several weeks. As mentioned 
earlier (Chapter 4), when irrigation is practiced, it is desirable that the 
soil be raised to field capacity to a considerable depth. Irrigation of 
newly planted seeds should be gentle enough to avoid washing. 

Hybrid Seeds. Crossing two varieties or closely related species often 
leads to increases in productivity, more rapid growth, tolerance to ad
verse growing conditions, or resistance to disease. These advantages are 
said to be due to a phenomenon called hybrid vigor. Practically all the 
sweet corn grown today is the result of hybridization, and many other 
vegetables and some ornamentals are available in this condition. In most 

A B c E 
FIG. 5-4. Stages in controlled pollinization of blossom. (A) Female, or pistillate, 
flower is selected just before it opens, petals removeu (B) and stamens cut or pulled 
off (C). Pollen from the male, or staminate, flower is placed on the receptive stigma 
using a camel's-hair brush (D) and the blossom protected from other pollen (E) 
with a gelatin capsule or paper or cloth bag. The exact teehniyue varies somewhat 
depending upon th~ species. 

cases, the hybrid seed is the result of a simple cross between two inbred 
lines, or varieties, although more than two "parent" stocks may be in
volved. With corn, some four parents are involved in the production of 
the hybrid variety. The resulting first-generation plants are known as 
Fl hybrids. 

In its simplest form, then, a hybrid is a first-generation cross between 
two varieties whereby desirable characters of both may be combined 
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and vigor intensified. The seeds will produce great uniformity of prod
uct. It is important to know, however, that seeds from many first-gen
eration, or FI, hybrids are not satisfactory for crop production. If these 
seeds are planted, considerable segregation will take place, and some 
plants will have the characteristics of each original parent, while others 
may carry simple or complex characteristics, depending upon the genetic 
complexity involved. Plant breeders do plant these seeds and select 
the more desirable plants of the population for continued crossing, back
crossing, and inbreeding until they eventually secure a plant with de
sirable characteristics stabilized so that it comes true from seed. This is 
a new variety and not a hybrid. 

The hybrid-seed industry is based on the production of new seed 
each year from the controlled pollination of the selected parents found 
to produce the desired combination of characters in the progeny (off
spring). This explains why such seed is somewhat more expensive than 
ordinary seed. Plant breeders are working to reduce seed costs by the 
use of F 2s which are horticulturally acceptable.2 While the home owner 
could, of course, do the crossing and produce his own hybrid seed, it is 
generally a process which should be left to the commercial seedsman. 

Saving Seed. The seed of plants which are self-pollinated or are grown 
far enough away from other plants of the same type or species so that 
cross-pollination does not occur may be saved by the home owner and 
market gardener, as well as by the seedsman. By saving seed from 
superior plants, the varietal characteristics may be maintained or even 
improved. Some desirable selections have been found by home owners 
and may have been passed down for generations. Selection of seed can 
be an interesting hobby. 

Only properly developed and mature seed should be saved. However, 
the seed must be collected before the pods or seed carrie-s shatter. The 
seed heads are carefully cut and placed in a warm dry place where 
the seed can continue to ripen. The seed is then separated from any 
accessory material, treated with a seed disinfestant, and stored in a dry, 
cool place during the winter. It is important that all seeds be labeled 
properly and protected from insects and rodents. 

The commercial production of seed is restricted to areas which are 
relatively free of a given disease and where the climate is most favor
able for the production of disease-free, vigorous plants. Since seed is 
such a small part of the expense of growing most vegetables and flowers, 
it will usually pay to let the professional supply most gardeners. 

, The several generation:; from a cross are numbered in order. Thus F, means the 
seeond generation, Of the seed resulting from the planting of the first hyhrid. Segre
gation into originnl tyP('s will ocenr hut mny be acceptahle. 
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VEGETATIVE, OR ASEXUAL, PROPAGATION 

As stated earlier, vegetative propagation is necessary for plants and 
varieties which do not produce seed regularly or do not come true from 
seed. Vegetative propagation methods are employed also to ensure 
hardiness of certain parts of a plant (double-worked apple trees) and 
to secure dwarfing effects, resistance to certain diseases, and better 
adaptability to a given soil. For asexual propagation, the plant part 
concerned must be able to produce meristematic tissues. This may be 
just roots, as with the geranium, or both roots and stem, as with the 
African violet. 

Controlled conditions of temperature, moisture, light, and oxygen sup
ply are necessary for successful propagation by vegetative means. The 
use of certain hormone materials may speed the development of roots 
on some plants. The more common methods of asexual propagation, in
cluding cuttage, layerage, division, the use of bulbs, and other special 
modified structures and graftage will be discussed briefly. Plants prop
pagated from parts of a single original seedling, or sport, are designated 
as of a specific clone. 

CUTTAGE 

Cuttage is one of the most commonly employed methods of asexual 
propagation and is widely used for the propagation of ornamental plants, 
both in the greenhouse and in the field. Cuttings may be made from 
roots, leaves, stems, or modified stems such as tubers, rhizomes, etc. 
While, theoretically, all plants should be capable of propagation by 
cuttings-that is, all plants with primary meristem-some are less suc
cessfully reproduced in this manner than others, and only experience has 
determined the best method for a particular plant. 

Media for Cuttings. Cuttings are ordinarily placed in media which will 
provide support and environmental conditions necessary for the develop
ment of roots and/or stems. Such media should hold moisture but allow 
for good aeration and should be free of organic materials which would 
support disease or bacteria. 

Clean, sharp sand is more commonly used for cuttillgS than any other 
material. The sand should be changed frequently or sterilized from time 
to time to increase the safety from disease. Dead leaves and cuttings 
should be removed frequently. Peat has been used successfully for 
some plants, particularly in the propagation of the high-bush blueberry. 
Comhinations of peat and sand are frequently hetter than either alollt'. 
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Venniculite is a widely used material for propagation. It is practically 

steri!e and holds a large amount of moisture. Some grades may hold too 

much moisture and provide conditions favorable for rot organisms. 

Sphagnum moss, which is essentially sterile, is a satisfactory rooting 

medium for some cuttings. The material in the propagation bench is not 

expected to provide nutrient elements and is simply used to hold the 

cutting physically and supply moisture and oxygen while roots are de

veloped from the stored food in the cutting itself. It is important to 

keep all rooting media moist, but not waterlogged. 

Cutting Beds. Greenhouse benches, cold frames, fiats, and large pots 

may be used to hold the rooting media. Four to six inches of material is 

frequently used and should be thoroughly wet and finnly packed. Holes 

in the bottom boards or spaces between boards or cement slabs will take 

care of ordinary drainage. For some plants, however, a bottom of 'l.4 -inch

mesh galvanized wire may be desirable to provide better aeration as 

well as drainage. 
Cutting beds are frequently placed over steam pipes so that bottom 

heat may be supplied to promote the development of roots. The tem

perature affecting the tops may be held low to discourage excessive top 

growth. The top of the cutting area may be enc10sed with glass or 

polyethylene to maintain high humidity. This i~ especially important 

with softwood cuttings where active foliage is !·,>,olvf:,d. A fine mist 

spray is being used to keep the foliage of cutklg~ !'.Dl tinually moist. 

Under such conditions, full light, permitting a 'hli!;h' n\~~ of photosyn

thesis, may speed up rooting. While this extremely hig'} lr Imidity would 

seem favorable to disease development, in practice it h;l.~ U(·t proved 

to be so. Cutting beds are usually faced north tlr are shaded to help 

maintain a more even temperature, day and night 

ROOTCUTTINGS 

A plant which naturally sends up shoot~ (suckers) from the root 

system is most satisfactory for propagation by root cuttings. This method 

is common with blackberry, raspberry, and sweet potato and may be 

used for apple, pear, plum, lilac, phlox, and perennial gaillardia. Root 

cuttings are not satisfactory for the reproduction of a variety which is 

grafted to a special rootstock (French hybrid lilac or dwarf fruits). 

While there are numerous variations in the technique of making root 

cuttings, sections of root about ~ inch in diameter and from 2 to 6 

inches in length are generally used. They may be taken in the fall or 

early winter and stored in sawdust or sand in a cool, damp place to al

low for the formation of callus tissue. Cuttings may be taken in early 

spring also. They are usually planted horizontally in the field or in 
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special beds, 1 to 3 inches deep. One or more shoots develop from ad
ventitious buds on the roots, and new roots form on the portion of this 
new shoot below soil level. 

With sweet potato, the whole tuber (fleshy root) is planted in a warm 
frame and several shoots develop, each of which roots at the base. These 
rooted shoots are taken off to start new plants. Two or more sets of 
rooted shoots may develop from the same tuber. Stem cuttings may be 
made also. With blackberries and, to some extent, raspberries, an en
tire field may be repeatedly harrowed so that roots are cut into small 
pieces. Shoots and new roots develop freely from these old root pieces. 
A great number of plants may be secured from a given area. 

The development of new varieties of Irish potato is accomplished by 
the controlled crossing of lines or varieties and the selection through 
successive generations of superior plants, as was detailed earlier. How
ever, few have ever seen the small tomatolike seed-bearing fruit which 
occasionally develops on potatoes. The commercial reproduction of an 
established variety is from the use of whole or pieces of subterranean
developed stem tubers. The "eyes" of the potato tuber, concentrated 
at the point farthest from the point of attachment, are buds. At least 
one bud must be present on each "seed piece." Both roots and a stem 
develop to make the new plant. 

STEM CUTTINGS 

Stem cuttings may be used to propagate both herbaceous and woody 
materials. With woody plants, the cuttings may be taken during the 
active growing season (softwood), in late summer (semi-hardwood), or 
during the dormant period (hardwood). 

Herbaceous Materials. Herbaceous cuttings are normally used for the 
greenhouse propagation of such plants as chrysanthemum, geranium, 
and carnation. A portion of stem, normally including a growing tip, is 
used. Cuttings vary in size, but are usually from 3 to 6 inches in length. 
While the basal leaves are removed so that they will not rot in the 
propagating media, as many leaves as possible are left on top. It was 
once common practice to reduce the number or size of leaves on the cut
ting to cut down transpiration. However, it has been determined that 
the manufacture of food by these leaves is so essential to good root forma
tion and rapid growth that it is better to leave them on and concentrate 
on maintaining high humidity as a means of controlling excessive trans
piration. 

Cuttings are normally spaced from 1 to 2 inches apart in rows about 
2 inches apart. The sand or other rooting medium is pressed firmly 
about the base of the cuttings and ordinarily watered thoroughly to en-
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sure close contact. While light, temperature, and moisture requirements 
vary somewhat, generally humidity should be high, light somewhat sub
dued, and the temperature low. The lower temperature cuts down the 
rate of respiration and transpiration more than it does the rate of photo
synthesis. Thus the cuttings manufacture food rapidly but do not use 
either food or water through respiration and transpiration at too 
great a rate. The rooting area or media should be kept 5 to 10° warmer 

A B c 
FIG. 5-5. Cuttings may be used to reproduce many plants. Examples above include 
softwood-stem cutting of geranium (A), leaf cutting of African violet (B), and dor
mant, or hardwood, cutting of blueberry. 

than the air temperature to induce more rapid rooting. A media tempera
ture of 65 to 70°F is satisfactory for rapid root development on many 
plants. 

Woody Plants. Softwood cuttings may be made of privet, rose, blue
berry, and some other plants in a manner similar to that described for 
herbaceous cuttings. At the season when soft growth is available, condi
tions are favorable to development of disease and heavy losses are fre
quently experienced. Temperature is frequently too high for good root
ing, and moisture loss may be difficult to control. However, with the use 
of mist propagation, humidity can be easily maintained, disease is less of 



Plant Propagation 123 

a problem, and temperatures may be lower. It is likely that more plants 

will be grown from softwood cuttings. . 

With some species, a semihardwood stage of development between 

soft succulent softwood and fully matured hardwood has proved to be 

most satisfactory. Boxwood and ivy are usually handled at this stage. The 

line of demarcation between the various classes of growth is arbitrary, 

and experience becomes very helpful in determining the ideal stage 

for propagation. 
Hardwood cuttings are more reliably used for the propagation of a 

large number of f)rm.mental shrubs and trees. These cuttings may be 

taken at any time after the wood has matured and may be grown during 

either the winter or spring. Cuttings may be taken from both evergreen 

and deciduous plants. In climates where winter cold is very severe, 

cutting wood may be taken in the fall and stored in a cool, damp cellar 

until needed for making the cuttings. If this were not done, winter in

jury might greatly reduce the available supply of good cutting wood. 

This early collection of material is especially important for species 

which will not root readily in the fall, but may be practiced also with 

others when space is limited and two sets of cuttings are rooted each 

year. 
Hardwood cuttings taken in the fall and stored in a root cellar may 

develop callus tissue at the location of the cut. This tissue develops 

primarily from the cambiallayer, as do the new roots. It was once con

sidered that callusing cuttings was a desirable preliminary to placing 

them in the propagating bed and ensured better rooting. It is now 

considered that this is seldom the case and that cuttings may be placed 

in the cutting bed without any callus formation. However, callus forma

tion will seldom interfere with the proper formation of roots. 

SpeCial Treatments and Conditions Favormg Rooting of Cuttings. It 

was stated above that the leaves of herbaceous cuttings and those on 

softwood cuttings of woody perennials should be left to synthesize food 

materials necessary for root formation. Experiments have demonstrated 

also the importance of an initial food supply in the cuttings. Large well

developed tissue will normally produce roots more readily than either 

overvegetative or weak, spindly shoots devoid of food-material reserves. 

Placing cuttings in a weak solution of sugar prior to placing them in the 

cutting bed may help overcome. a lack of food. 

With some cuttings, the initiatiou of roots may be speeded by me

chanical injury to the cambium layers. Splitting the stem or cutting the 

bark in a number of places may be sufficient. The use of so-called hor

mones is increasingly common. These growth regulators, derived from 

plant tissues or produced synthetically, differ in their action on different 

species. While some plants root very much better, others respond' only 
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slightly or even adversely. Of these materials, indole-S-acetic acid, indole
S-butyric acid, naphthalene-I-acetic acid, and naphthaleneacetamide are 
in common use. 

Commercial growth regulators carrying hormones include Rootone, 
Hormodin, etc. Some are better adapted than others for use on a specific 
plant. They may be used in either liquid or powder form. Normally, 
the recommendations on the package are sufficiently complete for good 
results. It should be emphasized that these materials have not produced 
roots on all plants. However, when more is known about the materials 
and the proper growth stage for use, even apple and other extremely 
difficult to root plants may be commercially reproduced by sterr. cuttings. 

LAYERAGE 

Layerage is a method of plant propagation where the. original, or 
mother, plant continues as a source of food and water during the develop
ment period. Layers of several types are commonly used for the propa
gation of several fruit and ornamental plants. 

Tip layering is used for plants such as the purple raspberry. The long 
canes faIl naturally to the ground and strike root just back of the tip. 
This action may be speeded by placing the tips of the growing shoots 
in contact with the soil and holding them firmly in place with a forked 
stick, small stone, or soil until rooting occurs. The rooted portion is 
cut off and planted upright so that the terminal bud will develop. a 
shoot. This tip layering results in the production of new plants without 
any risk to the mother plants. However, the number of new plants is 
limited by the number of long shoots which develop. 

A large number of new plants may be secured from some species by 
continuous, or trench, layering. A considerable section of a shoot is placed 
a few inches below the sudace of the ground. The shoot may be in
jured by notchinS} at the nodes to increase th~ likelihood of root forma
tion. The tip of the shoot is brought out of. the ground to ensure con
tinued growth, and thus food and water translocation. Roots may form 
at the nodes or at the base of new shoots which develop from them. 
Continuous layering is safe, as far as the parent plant is concerned, but 
is limited somewhat in that only the relatively few long shoots on the 
plant are available for this type of propagation. 

Numerous modifications of layering may be practiced. The shoot; or 
cane, may go into and out of the ground alternately: compound, or 
serpentine, layering. Under these conditions, roots develop from nodes 
underground, and shoots from those above. Where a single bud of a 
shoot is held in the ground, it is called a simple layer. 

Plants such as th~ MaIling apple clones, laurel, and blueberry may 
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be pruned severely to induce the development of a large number of 
-new shoots from the base. Before or as these new shoots develop, soil 
is placed about them. The soil is kept moist by applications of water 
or through mulching. The shoots, developing in the dark, are usually in 

E F 

FIG. 5-6. Layerage may be used to propagate a few specimens without permanent 
damage to the parent plant. Types include tip (A), mound (B), simple (C), alter
nate or serpentine (D), multiple or continuous (E), and air (F). Wounding the 
tissue may help induce root formation on the more mature shoots. New plants are 
removed where indicated (//) after roots have formed . 

a condition to produce roots. At the end of the season or in early spring, 
the mound ' of soil is removed to expose a considerable number of new 
plants. With all layers, as soon as roots are well developed, the in
dividual plants may he severed from the parent and potted or planted 
in the field: In mound layering, the original plant may be used year 
after year. 



126 Introductory Horticulture 

Air layering is also practiced. A stem aboveground is injured by 
cutting with a knife and then surrounded with sphagnum moss or 
some similar material which will hold water. Pots split in half may be 
placed about such layers to hold in moisture. More recently, polyethylene 
has heen used to wrap the mass of sphagnum moss surrounding the in
jured stem. The moss should be thoroughly wet and then squeezed to 
remove excess free water before being placed around the stem to be 
layered. The polyethylene should be sealed at the top to prevent rain
water from entering. The bottom should be closed also, although not 
so tight that any excess moisture will not drain out. The moss must 
remain damp, but with air layering, excessive moisture may be more of 
a problem than too little. It is possible to renew a long, leggy plant by 
air layering while the plant is still growing in its original location. After 
roots have formed in this layer, the stem is cut off below the roots and 
the new plant potted or planted outdoors. With some plants, air layers 
are the only successful method of propagation. However, a period of 
two or three years is sometimes necessary. 

RUNNERS AND RHIZOMES 

A runner, or stolon, is a horizontal stem extending along the surface of 
the ground. When these runners contact the ground at a node, roots 
may develop below and a whorl of leaves above. After this has occurred, 

FIG. 5-7. The. strawberry is nonnally propagated from runner plants which develop 
along the horizontal stems. Holding a node in close contact with the soil may speed 
rooting, especially during dry weather. . 
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the individual plant may be cut from the mother plant and moved to a 

new location. This is the common method of plant increase with the 

strawberry and a number of ornamental vines. Some of our best lawn 

grasses, including creeping bent, are reproduced by stolons, and the 

very troublesome weeds, crab grass and purslane, root very readily at 

nodes which come in contact with the soil. 

A rhizome is similar to a stolon in that it is essentially a stem, but 

differs in that it runs under the surface of the ground instead of on 

the top. The lily of the valley is a common flower which reproduces 

in this way, and the bothersome weed, quack grass, is also reproduced 

in this fashion. The short lateral rhizomes of the iris may be just at the 

surface of the soil. Separations to include a leaf will provide new plants. 

BULBS AND CORMS 

Some plants are propagated by means of modified stems classified as 

bulbs or corms. True bulbs are essentially very short thick stems from 

which leaves have developed in the form of relatively thick scales which 

remain close together to form a compact body. When the leaf scales 

are very tightly pressed one to the other, the bulb is spoken of as 

tunicate. When the leaf scales are less tightly packed and do not com

pletely encircle the stem, the structure is referred to as a scaly bulb. 

The onion, tulip, and narcissus are examples of tunicate, whereas most 

lilies are classified as scaly bulbs. 

The scales of lilies may be removed and placed in soil, where small 

bulblets develop from adventitious buds on the inner, or concave, side. 

The bulblets may be removed and grown to flowering size. With some 

bulbs, the new buds formed in the leaf axis are similar in general con

formation to the bulb itself and develop into small replicates (slabs or 

bulblets ). These bulblets may be separated from the original bulb and, 

·after growing for a period of time, will become full-sized flowering 

bulbs. It may take from one to three or four years to bring a bulblet to 

marketable size. 
In a few cases, a series of bulblets, may form adventitiously on the 

scale of a bulb. Where this occurs, it is possible to increase the variety 

very rapidly. Sections of the flower stem, usually near the base, may 

give rise to a series of small bulbs on the aboveground section. Some 

lilies develop small bulblets in the axils of the leaves, and these may be 

taken off and grown for some time in a fertile location. They will 

eventually reach market size and provide for a very great increase in 

the species or variety. 
With tulip and some others, the flower-bearing bulbs are completely 

consumed each year and are replaced by a new bulb or bulbs. Because 
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of this characteristic, maintaining the soil in a state of high fertility and allowing the foliage to remain active as long as possible is especially important. Unless -this is done, the size and quality of flower can be expected to decrease rapidly from year to year. Allowing bulbs to remain in a location too long can be expected to result in crowding, and finally, because of competition, in reduced number, size, and quality of flowers. Digging and separating the bulbs allow for a great increase in the variety. Wounding the base of the short, compact stem (base of the bulb) of hyacinth will increase the number of adventive bulblets developed. 

The gladiolus corm is another type of specialized structure used in propagation. It is a swollen stem section surrounded by thin leaves and topped by a growing point forming an elongated flower stem. The swollen stem tissue is largely undifferentiated parenchyma cells filled with stored food. Each year, the old corm is replaced by a new one formed just above it. At the base of this new corm, additional small cormlets, or cormels, may develop. These are used to increase the variety. Good growing conditions are important, both for the current-season flowers and the increase in corms . 

. DIVISION AND SEPARATION 
The propagation method used with some plants has been referred to as division or separation. In the case of the dahlia, it involves the breaking apart and planting of the numerous "toes," or fleshy roots, referred to earlier. It is only necessary that a bud be included with each toe. With the peony and rhubarb, as the plant increases in size, it develops numerous buds just below the surface of the soil. These may be cut apart so as to include a portion of _the root system and, upon planting, will make new plants. Similarly, phlox and outdoor chrysanthemums are regularly divided to form new plants. With some, unless dividing is done every few years, the old plants may become so crowded that flower production will be reduced. 

GRAFTAGE 

Graftage is a type of propagation in which the root system and the top of the new plant are of different 'species or varieties. Whether a plant part of some size or a single bud is used, the basic requirement is that the cambium layers of the top (cion, or bud) and root (stock) be brought into close contact so that the callus cells produced from the cut cambium tissue of each may intermingle. There is no growing together, or uniting, of the original cells. Not only must the two cambium 
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tissues be brought into close contact, but conditions for growth must be 

satisfactory, both as regards internal physiology and external environment. 

It is essential that wounds be kept clean and free of any barrier or 

film (oil, wax, etc.) or rough splinters of wood which might retard growth 

or prevent close contact. 
Since new cells require space and exert pressure if confined, holding 

the two cut surfaces in place may require a binding force of some kind. 

With woody tissue, a cion may be held firmly by the pressure of a 

partially split stock (cleft or stub grafts). Small nails and bindings of 

rubber bands, soft string, waxed cloth. and raffia may be used for some 

other types. Since the development of new cells may be controlled in 

varying degrees by tissue rest, temperature, food supply, moisture, 

and oxygen, the proper selection of materials, timing, and techniques 

are essential to success. 
Grafting just prior to the normal growth period is generally pre

ferred for top-working fruit trees in the field. Bench grafting is usually 

done in -midwinter and followed by storage in a bool, damp cellar to 

permit callus formation under conditions unfavorable for the growth 

of the cion buds. In the North, fruit trees are usually budded late in 

summer, so that while union of the bud and stock takes place, the bud 

does not start growth until the follOwing spring. A temperature of about 

70 'F is ideal for most callus formation and should be prOvided when 

other considerations are not more important. 

Matured tissue well supplied with stored food can be expected to 

give best results. The tips of shoots are usually less satisfactory either 

as cions or as a source of buds. It is especially important that the graft be 

made rapidly and that the cambium be protected from drying out 

then or later. The use of grafting cases, wax, and other protective covers 

is usually necessary. Enclosing new grafts in polyethylene bags is gaining 

in favor. The grape graft is especially sensitive to the oxygen supply, 

and a covering of wax will exclude too much air. Grape grafts are 

usually placed at or below soil level, and a mound of earth used to main

tain humidity. 
Compatibility. The stocks and cions of all plant species do not unite 

equally well. Peach, plum, and cherry may be expected to unite with 

one another. but not with apple, pear, and quince, which are in the 

same family but of a different genus. There are differences within closely 

related groups, too; plums normally take better on Mahaleb than on 

Mazzard cherry stock. Incompatibility may not be expressed immedi

ately or by failure to grow. Pear on quince stock tends to be short-lived; 

and apple on MaIling IV tends to be weak and break under stress. 

Some incompatibilities may be anatomical, where tissue fails to knit 

well, or phYSiological, where one part fails to supply the proper nutrients 
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or foods to the other. The black end disease of pear is apparently evi
dence of incompatibility with the Oriental pear rootstock. 

Some cases of incompatibility or weakness may be overcome by a 
process termed double-working. Three tissues are involved. If a satis
factory rootstock is lacking in hardiness or resistance to disease or is 
poorly adapted to the prevailing soil conditions, either another root sys
tem or section of stem may be used. While Bartlett pear is short-lived 
if grafted directly on quince, a section of the Hardy pear variety be
tween the two results in a long-lived dwarf tree. Grimes Golden apples 
usually have a trunk section of another variety in order to avoid an in
herent weakness to a disease called coUar rot. 

Preparing for Grafting. As noted earlier, auxins produced in apical 
buds may inhibit growth of lower buds. Removal of the tip reduces this 
inhibition and allows for more vigorous growth of lower buds and 
branches. It is not always necessary to remove the top. Girdling the 
stem above a graft will satisfactorily interrupt the downward flow of 
auxin. Twisting the stem to rupture conducting cells or even constricting 
the phloem with tightly wound rubber bands may be sufficient. It is cus
tomary to cut part way through the stem of citrus rootstock seedings 
above the bud and allow the injured top to hang over the newly 
budded position. This treatment eliminates the inhibiting influence of the 
terminal bud and also provides some shade. 

When large trees or shrubs are being grafted, rather heavy pruning 
of the top. (sometimes called dehorning) is practiced. This elimi
nates the apical dominance of higher-placed branches and tends to in
vigorate old branches lower down. It also stimulates the development 
of new branches which may be more suitable for grafting either be
cause of size, position, or vigor. Complete removal of the old leaf
bearing surface prior to grafting is unwise. Some shade is usually de
sirable, and the manufactured food helps to maintain the root system 
until the newly grafted tissue is sufficiently plentiful to take over that 
function. It is essential, of course, that all old tissue above the grafted 
portions be removed later. 

Graft hybrids, or chimeras, are growths starting from adventitious 
buds formed in callus tissue at the point of a graft union and include 
cells of both stock and cion. If one tissue develops parallel to the other, 
it is called a sectorial chimera; if one tissue completely surrounds the 
other, periclinical; and if indiscriminately mixed, hyperchimeral. 

GRAFTING TECHNIQUES 

A large number of special techniques have been developed over the 
ye~rs, some of which differ little and may be used interchangeably and 
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others which are especially appropriate in a given set of circumstances. 
A few of these methods will be discussed briefly. 

The Whip Graft. The propagation of fruit trees, such as apple and pear, 
and ornamentals, such as the dogwood, may be accomplished by either 
bench or field use of the whip graft. When done inside during the winter, 
the seedling roots or sections of root and the cion are held firmly in place 
with a binding of raffia, waxed string, or rubber bands. They are placed 
in damp, but not wet, sawdust or peat moss and stored to allow callus 

FIG. 5-8. The whip graft is especially valuable for stems of about the same diameter. 
A shows prepared stock and cion before being united. B shows them in place with 
cambium layer in contact on at least one side. C shows protective wrap which should 
be cut to prevent binding once union has been made. 

formation and healing. A week or two at about 70°F favors healing, but 
the temperature must then be lowered to prevent the buds from start
ing. Grafts may be placed on field-grown stock up to a week before 
growth would normally start. If the temperature is too low, poor healing 
results. If grafting is too long delayed, buds on the cion start before heal
ing can take place and many die. 

The whip graft is used on relatively small plants up to ~ inch in 
diameter. If possible, cion and rootstock should be of about the same 
diameter. A long slanting cut is made on the stock and cion, and a 
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tongue formed on both by starting the knife about one-third the dis
tance from the pointed end and turning across the grain after the initial 
penetration. The stock and cion are joined by interlocking the tongues, 
making sure that the cambium is in contact on at least one side. After the 
two are bound together, protection from drying out is essential. If not 
stored in moist media for callusing or completely protected by a rubber
band binding, a bit of grafting wax may be used. Wax is usually em
ployed for whip grafts on large seedling trees or intermediate stocks 
as in the double-working referred to above. Unless it is desired that 
cion rooting take place, the unions should be kept above ground. Care 
must be exercised during necessary cultivation to avoid throwing soil 
up about the seedlings. 

Cleft Graft. The cleft graft is used on stocks ranging from % to 2y:! 
inches in diameter. The selected stub is split along the grain, and two 
cions inserted, one on either side. The branch is cut far enough from 
branch origins to prevent interference with splitting and at a sufficient 

B 

FIG. 5-9. The cleft graft. (A) Wedge holding split_stub open; (B) prepared cion; (C) cions in place; (D) graft protected with wax. (From E. P. Chrlstopher, "The Pruning Manual," The Macmillan Company, 1954. Used with permission of The Macmillan Company.) 

angle to assure good water drainage. A- sharp saw is used in making the 
cut to avoid unnecessary bark injury. Paring the edges with a knife will 
speed healing and assure a clear definition of the all-important cambium 
layer. A special grafting iron is commonly used and includes a wide 
blade for splitting and a small wedge to hold the cut area open during 
the insertion of the cions. Ordinarily, a wooden or rubber mallet is used 
during the splitting operation. 

Cions for the cleft graft are prepared with two equal and opposite 
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long slanting cuts. A sharp knife should be used, and if the proper 

angle of cut is made, contact with the stock along the whole length may 

be secured. The don is inserted with the wider edge to the outside 

and with the cambium layers in contact. If the top of the don is 

slanted out slightly with the pOint of maximum cambium exposure 

flush with and in line with the cambium of the stock, a second cambial 

contact will occur lower down. This positioning gives maximum strength 

and seldom fails. A perpendicular alignment of the cambium of stock 

and cion is slightly superior, but much more likely to be jarred or 

pressed out of position. The dons normally have two to three buds 

and are cut so that the top bud faces in the direction in which the 

branch is to develop. 

FIG. 5-10. The poorer of the two cions shoula be kept subordinate by pruning, thus 

avoiding a weaK Y crotch fonnation and competition with the preferred cion. It is 

removed completely when stub is nearly healed. (From E. P. Christopher, "The Prun

ing Manual," The Macmillan Company, 1954. Used with permission 0/ The Macmillan 

Company.) 

The wounds are protected against drying out with grafting wax. Only 

the better of the two grafts is allowed to develop fully. Having two 

dons speeds the healing of the stub, provides insurance against failure, 

and allows for some selection for vigor and position. The poorer cion 

is cut back gradually to reduce competition and is eventually removed 

entirely. 
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Stub Graft. When a relatively large and well-developed tree is being 
worked over to a new variety, the heavy cutting for cleft, or bark, graft
ing will induce excessive water-sprout growth and extend the time re
qUired to develop a new top. A method of placing individual cions in 
branches up to 1 inch in diameter has been used successfully. A some
what longer cion is used-six to eight buds-and up to several hundred 
grafts may be placed in a tree. A large leaf surface is provided qUickly, 
and relatively few water sprouts develop. 

B 

A 

FIG. 5-11. The stub graft pennits many clons in a large tree and ahnost complete renewal of topwood in a short time. Prepared cion is shown before insertion in stub ( A) and after (B). In C, stock stub has been shortened and then is protected with wax in D. (From E. P. Chrlstopher, "The Pruning Manual," The Macmillan Company, 1954. Used with permission of The MacmiUan Company.) 

The small side branch to be grafted is cut from the top diagonally 
toward the trunk and up to halfway through. The cut is made within 
an inch or two of the main stem. The limb is then used as a lever to 
open the slit for the insertion of the cion, which has been cut with a 
short~r bevel than with the cleft graft. By varying the angles of cut, 
the cion which will be the new branch may be pointed in any desired 
direction. The stub beyond the cion is cut off as close as possible without 
eliminating the tension which holds the cion in place. As with other 
grafts, the cut surfaces are protected with wax from drying out. 
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Bark, Inlay, and Veneer Grafts. These types of graft may be used on 
larger stems or even tree trunks and are similar in that splitting the 
xylem tissue with the added risk of infection is not required. One or 
several cions may be inserted. 
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FIG. 5--12. The bark graft is useful on larger branches. Diagram shows prepared 
cions at A, stock at 8, insertion at C, and wax protection at D. As with the cleft grah, 
one cion should be favored and others left only so long as necessary to feed roots 
and help heal stub. (From E. P. Christopher, "The Pruning Manual;' The Macmillan 
Company, 1954. Used with permission of The Macmillan Company.) 

With the bark graft, the stock is prepared. by making a horizontal 
cut and trimming the edges as for the cleft graft. Ideally, the job 
should be done at a time when the cambium is growing rapidly and 
the bark separates readily from the xylem. 

Cions bearing two to four buds each are cut with a long bevel on one 
side and a shorter one opposite. The bark of the stock is cut through to 
the wood from the top downward for an inch or two. The bark is 
separated slightly at the top to allow for the insertion of the narrow 
base of the cion. The cion is then carefully pushed under the bark 
with the longer bevel toward the inside. The top of the cut surface of the 
cion should be flush with the top of the stock in order to bring about 
a good cambial contact. 

Usually, the bark pressure is sufficient to hold the cion in place. 
If not, small-headed nails may be used. Cions may be placed at 2- to 
3-inch intervals around the stock. Such a spacing is close enough to en-
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sure over-all healing of the stock and should not cause a separation of 
the bark from the xylem cylinder between the grafts. Bark grafts are 
usually given the extra support of a wrapping of waxed cloth. However, 
it is important that this binding be slit after the graft has healed to 
allow for growth expansion of the stock. As with the cleft graft, the 
best cion is selected for the new limb, and others are kept subordinate 
by pruning while they aid in forming healing tissue over the stock and 
are then removed. 

The inlay graft differs in that the cion is cut on one side only. The 
bark of the stock is cut out to hold exactly the cut surface of the cion, 
which is held firmly in place with small nails. This graft is particularly 
useful when the hark is not "slipping" easily and when it is quite thick. 
Obviously, the workmanship in matching the cion and stock cuts must 
be good. Protection with wax is essential. Such a graft union is weak 
during the first year or so. 

A veneer graft may be either a bark or inlay graft on the side of 
an uncut stock. Such a technique permits the development of a new 
branch on a main stem. It reduces the problem of water-sprout growth 
by developing a sizable branch before the old top is removed. Failure 
of the graft to take does not upset the physiological balance of the 
stock plant. However, the problem of apical dominance mentioned be
fore is present, and' the graft may grow very slowly. Eventually, the 
stock above the graft must be removed, and there is always some danger 
to the newly attached cion during this process. 

Budding. Budding, or bud grafting, differs from the graftage described 
above in that only one bud, with little if any xylem tissue, is used. It is 
economical of scion tissue (especially important with a new variety), very 
simple to perform if the tissues are in the proper stage of development, 
and rapid. To an increaSing extent,. budding is being used in place of 
other grafting methods. There are many variations, but the basic tech
nique involves exposing cambial cells of the stock and placing the cam
bial cells of a bud over them. 

The most common budding technique is called the T. A short hori
zontal cut is made through the bark of the stock and is connected by a 
vertical cut below it to form a T. A bud is cut so as to include a shield
shaped bit of bark but little, if any, wood tissue. The top of the T cut 
is opened slightly, and the bud inserted. This operation is practical 
only when the bark separates from the wood easily and little pressure 
(which might damage the bud) is required. 

With citrus budding, the inverted T is sometimes used to prOvide 
good drainage during wet periods and avoid "drowning" the buds. 
Other modifications include the H bud, where two vertical cuts 
are joined in the middle by a horizontal one and the flaps are opened 
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to receive the bud. A patch bud is made by removing a rectangle of 
bark from the stock and replacing it with one of equal size containing 
the desired bud. A special tool or knife may be used to cut equally 
spaced slits or even the whole patch. In some special cases, a cylinder 
of bark is removed and replaced by a similar piece, including the bud. 
In case the bark does not separate readily, a small chip of cionwood 
with a bud may be fitted on the side of the stock. Ordinarily, the base of 
the chip fits into a horizontal slot on the stock to prevent slippage. 
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FIG. 5-13. Budding is used to propagate many plants and varies in method depend
ing on season and species. Diagram is of peach shOwing budstick (A), buds (B), 
prepared stock (C), bud inserted (D), and raffia wrapping (E). Wax and rubber 
bands are used also for protection against drying out. (URI Extension Circular.) 

Whatever method is used, the bud must be held firmly in place 
against the stock while healing tissue is formed. Wrappings of soft cotton 
twine, raffia, rubber bands, etc., are generally used. The wrapping 
should retain moisture as well as give mechanical support. Union should 
take place within two weeks for most plants if the budding is done at 
the proper time. Buds which fail to take may often be replaced the 
same season. Once the bud has taken, restrictive binding material 
should be cut to prevent interference with growth. 

Budding of peaches is done in June in Southern sections, and these 
"June-bud" trees make sufficient growth for either fall or spring planting 
in the orchard. Fruit trees are commonly budded in August farther 
north, and the buds knit, but do not start growth until the following 
spring. They are not ready for orchard planting until over a year has 
passed. 

A stem containing buds of the desired variety is called budwood and 
may be dormant when early-spring b~dding is contemplated or in leaf 
when the job is done later. The buds must have .reached a certain de-
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gree of maturity, which can sometimes be hastened by withholding 
fertilizer and water or by cutting off all or part of the leaf blade. The 
petiole should be left to protect the bud and to provide a handle useful 
in placing it in position. 

Special Techniques. A series of grafting techniques are used for special 
purposes not always associated with propagation, but logically discussed 
in connection with it. 

Bridge grafts are used, as the name implies, to connect two points, 
usually the root system and the top, but occasionally two sections of 
the trunk or stem. Bridge grafting is necessary when the trunk is not 
functional because of winter injury, fire damage, rodent damage, other 
mechanical damage, or disease. It is a method whereby double-working 
may be accomplished on an older plant. 

A B 

FIG. 5-14. Showing various stages in bridge grafting. (A) Original stock; (8) 
cleaned and cion prepared; (C) an<J (D) cions in place; (E) wax-protected. The 
exposed wood tissue on the stock should be painted for protection also. (From E. P. 
Cliristopher, "The Pruning ManlUll," The Macmillan Company, 1954. Used with per
mission of The Macmillan Company.) 

The injured area is cleaned back to sound bark tissue, both top and 
bottom, and the bark prepared for a bark or inlay graft, as described 
above. A long, mature, but willowy, cion is used. It should be slightly 
longer than required to connect the two bark areas so that there will 
be a slight bow and pressure to assure close contact. The cion is pre
pared, both top and bottom, for either the bark or inlay graft and put 
in place. The cion may be held in place with tacks and should be 
waxed for protection against drying out. Cions are spaced about 2 
inches apart around the trunk. Just before growth starts in the spring 
is the ideal time for bridge grafting. 
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Inarching is similar to bridge grafting except that the cion is either 
an attached sucker or seedling tree planted beside the tree needing re
pair. Suckering frequently occurs when the trunk or roots are injured. 
Using suckers results in the original root system being nourished and 
maintained. If the difficulty has been due to low resistance to cold or 
disease, a different tissue should be used, but if due to mechanical in
juries, suckers may be best. When necessary for control of disease, re
sistance to cold, or because root injury is extensive, several young trees 
are planted close to the trunk to provide the stock. Union above the 
trunk injury is accomplished by a bark or inlay graft. 

Approach grafting involves growing stock and cion plants close to
gether in the nursery row or in pots and bringing the two tops together 
for grafting. A long cut is made on each to expose the cambium. The 
two surfaces are brought together and protected from movement and 
drying out. The unwanted top and roots are cut off once the union has 
taken place. This method is useful on plants which are difficult to 
graft by other means, including the muscadine grape, avocado, and 
mango. 

Braces to strengthen weak crotches may be made by the techniques 
of in arching or the approach graft. The method is also used in forming 
special-shaped trees or shrubs and to unite vil1ifera grapes trained to a 
horizontal cordon. 

QUESTIONS 

1. Distinguish between sexual and asexual propagation and explain why 
each is used. 

2. In general, which horticultural crops are reproduced from seeds and 
which by other means? 

3. What is the meaning of viability and longevity when applied to seeds? 
4. Discuss relationship of moisture to seed germination. 
5. Why should bean seed be planted only when the soil is warm? 
6. What is the meaning of rest in connection with the failure of seeds to 

germinate? 
7. How do the treatments of seed for disease control differ? Why? 
8. What are commonly used methods of testing seeds and why is this prac

tice recommended? 
9. Discuss the function of oxygen in determining seed germination. How are 

cultural practices involved? 
10. What is a hybrid seed? What advantages are claimed? 
11. What types of cuttings are used for propagation? 
12. How are sweet potatoes propagated? 
13. Why are most leaves left on herbaceous cuttilJgs? • 
14. What are the types of layers commonly used? Diagram. 
15. Distinguish between a nmner and 11 rhizome and give an example of each. 
16. What is the diff('rence between the tulip bulb and the lily bulb? 
17. How are dahlias ordinarily propagated? 
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18. What is the basic principle involved in graftage? 
19. Why are the tops of grafted seedlings cut oH, twisted, etc.? 
20. Describe at least three grafting techniques and indicate special applica

tion. 
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CHAPTER 6 

Plant Growing Structures 

Both permanent and temporary structures used to facilitate the grow
ing of plants will be discussed iI1 this chapter. They range from the 
simple paper cone, or hot cap, used over an individual plant to large 
multiple-unit greenhouses covering several acres of land. 

REASONS FOR PLANT GROWING STRUCTURES 

Plant growing structures are used to modify environmental conditions 
such as temperature, light, and humidity. Protection from cold makes 
possible the growing of plants earlier in the spring, later in the fall, or, 
with artificial heat, year round in areas where the normal outdoor 
temperatures would prohibit such growth. Since the price of early crops 
is frequently much higher than that during the main season, an early 
start may justify the extra expense involved. Prices frequently rise after 
the first killing frost in the fall. A grower with a protected crop may 
do well economically after his competitors are off the market. Pro
tection either early or late permits the growing of long-season crops in 
Northern areas. The growing of crops completely out of season is 
still an important business with certain vegetables (tomatoes and cucum
bers) and is the basis for much of the important florist industry. 

Plant growing structures may be used to modify both the intensity 
and duration of light. Thus shade provided by special cloth houses in
fluences the anatomical structure of tobacco leaves. The leaves are 
larger and thinner, characteristics which improve quality for cigar wrap
pers. Controlling the length of day by the use of black cloth houses or 
lights influences the blossoming time of chrysanthemums and some 
other plants. The use of cloth or slat-shaded houses permits the successful 
growing of certain nursery stock which will not withstand the drying 
and heating effects of full sunlight. While this may be more necessary 
in Southern regions, such shade is normally provided in the North for 
some ericaceous plants such as rhododendron, azalea, and laurel and 
rooted cuttings of narrow-leafed evergreens. 

141 
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TYPES OF GROWING STRUCTURES 

Since objectives vary and possible economic gains fluctuate, the type 
and permanence of structures must fit into the particular circumstances 
concerned. Several of the most popular types will be discussed. 

Cold Frames. One of the least expensive and widely used plant grow
ing structures is the cold frame. It consists of a frame of suitable size, 
covered by movable glass sash. The standard cold-frame sash is 3 by 6 
feet and includes three rows of glass set so that the panes overlap 
slightly and drain towald one end. The front of the frame is about 6 
inches lower than the back. This slope provides for better lighting and 
ensures water drainage from the top of the sash. The walls may be placed 
aboveground or partially below the surface. A ground-level frame re
quires less bending and a minimum of work in construction, operation, 

FIG. 6-1. Cold frames-single or multiple units-are simplest structures for starting 
plants early and providing winter protection. 
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and dismantling. A sunken frame is more nearly frost-free. Wooden bars 
are usually placed at 3-foot intervals to support the sash. 

A cold frame utilizes the heat of the sun. Some of the heat absorbed 
by the soil during the day is given oH during the night. The tightly 
fitting sash on the cold frame helps to hold in this heat. Since heat loss 
by radiation from glass is rapid, the use of insulating mat covers is 
frequently necessary. Since the sun is the only source of heat, it is im
portant that the frames be so located as to receive maximum exposure. 
Shade from trees or buildings should be avoided. It is likewise im
portant that cold frames be protected from strong winds which would 
tend to cool them more rapidly. A frame along the south wall of a build
ing is particularly desirable. 

A simple cold frame may be constructed of 2-inch plank placed on 
the surface of the ground, spaced about 5 feet, 11 inches apart (outside 
measurement), and held upright by stakes or pieces of pipe driven into 
the ground. Depending on the height of the plants to be grown, the 
front plank should be 6 or more inches high and the rear one at least 
6 inches higher. Suitable ends should be constructed. Such a cold 
frame may be put in place rapidly and removed as soon as the operator 
is through forcing early plants. A temporary structure permits the use 
of the same land during the summer months for growing crops on a 
more extensive scale. Removable ends allow the cultivation of the soil 
with a garden tractor even if the front and rear boards are left in place 
more or less permanently. Earth or straw may be heaped around the 
outside walls to insulate against cold. More permanent cold frames 
may be constructed with waIls of cinder block, cement, brick, or stone 
which may be of single or, in cases where insulation is especially de
sirable, of double thickness. Transite and aluminum sheets attached to 
an iron framework are used for walls in some localities. 

With cold frames, prompt attention is required when light, tempera
ture, and wind conditions change. Protective covers over the top must 
be removed as soon as possible in the morning to ensure the maximum 
sunlight and must be put on promptly at night in order to hold in the 
heat absorbed from the sun during the day. In the middle of the day, 
during warm weather, it will be necessary to provide ventilation to pre
vent overheating. Too much heat may kill the plants, or at least favor 
an undesirable soft, succulent growth. Ventilation is secured by raising 
one end of the sash on a notched stick, which allows for variations 
in height according to the existing conditions, or by drawing alternate 
sash toward the rear or the front so that a few inches of the frame is 
not covered. This latter method of ventilation is possible only where 
divider strips are prOvided every 3 feet to support the sash. The end 
away from the source of wind should be opened for ventilation. 
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Since sash prevent normal rainfall from reaching the plants, artificial 
watering is required. Watering should be done early in the day so that 
the foliage will be thoroughly dry before night. Considerable loss from 
disease may occur if foliage remains moist for long periods of time. 
Very high humidity results in the formation of dew on the plants when 
the temperature drops. Ventilation will usually prevent this condition. 
Painting sash and the inside of the frame white will increase light in
tensity to the plants because light is reflected instead of being ab
sorbed. 

Plants started in hotbeds or greenhouses may be hardened in a cold 
frame prior to transplanting in the field (Chapter 7). Cold frames may 
be used to carry intensively grown early crops such as radishes and 
lettuce to maturity and to start azaleas and bulbs, which are later 
brought into the greenhouse to finish their growth. They are also valu
able for the overwintering of certain perennials and biennials which 
do not withstand full winter cold. The proper use of a cold frame will 
greatly increase the gardening success of both home owners and com
mercial operators. 

Hotbeds. A hotbed is similar to a cold frame except that artificial heat 
is supplied. It is therefore more versatile. It may be used for a longer 

temperature setting 
indicator 

I" soil between cable 
and divider (if used) approx. 7" 

between cables 

mesh divider 
(optional) 

I" above cable 

FIG. 6-2. The hotbed, in this instance heated with an electric re~istancc coil, gives 
greater flexibility than a cold frame. (Redrawn courte.,y .Uetropolitan Greenhouse 
Manufacturing Corporation.) 
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period during the year. It is almost necessary in the North, unless green
house space is available, for the starting of certain tender or "heat
loving" plants, such as tomatoes and peppers, which cannot ordinarily 
be started early enough in a cold frame. Since extra investment is in
volved in providing the necessary heat, the construction of the frame it
self is usually of better and more permanent materials. It is important 
that good drainage be provided. 

Fermenting manure was once the standard method of providing heat 
in the hotbed. For this purpose, horse manure with considerable straw 
is most effective. The frame is excavated to a considerable depth so as 
to allow from 18 to 36 inches of manure, plus a covering of from 4 to 6 
inches of soil. The amount of cold expected and the length of time 
the frame is to be used determine the depth of manure necessary. 
The manure is packed in the bottom of the frame by tramping, with 
special attention to the edges l1round supports, in order to induce uni
form heating and to confine the heat once it is generated. In the presence 
of oxygen and sufficient moisture, this mass of organic material is acted 
upon by soil organisms and in the fermentation process gives off con
siderable heat. The soil in such a frame may reach a temperature as 
high as 130°F. Such a temperature will kill most seedlings present. A 
thermometer is used to measure the soil temperature, and planting is 
delayed until the temperature comes down to 90°F. In such a system, 
a considerable amount of the available heat in the manure is, of neces
sity, wasted. 

Hotbeds are normally started in the spring, and thus the temperature 
is highest at the time of the year when the outside temperatures are 
lowest. As the outside temperatures increase, the effectiveness of the 
heating manure decreases, and thus the plants neither freeze nor are 
they overheated. The same precautions as to ventilation, irrigation, 
and protection with quilts or straw mats during cold nights are neces
sary with the hotbed as with the cold frame. 

Since the supply of horse manure is limited and the heating effi
ciency of this material is low, other means of heating hotbeds are more 
frequently used. ,Steam or hot-water pipes are sometimes buried 6 to 8 
inches deep, and heat is provided by this means. Heating pipes may 
be suspended along the front and reai' walls of the frame so that the 
air is heated rather than the soil. In either case, the soil tends to dry 
out, and both heat and moisture conditions may vary in different parts 
of the frame, resulting in uneven plant growth. Hot air may be used 
to heat the soil. The hot gases and smoke from a furnace may be carried 
in tilepipes buried lengthwise of the bed. This is called Hue heating. 
As might be expected, the sections of the frame closest to the source 
of heat are warmer. This need not be too serious a handicap if several 
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types of plants are being grown. It is important to place those respond
ing mO'lt to high temperature closest to the source of heat. 

Electric resistance coils are coming into common use as a means of 
heating hotbeds. Both lead-covered cables and those encased in a mois
ture and acid-resistant rubber or plastic coating are available. Under 
most weather conditions a 6O-foot lead-covered 400-watt cable will heat 
a 6 by 6 hotbed. Automatic controls are available, and the cost is 
not excessive where electric rates are low. Banking the sides of the 
frame with soil and covering the top at night with suitable insulation 
will cut heat loss and reduce costs. A sheet of galvanized wire screen
ing may be placed over the cables to reduce danger of injury during 
cultivation. The use of pipes or cables in the ground limits the use of 
power equipment for cultiva'ion of the soil. 

A double cold frame or hothed may be used. A single support 
through the middle will permit sash sloping toward both sides. The 
difference in height may be greater than the 6 to 8 inches usually 
allowed on single frames. Such double beds may be more easily worked 
with power tools, especially if the central support is removable. 

Sash Houses. A sash house is essentially a double cold frame or hotbed 
with the center support and sides raised enough to allow a person to 
stand up inside the house. To reduce the need for high side walls, a 
trench about 36 inches deep may be dug down the center. By the use of 
common 6- by 3-foot sash and a ridge pole 4 feet above the surface of the 
soil, two 4-foot ground-level beds divided by an 18-inch-wide walking 
trench are possible. 

FIG. 6-3. Sash house, using cold-frame sash, at vegetable farm of Rutgers University. 
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The sash house may be of relatively cheap construction, built of 
materials which for the most part can be used in other ways as well. 
A simple wooden framework is built to hold cold-frame sash in the 
proper position. Some provision must be made for ventilation. Sash 
may be hinged at the top and raised at the bottom or may slide up 
or down in grooves. The heat in a sash house may be provided by a 
stove in a pit at the end or in an adjoining potting shed. Steam, hot
water, and hot-air systems are used. A large smoke pipe going the 
length of the house will utilize heat otherwise lost up the chimney. It 
is, of course, possible to use electric cables in the beds, but this means 
of heating is not likely to be sufficient in cold climates. 

A house of considerable permanence may be constructed. Sufficiently 
high side walls may be built so that no trench is necessary, and 
benches may be built inside the house with heating coils underneath. A 
sash house is really a step between a hotbed and a standard greenhouse, 
used because of low cost or because of the ease and speed with which 
it may be constructed, made of sash and lumber already at hand or 
readily available. It may be used for the growing of bedding and 
vegetable plants early in the season or as a glass house for year-round 
plants. Because of the relatively larger amount of wood sudace, light 
intensities are not as great as in a modern greenhouse. However, for 
some plants, this is not a serious handicap. 

Greenhouses. A greenhouse may be thought of as a permanent type 
of glass house used for the growing of plants. Greenhouses vary in size 
from a single small conservatory attached to a home to large ranges 
made up of houses covering nearly an acre and used for the growing of 
vegetables, Rowers, or potted plants. Greenhouses are usually provided 
with sufficient heat to allow year-round operation, although this is not an 
essential characteristic. They are provided with some means of ven
tilation in the side walls and/or near the top. The plants are grown in 
ground beds or in raised beds or benches, depending upon the crop 
and the preference of the individual. There are several kinds of green
houses in common use, and they are frequently classified by roof type. 
Some of the essential differences and some factors of construction and 
management will be discussed. 

Lean-to Greenhouses. The simplest type of greenhouse is one which 
has a roof sloping in one direction. Such a lean-to may be placed 
against a building or may have its own solid back wall. The roof slope 
may be toward the north when direct sunlight is not desired (propagat
ing house) or toward the south when the maximum available light 
is important. These greenhouses may be wide enough to accommodate 
a single 3- or 4-foot bench, plus an 18- to 24-inch walk, or two such 
benches, one on either side of such a walk. A means of ventilation and 
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usually heat are provided. Construction is relatively simple and in
expensive. 

Detached Greenhouses. The most common type of greenhouse is 
one which has a roof sloping in two directions and mayor may not have 
glass side walls. Such houses may have even or uneven spans, range 
from 14 to 80 feet in width, and may be several hundred feet in length. 
In general, it may be said that the larger the house, the lower the cost 
per square foot of available planting space and the greater the economy 
of heating and general management. The advantage of several small 
houses rather than one large one is the possibility of maintaining dif
ferent heat, light, and humidity conditions in accordance with the re
quirements of the several types of plants being grown. These houses are 
provided with heat and either manual or automatic means of ventila
tion at the sides and/or top. 

A B 

C 
FIG. B-i. Several greenhouse roof types. (A) lean-to; (B) Single-ridge; (C) ridge
and-furrow. Each has its advantages, as noted in text. 

Ridge-ancI-furrow Greenhouses. Another type of greenhouse consists 
of two or more houses joined along the siues S0 that the roof line is a 
series of ridges and valleys. Houses on sloping ground usually have an 
uneven span, while those on the level may be of either even or uneven 
span. The support in the valleys may consist of a solid wall or posts 
which allow for the movement of air and manpower hetween houses. 
These greenhouses have the advantage of eliminating some side-wall 
construction and conserving the heat which is ordinarily lost through 
such walls. Post side walls may provide for more light to the plants 
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near these divisions, but some shading from adjoining structures must 
be expected in all ridge-and-furrow houses. However, houses open un
der the valleys make separate control of temperature and humidity 
difficult. In Northern regions where snow is heavy, valleys increase the 
danger of breakage unless the heat loss from the greenhouse is sufficient 
to melt the snow as it falls. This type of construction also increases, 
to some extent, the labor of replacing broken glass and doing other 
maintenance work. 

Types of Greenhouse Construction. As was stated earlier, the sizes 
of greenhouses vary considerably, and therefore, in order to secure 
proper strength, the type of construction must vary also. Older houses 
were constructed almost entirely of wood. More modern houses have 
some iron or all-iron framework, and more recently, models using 
lighter metals (aluminum) are being used. To bear the weight, wooden 
supports are commonly larger in size than metal ones and therefor~ 
tend to exclude more light. Because of their resistance to decay, cypress 
and redwood are commonly used for wooden members and are pro
tected by a coat of paint. Ordinary lumber is not suitable for green
house construction. Regulation gutters, eaves, and sash bars may be 
secured from greenhouse manufacturers if it is desirable to erect the 
house using locallabor. Reference to the diagram will show the way in 
which the sash bar, 'eaves, and supports are placed. 

The most common-sized glass used in greenhouses is 16 by 24 inches, 
but there is a trend toward greater widths and 20- by 20-inch glass 
is common. The pieces of glass are laid between the sash bars in putty 
or caulking compound and are lapped about ~ inch. The glass is 
ordinarily held in place with glazing nails. Aluminum caps attached 
to the sash bar by screws and made watertight by a layer of caulking 
compound underneath are being usep. by many operators. It is claimed 
that the added expense of caps will be more than made up through 
lower maintenance costs. However, properly painted sash bars are 
cheaper and may be less likely to rot. Good-quality glass (double thick
ness) is ordinarily used because of its strength and ability to withstand 
stresses and strains. Painting at no more than four-year intervals is 
recommended to preserve wood, metal, and glazing materials. Once 
glazing putty dries out, a leaky house will most certainly result. 

9ne of the most recent developments in greenhouse construction is 
the substitution of plastic film for glass. The advantages claimed in
clude less' breakage, greater heating effiCiency due to a low heat
transfer rafe, greatly reduced weight of roof, and lower initial cost. 
Possible objections include reduction in light intensity and a shorter 
life. Subsequent manufacturing progress may eliminate some of these 
disadvantages. 
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FIG. 6-5. Diagram of sash bar attachment to eave. Note that provision is made for 
good drainage by having glass extend beyond sash bar attachment. Many variations 
in design and materials are possible. 

Greenhouse Heating. Greenhouses are ordinarily heated with low- or 
high-pressure steam or hot water. Hot water has the advantage of an 
even heat and a considerable reserve in case of temporary power failure. 
Steam has the advantage of more rapid heating, and, because the 
steam is considerably hotter than the water, fewer pipes are necessary. 
Thus the installation cost is lower. Coils of 11,4 -, 1 ~~-, or 2-inch pipe are 
ordinarily used and may be valved and trapped in such a way that one 
or several pipes may be in use at any given time, depending upon the 
heat needed. Some installations use a special type of pipe which has 
fins for a more rapid dissipation of heat. Pipes are usually placed along 
the side walls, but some may be located below benches or beside the 
walls of raised beds. While the heat in many greenhouses is manually 
controlled, automatic valves are available. 

Greenhouse Ventilation. Ventilation is necessary to control air tempera
ture, to provide fresh supplies of oxygen, and to maintain air circulation. 
Stagnant air, especially if considerable water vapor is present, may re
sult in trouble from mildew. In many houses, the side walls include sash 
which are hinged and may be opened for ventilation, plus hinged 
vents on one or both sides at the top, or ridge. These vents are normally 
opened and closed by means of mechanical devices either manually or 
automatically powered. 
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Beds and Benches. The plants in a greenhouse may be grown in 
ground beds or in raised beds or benches. Cultivating and using the 
ground surface is the least expensive method and allows for a maximum 
use of space. However, the operator has very little control of soil 
temperature, and with plants requiring considerable support and dis
budding as do carnations, working on the crop is more difficult. The 
raised bed has the disadvantage of requiring more waste space for 
walks, plus the expense of the side walls ( wood, cement, transite, 
etc. ) and bringing in of additional soil. With raised beds it is easier 
to sterilize, control soil moisture, heat, fertilize, disbud, and harvest the 
crop. 

The raised bench requires the maximum expense in construction and 
requires at least the same amount of space for walks as do the ground 
beds, but permits even greater control of temperature, fertility, and 
moisture conditions. Heating coils may be run underneath the bench to 
provide bottom heat. Moreover, the space underneath the bench 
may be used for the storing of pots, extra soil, or even some plants and 
bulbs which do not require maximum sunlight. 

Greenhouse Watering. The moisture supply in the greenhouse must 
be provided by artificial means. The simplest method, requiring the 
least expensive equipment, is the garden hose, which permits the operator 
to regulate the amount of water to each plant and permits washing 
down the foliage to remove dirt when that practice is safe and desirable. 
There are a number of automatic devices in use to save labor, includ
ing subirrigation, where water is brought into the base of watertight 
beds or benches, and surface irrigation, where pipes with tiny nozzles 
are placed at ground level. In some cases, not only water but nutrients 
are supplied by subirrigation of gravel or sand with solutions containing 
the necessary elements in the proper proportions. This speCialized 
system requires watertight and properly leveled benches or beds, suitable 
storage tanks for a supply of the nutrient solution, plus pumps capable 
of handling the amount of material needed. 

Greenhouse Layout and Management. Greenhouses are expensive, cur
rently costing $10 or more per square foot. The most intensive and ef
ficient operation is necessary for financial success. Therefore the plan
ning of the range is very important. Locating the range so as to avoid 
strong winter winds is desirable. Location of the powerhouse lower than 
the range so that water from the steampipes will return by gravity may 
reduce operational costs. The location of the head house, where plants 
are propagated, potted, shifted, and packed, across the end of several 
houses may greatly increase the efficiency of these operations. Need
less to say, both power plant and head house should be located so as not 
to interfere seriously with light. A head house along the. north ends of 
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houses running north and south will ordinarily provide for maximum 
efficiency of operation and not interfere with sunlight. 

Raised thresholds between houses which prevent the easy use of 
wheelbarrows or other devices for carrying plants and soil should be 
avoided. The arrangement of beds or benches at right angles to a cen
tral aisle will reduce carrying and permit the use of carts on wheels 
or carriers on an overhead track. If the usual approach to the house is 
from one direction, placing the side branches at an angle (herring
bone effect) would eliminate sharp turns and facilitate the use of carts, 
etc. While such arrangement of benches may save time with potted 
plants, beds or benches running lengthwise of the house may be more 
efficient for most cut-flower crops. 

Shade and Slat Houses. Under certain climatic conditions, and for the 
growing of some plants, the almost completely artificial environment pro
vided by a greenhouse may not be necessary or desirable. As was indi
cated earlier, the type of growth may be altered by light intensity. The 
shade provided by cloth or slats may produce the soft, succulent to
bacco leaves desired for wrappers and longer-stemmed, better-quality 
flowers on snapdragons, asters, and roses. Under conditions of extremely 
bright sunlight, the intensity of color of some flowers may be reduced. 
Many plants, especially some of the evergreens such as boxwood and 
rhododendron, may lose water so rapidly under full light c:onditions, both 
in summer and winter, that injury is caused. The tissue HMy be killed or 
simply become brown-spotted. Some evergreen r..ur!:31'Y "lOck does bet
ter if protected from the intense sunlIght, heat, and drying winds en
countered in some sections of the country. 

In the shade houses of tobacco-growing areas ()f 'the Connecticut 
valley and northern Florida, special types of cloth are used to cover a 
post-supported wire framework. This cloth is ordinarily used on the 
top for one season, and for the side 'walls the second season, before 
being discarded. Slat houses are usually constructed of wood strips 
1 Y:! to 2 inches in width, spaced about the same distance apart. Such 
structures may be more or less perma:oent and high enough to allow work
men to pass beneath the top or simply convenient-sized sections of 
slats placed over cold frames or on low supports, Shade and slat 
houses give some protection from splashing during heavy rains and may 
facilitate insect control. 

In a later chapter, in connection with florist crops, the influence 
of length of day upon blossoming of some flowers will be discussed in 
some detail. The chrysanthemum is one of the commonest plants in
volved, and in some places special black-cloth houses ~,re constructed 
so that the length of day may be controlled. 
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Miscellaneous. There are many other devices used to modify, in some 
way, the environmental conditions surrounding plants and thus influ
ence their development. These include the cone-shaped paper hot caps 
commonly used to protect plants from late frost. These are made of 
paper which is treated for resistance to moisture and decay and may be 
held in place by a little soil placed around the base. They cut down light 
intensity and thus favor a soft, spindly type of growth. They should be 
removed, therefore, as soon as practical under the conditions involved. 
Not only do they protect against cold, but they also protect from wind 
and maintain a higher average moisture condition than would ordi
narily exist. Hot caps may be particularly important with such hot
weather crops as melons. Bottomless boxes with an adjustable glass top 
are used for starting some annual plants and forcing such perennials as 
rhubarb. These boxes are relatively expensive to construct, but with rea
sonable care should last for many years. 

sash 
B 

sun's 
rays 

FIG. 6-6. Solar frame where heat of sun is stored during day in ground, stones, etc. 
(C) and released to provide bottom heat during the night. To be most effective, 
frame must be tight and may be insulated and covered with blankets at night. 

Special chambers are used both inside and outside the greenhouse 
for propagation. With roses, where almost 100 per cent humidity is re
quired for successful grafting, a small frame about one-half the size of a 
cold frame may be constructed. These grafting cases (W ardian frame~) 
may be used for other propagation also. In propagating the high-bush 
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blueberry, a so-called solar frame may be used (Figure 6-6). The heat 
is trapped in a large chamber to heat the propagation tray (A) during 
the night. Dark-colored stones (C) or black paper on the ground may 
be used to increase the heat absorption. 

The use of plant growing structures involves additional expense and 
may alter normal environmental conditions unfavorably. Careful man
agement is required to ensure maximum safety, growth, and financial 
success. The hazards of hail, wind, sleet, and snowstorms must be 
considered. An hour of sunlight on an otherwise cloudy day may raise 
temperatures in a tight house sufficiently to seriously wilt and perma
nently injure some plant tissues. The reserve water supply in deep soils 
is not available. During the period of use, plant growing structures must 
ordinarily be serviced seven days a week, and during critical periods, 
several times a day. 

QUESTIONS 

1. What are the differences between cold frames and hotbeds? 
2. What means may be used to increase the period of usefulness of a cold 

frame? 
3. Explain the advantage of electrical hotbeds as compared with those heated 

with manure. 
4. What is a sash house?-
5. What is a ridge-and-furrow greenhouse? Advantages? 
6. In what ways are raised beds better than ground beds? Disadvantages? 
7. Why is greenhouse layout so important to success? 
8. Why is some tobacco grown under cloth? 
9. What structure is used for the propagation of some roses? Blueberries? 

10. What are the functions of ventilation in the greenhouse? 
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CHAPTER 7 

Vegetable Crops I 

In Chapter 1, brief reference was made to vegetable growing as a 
major part of the field of horticulture. Some of the common vegetable 
crops were listed according to the part of the plant used for food. In
formation on economic value and per capita use was given. In Chap
ter 2, some of the methods of plant classification were mentioned and 
it was indicated that one was on the basis of climatic (largely tempera
ture) adaptability. Some writers on vegetable growing list the crops 
according to whether they grow best under cool or warm conditions. 
Others divide the crops into groups on the basis of the part of the plant 
used, as in Chapter 1, while still others make a rather detailed clas
sification which takes into account several items including use (salad, 
greens), part of plant (bulb, roots), habit of growth (vine crops), or 
botanic family relation (solanaceous fruits). No system is completely 
satisfactory. 

In treating vegetable crops in an introductory horticulture text, no 
attempt will be made to cover all the crops. Some of the more common 
ones will be selected for detailed discussion after treating general 
principles which apply tu the growing of all vegetables. In some in
stances, this information will apply equally well to flower crops (flori
culture). While the cultural practices for specific crops will be presented 
where possible, special attention and emphasis-will be given to principles 
involved which have more general application. 

CROP ROTATION 

Crop rotation, while not restricted to the growing of vegetables, is 
particularly important with them. Rotation may be defined as a system
atic succession of crops. Ideally, a long-time plan is involved whereby 
no particular crop or type of crop is on the same land more oftP.Il than 
every three to five years. Ideally also, green-manure crops, -which tend 
to improve the soil organic-matter content and pOSSibly its physical 
structure, are included in the' rotation. 

155 
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Crops use the nutrient elements of the soil in different proportions. 
Therefore one-crop culture results in unequal depletion. If, however, 
crops are varied, the depletion of the various elements may be more 
nearly equal. By alternating crops so that those which are deep-rooted 
are followed by those which are shallow-rooted, the general soil struc
ture may be improved. Also, the nutrient elements at deeper soil levels 
may be taken up and released from the residue of deep-rooted plants 
which are plowed under. In this way, shallow-rooted plants secure nu
trient elements which came from a greater depth of soil. Low yields 
have been reported to occur when certain crops follow others (onion 
after cabbage or beets) or when the same crop is planted in the same 
area year after year (carrots follOwing carrots). While in some cases 
this may be a matter of unequal use of necessary elements, supplying the 
limiting elements does not always rectify the difficulty. It has been sug
gested that certain toxic substances may be involved. 

Breaking the life cycle of certain insect and disease pests which tend 
to b'lild up in the soil is a very important reason for crop rotation. 
The golden nematode attacking potatoes and tomatoes may be taken 
as an example. It is already common practice in Europe and some sec
tions of this country to carry on systematic rotation as a means of living 
with these tiny organisms. It appears that unless the specific crop or 
crops on which they thrive is grown repeatedly, the population tends 
to die out. Therefore, if the crop (tomatoes or potatoes) is grown only 
occasionally, the nematode population never reaches the point where 
satisfactory crop yields cannot be secured. In a similar way, certain 
fungus diseases may accumulate in the soil from plant residues and 
will disappear, or at least be greatly reduced, if nonsusceptible crops 
are grown in the area for a period of time. Clubroot of cabbage is an 
example. 

One reason for rotation has little to do with the growing of the crop 
itself, but a great deal to do with the tendency of people to plant 
heavily a crop which was particul<l.rly profitable the preceding year. 
This type of plunging often leads to very disastrous results in the market 
place and, for most people, cannot be recommended. The fact that a 
definite program of rotation has been planned tends to reduce this 
tendency to plunge and makes for a better economic situation. 

GARDEN LAYOUT 

The arrangement of the vegetable or market-garden area can be 
quite important. Some of the considerations have been mentioned 
earlier, namely, the importance of slope as it influences earliness of 

" crop and the direction of cultivation as it may be a factor in erosion con-
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trol. In review, generally speaking, a southern slope will accumulate 
more heat than a northern slope and will therefore produce earlier 
crops. This may be either an advantage or disadvantage, depending 
upon the market situation. Since most vegetable crops are cultivated in
tensively, steep slopes should be avoided, but whatever the slope, the 
rows should go along the .contours rather than up and down, as a means 
of reducing the danger of soil washing. With the growing of crops 
such as sweet corn, it is important that the plants be in blocks rather 
than in a single row. Corn is wind-pollinated, and a wind at right 
angles to a single row would result in little or no pollination. 

From the standpoint of operation, it is good economy to have rela
tively long rows rather than a large number of short ones. Considerable 
loss of space and time may occur in making turns at the ends of the 
rows. Another matter to be considered is closeness to irrigation water. 
If all the garden area cannot be irrigated, crops which are shallow
rooted and most likely to require water should be in the area closest 
to the irrigation water supply. In general, intensive crops should be 
planted closer to the main buildings than are extensive crops, be
cause relatively more hand labor will be involved and less t:me will be 
lost in traveling to and from the job. The arrangement of rows for 
the easy distribution of picking containers and collection of the har
vested product is an important consideration also. By careful planning, 
the economy of operation may be greatly increased. 

SUCCESSION OF CROPS 

Many vegetable crops may reach market size in a few weeks. Unless 
some arrangement is made for following such crops with another, the 
maximum land-use efficiency will not be secured. The arrangement 
whereby early crops are followed by midseason crops and, in some 
cases, again by fall crops is called succession. It takes careful planning 
so that the ideal marketing time may be secured for the bulk of the 
crop. A crop such as spinach may be planted in the fall for early
spring harvest and be followed by a summer crop of snap beans, and 
later by a crop of turnips, lettuce, or late cabbage. This double and 
triple cropping of land with cash crops is not practical in all cases. 
Short-term soil-improving crops may be included. The desirability of a 
carefully worked out plan cannot be emphaSized too strongly. 

COMPANION CROPPING, OR INTERCROPPING 

Companion cropping utilizes the garden area even more intensively 
than does succession cropping. It involves the use of a rapidly matur-
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ing crop between the rows of one which is slower-starting but utilizes 

the land for a large part of the season. By securing two crops from the 

land during the same period, the high fertilizer and labor costs in

volved may be more than justified. It is, of course, necessary that there 

be an abundance of moisture available in order that both crops may 

be grown successfully. It is also important, as will be mentioned in the 

chapter on tree fruits in connection with fillers, that the intercrop be 

removed promptly so as not to cause any dwarfing of the main crop. 

Spinach, radishes, and bunch onions may be grown between cabbage, 

tomatoes, squash, and melons. Strawberries and other small fruits are 

very frequently intercropped with vegetables the first season since 

they do not spread and utilize the land completely until some time 

in the middle of the summer. 
There are, of course, some disadvantages to intercropping. The con

trol of pests may be more difficult, and the harvesting of the intercrop 

must be carried on with great care so that the maincrop is not 

damaged. When considering the desirability of companion cropping, 

the extra costs of management should be compared with the cost of 

additional land. Where land is cheap and labor high, it may pay to 

work a given area less intensively. Wherever the cost of land is ex

tremely high or the available land is limited, more intensive culture 

may be justified. With irrigation, the greater intensity of cropping is 

more likely to be found economically sound. However, the increased 

use of power machinery on commercial farms greatly limits the prac

ticability of intercropping. Prompt preparation of the land for suc

cession crops is more practical. 

PLANT GROWING 

A sizable proportion of the vegetable industry is based upon the 

growing of plants-in greenhouses or in field ar.eas in the South for ship

ment to the North. Later, in Chapter 10 on Indoor Floriculture, the 

preparation of soil for starting plants in the greenhouse will be dis

cussed. In this chapter, some of the advantages and disadvantages of 

various methods of handling the small plants, once they are started, 

will be discussed.· 
A major reason for starting vegetable plants inside or in small con

trolled areas is better utilization of expensive growing space. For ex

ample, while the seed for late cabbage might be planted directly in the 

field, it would not be possible to use that land for another crop during 

the several weeks when the plants are getting started. By using plants 

from a special bed or greenhouse, it is possible to mature another crop 

on the land first. By starting plants in a greenhouse, it is possible to 
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secure earlier crops of short-season plants and grow plants which 
would not mature otherwise, because of too short a season. 

The most common method of starting plants is seeding thickly in 
Hats or benches either broadcast or in rows. The soil should be friable, 
screened, and firmly packed, but need not be especially fertile since 
the plants will be transferred promptly. Seeds may be started in sand 
or vermiculite which would have no natural fertility. Watering once or 
twice with a nutrient solution may be desirable. Such a germination 
medium has the advantage of being essentially sterile or easily sterjlized 
so that seedling diseases are less of a problem. Seeding should be shal
low to ensure easy emergence of the seedling. Obviously, shallow 
planting of a tiny celery seed would involve less covering than seed of 

A B c D 

FIG. 7-1. Flat commonly used to start plants in greenhouse or cold frame with sev
eral operations diagramed. At A, furrows have been opened and seed sown thickly. 
At B, a planting board with evenly spaced pegs has been used to start holes for 
seedlings. At C, the seedlings have been planted, and at D, a knife has been used 
to cut roots between seedlings to produce a more compact root system prior to trans
planting. 

either bean or corn. Frequently, small s·eeds are sown on the surface 
of the soil and covered by sifting on a thin layer of fine sand or vermicu
lite. The flat or bench should be thoroughly watered; and the surface 
may be protected from drying out by' paper, glass, or other covering. 
All coverings should be removed as the seedlings begin to emerge. 

The time that seeding should be done will vary somewhat, depend
ing upon the time of year, growing conditions, and the particular plant. 
When sunlight is limited or when heat is not available to induce rapid 
growth, seeds must be planted earlier. It normally takes longer to de
velop plants in cold frames than in hotbeds or in a warm greenhouse. 
The important thing is to keep plants growing steadily. If plants grow 
too slowly because of low temperature or lack of water or fertility, the 
tissue tends to become hard and the plant fails to develop well, once 
it is in the field. A plant grown very rapidly because of too much heat 
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and fertility will have proportionately too much top for the root system 
and will not transplant well. A plant grown with little light and in a 
crowded situation will have few roots, make spindly growth, and will 
suffer from wind damage. ' 

Each transplanting operation slows up plant growth. A plant which is 
to be shifted twice will require more time than one which is moved but 
once. Starting most plants over six weeks prior to the final transplanting 
date is seldom necessary or desirable, and four weeks may be enough 
late in the season. An exception would be the few plants which could 
be grown in relatively large containers, a practice restricted to home 
gardeners or market gardeners who could expect relatively large re
turns for especially early crops. 

Seedlings of most plants should be shifted from the germination Hat 
or bed as soon as the first true leaves appear. In general, the earlier 
this transplanting, or "pricking off," is done, the less growth retardation 
occurs. Seedlings may be moved to other Hats and are commonly 
spaced from 2 to 4 inches apart each way. The wider spacing allows 
for the development of larger, stockier plants, but requires more Hats, 
soil, and space. The trend has been toward this wider spacing, but 
it is often done in two operations, requiring a second transplanting but 
conserVing valuable greenhouse space during a critical two or three 
weeks. The extra labor involved is not entirely to be charged against 
the conserving of space, however. The extra transplanting results in· 
additional root pruning, and, on some plants, a better root system at 
the time of field planting may result. Root pruning may be done with
out shifting the plants by drawing a knife blade through the soil. This 
operation is called "blocking" and should be performed about 10 days 
ahead of transplanting. It is not desirable for plants which fail to make 
new roots rapidly. 

There is considerable merit in using pots or paper containers for 
seedlings. The entire undamaged root system may be moved to the 
field, and thus the setback in growth often experienced following the 
planting operation is eliminated. Separate containers are desirable for 
all plants, including cabbage and tomato, which grow new roots rapidly, 
but are almost essential for those which fail to make new roots rapidly, 
including melon, squash, and corn. These crops cannot be transplanted 
successfully unless the roots are moved undamaged in a ball of earth. 
Paper dividers in Hats are inexpensive substitutes for separate con
tainers, but root damage during transplanting is more likely. Cost of 
containers and extra space for round pots must be considered disad
vantages. 

Hardening. A rapidly growing plant has relatively soft tissue, is more 
susceptible to wind, cold, and drought injury, and has little reserve food 
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necessary to replace the absorbing roots normally lost in transplanting. 
Such a plant has a high transpiration rate. Unless conditions are ideal, 
some plant mortality can be expected following the transplanting opera
tion. Slowing vegetative growth will tend to result in firmer tissue with a 
lower transpiration rate and greater resistance to cold in some plants and 
will allow for a sufficient accumulation of manufactured food to support 
the rapid development of new roots. This change in growth status is called 
hardening. 

FIG. 7-2. Hot caps may be used to get an early start with squash, melons, and other 
crops which do not transplant well. Instruments in the background were used to study 
temperature variations. 

Hardening may be accomplished in several ways. Lowering tempera
ture and withholding water and nutrients, either together or singly, 
will have the desired effect. The accumulation of stored food may be in
dicated by a change in color of the tissue from light green to darker 
green. In some cases, a purplish cast develops. The degree of hardening 
which is desirable will vary somewhat, depending upon field condi
tions. If considerable cold weather is expected, or if drought conditions 
prevail, more hardening may be necessary to ensure survival. How
ever, the slow recovery from extreme hardening may more than offset 
any advantage from early planting. A somewhat later setting of only 
slightly hardened plants often actually results in as early cropping and 
frequently in higher yield. 

The method and degree of hardening will be determined in part by 
the type of plant and the growth conditions expected. It is possible to 
increase cold resistance of cabbage and other cole crops, but not tomato 
and pepper. Thus there is no point in using cold as a means of harden-
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ing for the latter group of plants. Since it is desirable to have a good 
supply of nutrients in the plants to support future growth, excessive 
starvation is not usually recommended. In fact, a fertilizer application 
just prior to transplanting may be advisable. Withholding water seems 
the most desirable method for general use but should be moderate and 
in combina.tion with a slightly lowered temperature. The hardening
off process may be started about a week to ten days before transplant
ing is contemplated. 

Transplanting. As stated above, some vegetables are easier to trans
plant than others. Beet, cabbage, tomato, and lettuce are among those 
which are relatively easy. Pepper, celery, and onion respond fairly well if 
care is taken, while bean, corn, squash, and melon are rather difficult to 
transplant successfully. There are several factors involved, including 
speed of growth, the stored food supply, and the rate at which roots 
become incapable of absorbing water because of the formation of an ex
ternallayer of corky cells or by the deposition of suberin in existing cells. 

FIG. 7--3a. Melons do not transplant satisfactorily unless roots can be moved in an 
undisturbed mass of soil. Plants at left were not transplanted; those at right have 
been moved and are growing poorly. 

Success in transplanting is largely dependent upon water relation
ships. No matter how carefully the job is done, some root damage re
sults, and thus the ability of the plant to secure moisture is, at least 
temporarily, reduced. This lower water-intake potential is more serious 
if the top of the plant grows at a rapid rate, and thus the water require
ment is increasing rapidly. The formation of new water-absorbing roots 
is essential to the continued growth of the plant. The capacity of a 
plant for producing new roots rapidly is important, and a supply of food 
material is necessary. 

The active absorptive life of roots varies. With plants which are dif
ficult to transplant, such as cucumbers and beans, sube:.in may be de-
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posited in the endodermis within three or four days. Since suberin is 
impervious to water, such roots may be in the presence of adequate 
moisture and the plants still die for want of water. Plants of cabbage 
and tomato may have roots several weeks old which are still capable 
of active water intake. Several combinations of circumstances are pos
sible, such as a rapid-growing top, poor root-regeneration rate, and 
rapid suberization of what roots there are. With such plants, trans
planting, to he successful, should be with a ball of earth rather than 
bare-rooted. 

FIG. 7~'3h . Carrots do not transplant satisfactorily. Normal roots on the left, and 
transplanted plants on the right. 

In addition to the factors mentioned above, the inherent response to 
injury of roots must be considered. For example, an injured cabbage 
root tends to branch rather freely and may actually produce a better 
absorbing system than would have been the case without injury. The 
roots of corn, on the other hand, fail to make a good root system again. 
Some plants, including the carrot, which has a long taproot, will not 
form good marketable roots if transplanting is delayed beyond the 
first few days. The beet, on the other hand, will survive the transplant
ing operation and produce a satisfactory crop. 

It is doubtful if any plants attain as great size or produce a crop as 
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rapidly when transplanting is practiced. Therefore the operation must 
be justified on some other basis. The cost of the extra handling of the 
plants also suggests the desirability of limiting transplanting in so far 
as possible. Where it is desirable to transplant in order to get earlier 
crops or to conserve space, it is recommended that growth be checked 
as little as possible. As stated earlier, six weeks from seed to transplant
ing is ordinarily long enough. 

FIG. 7-&. Corn may be transplanted with fair success if done carefully while plants 
are young. However, the practice is not generally recommended. 

Transplanting to the Field. Plants should Le prepared for the trans
planting operation by a thorough watering to ensure complete turgidity 
and to increase the adherence of earth to the roots. It is a common 
practice to provide nutrient elements in solution either just before, dur
ing, or shortly after transplanting, to speed the initiation of new growth 
by the plant. These so-called starter solutions may be made from an 
ordinary 5-10-10 chemical fertilizer or from special high-analysis fertil
izers such as a 13-26-13. Only the liquid should be used, and since ordi-
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nary fertilizers are not completely soluble, the special preparations 

are preferred. From 5 to iO ' pounds of the f~rtilizer, depending on 

analysis, is added to 50 gallons of water, and from ' 'a'ne'-fourth to one

half pint used per plant. The use of a starter solution is especially valu

able when plants are set in soil of low fertility. If fertilizer solutions 

are applied to plants in the Rat, one may assume tIlat they will be 

well supplied with nutrients at the time of transplanting. 

FIG. 7-3d. Tomato plants are commonly transplanted. While the plants are set back 

slightly, new roots develop rapidly even along the stem if set deeply. 

Where plants are bare-rooted, it is common practice to dip the root!> 

in a pail of mud. Enough mud will adhere to the root system to ensure 

close soil contact when transplanting is done. The time of day for 

transplanting may be important. If the wind is high and the sun is 

bright, transplanting in late afternoon or early evening is preferred. 

Transplanting may take place at any time on a still, cloudy day, but 

plants should be protected from drying out. 

There are a number of transplanting methods in common use. The 

simplest, but mosi. time-consuming, is the opening of a hole in the earth, 

for each plant, with a trowel. One person opening up holes with a 

spade while another places the plants and firms the earth about them 

with his foot will speed up the operation. Another way is to open a 

furrow with a plow. One person drops plants along one or several 

rows while others follow and firm the earth around them with their 

hands. The additional earth may be put back into the furrow with a 

plow or during subsequent cultivation. In large commercial operations, 

most of the planting is done with machines which open up furrows 
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and deposit fertilizer alongside. One or more operators place plants 
at the proper intervals, and attached shovels and wheels fill in the soil 
and compact it. The plants may be watered with a starter solution 
also, all · in one operation. 

It is very important for the success of the planting operation that 
close contact with soil be reestablished in order that the roots may take 
up moisture. This will be facilitated by vigorously firming the soil about 
the roots or by settling with water. The elimination of air pockets is 
very important also. Where possible, fields of transplants may be ir
rigated to help prevent wilting. In the small garden, it may be possible 
to shade the individual plant to facilitate its recovery .• 

Since there will usually be some mortality in any field transplanting 
job, it is well to have extra plants available and to go over the field 
within a few days to replace those which have failed to take hold. New 
transplants are often injured severely within the first few hours or days 
by insect attacks. In fitting a field, the amount of vegetation is greatly 
reduced, and thus the insect population tends to concentrate on what 
little is available. There are soil treatments for the ~ontrol of cutworms, 
cabbage maggot, etc., and sprays applied to the tops of plants for the 
control of flea beetles and other leaf insects. More details on pest con
trol will be found in the chapter on Plant Growing Problems (Chapter 
16). 

SOIL PREPARATION FOR VEGETABLES 

Vegetable crops are ordinarily grown on soil which has been thor
oughly prepared by plowing and harrowing. Applications of lime and 

~IG. 7-4. Thorough soil preparation is important. On this New Jersey farm, the soil IS bemg worked into wide beds. This is especially desirable when irrigation or heavy rains _might cause excessive wetting of small plants. 
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fertilizer are usually worked into the soil prior to planting. For best 
results, the soil should be plowed to a considerable depth and all clods 
thoroughly broken up. With small-seed crops such as carrots, beets, and 
onions, a smooth seedbed is important to ensure even germination and 
to reduce the labor of cultivation. If a relatively coarse crop, such as 
corn, is to be grown, much less care need be used in seedbed prepara
tion. Where erosion control permits, plowing in the fall is desirable. 
Such treatment of the soil results in killing some insects and favors ini
tial decomposition of organic materials. The soil should not be harrowed 
until spring, when a thorough disking and smoothing will prepare it 
for early-planting operations. 

CULTIVATION 

The soil may be cultivated for several reasons, of which the conserva
tion of moisture is most important. The control of weeds and the elim
ination of a crust or compact surface layer are largely involved. More 
rapid drying out of the soil early in the spring and better aeration at 
any time may be credited to cultivation also. Rather extensive ex
periments indicate that, in most instances, the control of weeds is of 
the greatest importance and that cultivation beyond that necessary for 
weed control should be limited. With a soil which tends to crust fol
lowing a rain, cultivation to improve soil air circulation and water 
penetration may be worthwhile. However, the deep and frequent 
cultivation formerly practiced for the purpose of establishing a dust 
mulch of several inches over the surface of the soil has proved not only 
unnecessary but definitely detrimental to plant growth. From the stand
point of conservation, loose powdery I'urface soil is frequently lost dur
ing a hard shower through sheet erosion. Moreover, the water in the 
top few inches is lost through evaporation and is therefore not avail
able to the plant. Deep cultivation also cuts many roots and reduces 
both water and nutrient uptake. In recent years, much of the control 
of weeds has been accomplished through the use of chemicals. These 
will be discussed in some detail in ~ later chapter. 

One disadvantage of cultivation, at least with heavy equipment, 
is the compacting of the soil which occurs. Compaction is particularly 
serious on heavy clay soils if the cultivation is done shortly after a rain 
or at any time when the soil is very wet. The yield of potatoes and 
some other crops has been measurably reduced by the use of heavy 
tractors in cultivating and spraying operations. However, there are cases 
where cultivation must be practiced for the purpose of hilling the 
plants to bring about a better covering of the tubers in the case of 
potatoes and to increase the support for corn. Such a hilling operation 
is also of value in controlling small weeds by smothering. 
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PERENNIAL VEGETABLES 

Plants may ,be ,anI).1:ml, qiennial, or perennial. There are two perennial 
vegetables which appear in most home gardens and are iJ;nportant 
also as commercial crops. These two-asparagus and rhubarb-will be 
discussed briefly, with emphasis on the special characteristics concerned 
rather than cultural details. 

Asparagus (Asparagus officinalis). Asparagus is a herbaceous peren
nial, valued for the succulent shoots which are used fresh, canned, and 
frozen. It is widely grown throughout the United States in home gardens, 
particularly in Northern sections, and commercially in New Jersey, Cali
fornia, Washington, Illinois, and Michigan. This crop is not grown suc
cessfully in the South, where extreme heat and plentiful water supplies 
permit the continuation of shoot growth late in the season. Successful 
crops are produced in warm, irrigated sections where water may be with
held to slow up vegetative growth. 

The ideal soil for asparagus is deep, well drained, and friable. Heavy 
clay soils which drain slowly and are difficult to penetrate may result 
in a large percentage of poor spears. Since the plantation will be in 
place for 10 to 15 years or more, it is important that the soil be pre
pared very deeply and that the desirable amounl..." of lime and com
mercial fertilizers, particularly phosphorus and pobsl-}, t.t:; applied at 
that time. On mineral soils, a pH of 0.0 to 6.7 is rt:commended. Sup
plies of organic matter should be added and worked into the soil prior 
to planting. . 

Asparagus is dioecious, and investigations have shown that the male 
and female plants differ in earliness, yield, and size of spear. In gen
eral, the female plants produce large but fewer spears, whereas the 
male plant produces smaller individual spears but many more of them. 
If it were possible to separate the sexes readily, the planting of male 
plants would be recommended for some markets. 

The asparagus plant makes shoot growth in very early spring, utiliz
ing the carbohydrates manufactured during the preceding season. There
fore the supply of stored food very largely determines the size and num
ber of spears which may be harvested. For this reason, the new planta
tion should be cut only after it has grown in place for one year (South 
and California) or two years (North, where growing season is shorter), 
and then only so long as is consistent with the accumulation of a large 
supply of carbohydrates for the succeeding year (two to four weeks). 
By the fourth or fifth year, the plantation may be harvested for six to 
eight weeks in the North, and longer where the growing season is more 
favorable. At any time when the spears begin to ruI). small in size, 
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cutting should be stopped. It is important that the tops be protected 
from insect and disease attack and that weeds be controlled so that the 
storage of carbohydrates for the succeeding year is assured. 

Asparagus plants are grown from seed in a nursery row, and only 
the best-rooted and largest one-year crowns are recommended for plant
ing. The crowns may be dug for fall planting in the South. While fall 
digging and storage at 40°F or less are frequently practiced, best 
spring-planting results will be obtained with freshly dug plants. Rows 
may be from 4 to 7 feet apart, and crowns spaced 18 to 24 inches apart 
in them. If hilling of the rows is to be practiced to blanch the spears 
(white grass), the wider spacing is desirable. The crowns should not 
be covered with more than 2 inches of soil at planting time, but this 
is usually at the bottom of a furrow, 6 to 14 inches deep, depending 
upon soil type. With peat, the deeper planting is safe, but with heavier 
and more compact soil, the shallower furrows are preferred. As the 
plants develop top growth, soil may be cultivated into the furrow to 
help control weeds. 

Fertilization is practiced apnually. The amount of fertilizer applied 
varies greatly, -depending upon the soil fertility level, but an applica
tion of 1,000 pounds per acre of the formulation recommended for 
other vegetable crops grown in the area may be take~ as a starting 
point. While authorities do not agree, using one-half to two-thirds of 
the amount in early spring and the rest immediately after cutting is 
over seems to have merit. 

Spring treatment consists of harrowing thoroughly, but not deeply 
enough to damage the crowns, before growth starts. This works in the 
old tops and prepares a soft layer of soil through which the spears may 
push without injury. Chemical weed control is used generally and 
may hold weeds in check tlHoughout the cutting period, after which 
thorough cultivation is usually required. 

The rate of growth is determined very largely by temperature and 
moisture. Under ideal conditions, spears may be harvested daily during 
the cutting season. A special knife is commonly used for cutting. Break
ing or snapping the spears saves labor and eliminates some grading 
and cleaning. 

Prompt cooling is important both to preserve quality and stop addi
tional growth of cut spears. Storage at 32<>F and 90 per cent relative 
humidity is recommended. 

Mar; Washington is the variety most generally planted. Strain 500, 
developed in California, is very popular in the West. Yields of asparagus 
are reported to range from 3,000 to 5,000 pounds per acre. The 
asparagus beetle is the most common pest. 

-Rhubarb (Rheum rhaponticum). Rhubarb is also a herbaceous peren-
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nial and, in the North, develops in early spring, largely at the expense of 
stored food. The crop is canned, frozen, and widely used fresh for sauce 
and pies (often called pieplant). Rhubarb does poorly in the humid 
South, but in the Southwest stays dormant in the warm dry months and 
grows during the mild winter period. 

The underground portion of rhubarb consists of a large fleshy 
rhizome with an extensive fibrous root system. While propagation by 
seed is possible, division is the usual method. DiVisions, including at 
least one strong eye. and a piece of the rhizome to supply food, are 
planted about 4 inches deep in hills 4 to 5 feet apart. Rhubarb does 
well within a range of pH 5.5 to 7.0 on fertile sandy or silt loam. The 
plant is a heavy feeder, and large applications of manure are usually 
recommended. Since all or most of the harvested shoots are produced 
early in the season from stored food, maintaining vigorous growth late 
in the season is important, and the use of fertilizer in late summer is 
recommended. The fibrous root system extends 3 to 4 feet laterally, 
and to avoid injury, shallow cultivation is recommended. 

Rhubarb plantings may be productive from 10 to 12 years, although 
some commercial plantings are reset much oftener. The leaf stems, or 
petioles, should be harvested sparingly until the plants are well estab
lished. Under a long-growing-season situation, some stalks may be taken 
the second year, but in the North, harvesting the first crop the third 
year is preferred. Not all stalks should. be taken at anyone time, and 
pulling should stop entirely when the size becomes small. Mature plants 
may be harvested for from eight to ten weeks. The petiole is not cut, 
but is removed by pulling slightly to one side. In preparing the crop 
for market, most of the leaf tissue is removed to reduce water loss 
and thus maintain quality longer. 

Mature rhubarb crowns may be forced after a resting period of about 
two months at low temperature. They may be placed close together on 
the floor of a pit or basement and covered lightly with soil or cinders 
to hold moisture. Light is excluded. Plentiful moisture and a tempera
ture between 50 and 60°F are necessary. Under these conditions, very 
little leaf expansion occurs and the maximum growth of long thin 
petioles is secured. 

Victoria, Linnaeus, and Mammoth Red are older recommended 
varieties. MacDonald and Valentine are newer, red-petioled varieties 
of increasing popularity. Giant Cherry and Crimson Winter are well 
liked in the West. Crown rot is the principal disease, and the use of 
clean plants is the only recommended control. Yields of 2 tons, or about 
20,000 stalks per acre, are reported. 
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POTHERBS, OR GREENS 

The use of green leafy vegetables has greatly increased as a result of 
research on human nutrition, indicating their value as sources of both 
vitamins and minerals. Spinach is, by far, the most important com
mercially and is available fresh year round. Large quantities are pro
duced also for canning and freezing. New Zealand spinach, mustard, 
dandelion, and turnip tops are also widely used in some sections. A 
brief discussion of several greens is given below, both because of eco
nomic importance and some of the special influences of temperature 
and length of day involved. 

Spinach (Spinaci.., oleracea). Spinach has a taproot and lateral fibrous 
roots which extend about 1 foot. A rosette of leaves develops to marketa
ble size on a short platelike stem in six to ten weeks, depending on type 
and variety. Spinach is an annual, usually dioecious, which varies in 
vegetativeness, especially among the male plants .. In seed production, 
roguing to secure maximum vegetativeness is important. Seedstalks are 
produced during long days (12 hours or more) and at normally high 
temperatures. The temperature relations are not as clear-cut as the photo
periodic response, and, moreover, varieties vary greatly. Ideally, a night 
temperature between 40 and 50°F and a day temperature of 60 to BO°F 
is best. Varieties which do not go to seed readily are called "long
standing." 

Spinach seed may be planted and will germinate in relatively cold 
soil (40°F). The young plants will stand rather severe freezing and 
may be started in the fall to secure an extremely early spring crop. 
Because of the limited root system and the cold soil (with low nitrifica
tion rate) in which they may be growing, providing fertilizer elements 
abundantly and in forms directly available to plants is necessary for 
rapid succulent growth. 

Spinach does best in a very slightly acid soil (pH 6.0 to 6.B), high 
in fertility and well drained. In poorly drained soils, the plants may be 
seeded it} raised beds to provide more adequate drainage. In droughty 
soils, irrigation is necessary. About 1,000 pounds per acre of a 1-1-1 
ratio fertilizer is commonly applied. While the full amount may be 
used before planting on the heavier soils, half of it may be reserved for 
side dressings when the crop is grown on lighter soils. When manure 
is available and used, phosphoric acid alone may be used as a supple
ment. At a high pH, manganese chlorosis may appear. Treating promptly 
with about 10 pounds of manganese sulfate in water per acre is re
ported to correct this difficulty. At a low pH, plant growth may be a 
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complete failure. For processing, much of the crop is grown on muck 
soil, which reduces the problem of grit in the product. 

Because it can be grown at relatively low temperatures and makes 
a crop quickly, spinach is valued as an intercrop and for succession 
cropping. Spacing of plants may be determined in part by marketing 
plans and available soil moisture. Under irrigation and for processing, 
plants may be grown 2 inches apart, while a spacing of 4 to 5 inches is 
more common for the crop grown for Northern markets. Rows may 
be spaced 7 to 24 inches apart, depending in part upon cultivation 
equipment. The cultivation of the soil should be shallow to avoid root 
injury and frequent enough to control weeds. 

Harvest maybegm- wht>.n--li¥eto ~bdealleS-have-developed. The plants 
are harvested by cutting the taproot just below the surface of the ground 
or just aboveground using mechanical cutters. To reduce leaf breakage, 
harvest may take place while the plants are slightly wilted. The plants 
are trimmed to remove yellow or injured leav. and washed and cooled 
to maintain quality. Aquacooling is most ective and results in maxi
mum turgidity. Spinach shipped to Nort em markets is ordinarily cov
ered with crushed or snow ice. If the op is allowed to heat, yellow
ing, toughening, and disease injury will increase. Most of the spinach 
sold in Northern markets is prep~ckaged. The market may largely de
termine variety and harvest size of the plants. Storage at 32°F and 95 
per cent relative humidity is practical for a week or two only. 

Varieties of spinach may be divided into the savoy-leaved and smooth
leaved types. Smooth-leaved types have the advantage of being easier 
to clean and include Hollandia and ViroHay, grown in California for 
processing. Virginia Savoy, Old Dominion, and Dark Green Bloomsdale 
Savoy are savoy-leaved varieties which grow rapidly but tend to go to 
seed or bolt readily. Varieties which are slower-growing and less quick 
to send out seedstalks include Juliana and Long Standing Bloomsdale. 
Yields range from 200 to 600 bushels per acre. 

Aphis and leaf miners are the principal insect pests, while downy 
mildew (leaf mold) is the most prevalent disease. Mildew is favored 
by a wet season and poor drainage. 

Swiss Chard (Beta vulgaris var. dela). Swiss chard, while grown as an 
annual for the petiole and leaves which are used as greens, is truly a beet 
which develops large tops but not thickened roots. It is a biennial and 
therefore may be grown during the warmer summer weather without 
the seedstalk formation, or bolting, which is such a problem with spinach. 
The plants may be harvested as individual leaves and will continue to 
produce new leaves from the center throughout the season. 

Chard is resistant to cold and may be planted outdoors in very early 
spring. Plants may be started inside and withstand transplanting well. 
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Since a large number of rapidly grown leaves are desired, a rich soil 
wen supplied with moisture is most suitable. The crop is not difficult to 
grow and is moderately tolerant as to soil reaction (pH 5.5 to 6.8). 
Manure supplemented by phosphorus or a complete fertilizer is recom
mended. Side dressing with nitrogen to maintain rapid vegetative 
growth is recommended on all but the most fertile soils. 

Plants should eventually stand 10 to 12 inches apart in rows spaced 
18 to 36 inches apart, depending upon the soil fertility level, water 
supply, and method of cultivation. If seeded directly in the field, thin
nings may be used for greens. Lucullus, Fordhook Giant, and Rhubarb 
(red stem) are good varieties, and yields of 5 tons per acre may be 
secured. 

New Zealand Spinach (Tetragonia expansa). New Zealand spinach is 
not really a spinach but may be grown as a green. It differs from spinach 
an<;l chard in that it grows well in warm weather only and is usually 
started under glass to ensure reasonably early cropping. Individual plants 
are set in the field after danger of frost and spaced 1 foot apart in rows 
4 to 5 feet apart. Since strong vegetative growth is desired, adequate 
nitrogen should be used, together with irrigation if rains are not plenti
ful. 

The crop is harvested by cutting off the terminal 3 to 6 inches with 
a knife. The plant produces new shoots readily from the axil of leaves. 
Cuttings may be taken every two weeks or so until heavy frost, depend
ing on growth rate. 

Kale (Brassica oleracea var. acephala). Kale is a popular green in 
many areas. It will grow during the summer in the North and also dur
ing a mild winter. It is a winter crop in the South. Some feel that light 
freezing improves quality. Kale is a biennial, growing best in a well
drained soil to which a 1-2-1 ratio fertilizer has been applied. Kale is 
a heavy feeder, and liberal applications of fertilizer will pay. It is usu
ally seeded in place and thinned to 6 to 12 inches in rows spaced at least 
18 inches apart. Yields of between 300 and 400 bushels per acre may be 
secured. A half dozen plants should do for the home owner who harvests 
by taking off the more tender leaves rather than removing the whole 
plant. 

Scotch kale has a grayish-green-colored leaf, while Siberian foliage is 
less crumpled and more nearly a blue-green in color. Dwarf forms are 
preferred and include Dwarf Curled Scotch, or Norfolk, and Dwarf 
Green Curled. 

Collards (Brassica oleracea var. acephala). This popular Southern
grown green is a nonheading cabbage and a biennial. It will withstand 
more heat than cabbage and is often substituted for that crop. Collards 
may be carried through the winter in mild climates. 
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Collards may be sown directly in the field or grown in seedbeds and 
transplanted to stand 18 to 24 inches apart in rows spaced 3 to 4 feet 
apart. The plants appear much like cabbage which was not headed. 
It may be harvested as whole plants, or the outside tender leaves may 
be stripped and tied together in bundles for market. 

SALAD CROPS 

Several vegetable crops, usually eaten in the raw state, account for 
a large part of the vegetable industry. These salad crops include lettuce, 
celery, endive, chicory, parsley, Chinese cabbage, and water cress. 
Of these, lettuce and celery are major crops. For best quality, they 
must be grown rapidly. While not especially influenced by length of 
day as such, temperature is of major importance. Exclusion of light to 
induce blanching of the stalks of celery and the center of endive is 
important to both appearance and quality. 

Lettuce (Lactuca sativa). The value of lettuce as a commercial vege
table crop is exceeded only by potato and tomato. While grown almost 
everywhere, the large commercial production is centered in California 
and Arizona under irrigation during the fall, winter, and early spring. 
Lettuce does best under a fairly cool growing season. During hot summer 
months, it can be grown successfully only at high elevations and in some 
coastal areas. A monthly mean temperature of between 50 and OO°F is 
ideal for heading. If temperature is too high, the lettuce will send up a 
seedstalk. The crop requires a large and constant supply of moisture, but 
extended wet periods may result in split and soft heads and considerable 
diseas~. 

Lettuce has a relatively small root system close to the surface. and 
is therefore dependent upon fertile, water-retentive soil for best growth. 
A sandy loam soil is preferred for the early-spring crop, and a silt loam 
for the fall crop. Muck soil is widely used and very satisfactory because 
of its high water-holding capacity. High organic matter from manure 
or green manures is important in mineral soils. If animal manure is used, 
a 1-2-1 fertilizer ratio is recommended. If manure is not used, a 1-2-2 
ratio is preferred. On new muck soils, little or no nitrogen may be 
needed, but both phosphorus and potash should be supplied. On older 
muck soils, a 1-2-2 ratio may be used. While nitrogen is necessary 
for early leaf growth, too much later on results in soft, split, or tipburned 
heads. A pH of between 6.0 and 7.0 is satisfactory. Large applications 
of lime at one time to correct soil acidity are not desirable. 

There are several types of lettuce grown, and varieties may \-dry con
Siderably within types. Butterhead varieties have soft-textured, rather 
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smooth leaves and will withstand warm weather fairly well. They will 
not stand icing and long shipment as well as the crisphead types. Big 
Boston and White Boston are popular varieties. 

The crisphead varieties, commonly but erroneously called Iceberg, 
have coarse-grained, fairly brittle foliage and a white heart. New York, 
Great Lakes, and Imperial are grown extensively. There is enough varia
tion between selections of Imperial so that the one recommended for 
use varies in different sections and at diHerent times of the year. For 
example, Imperial 44 and 152 are recommended in the Southwest for 
fall lettuce, and Imperial 615 and 101 for winter. One would do well to 
secure the latest advice for any given growing section. 

Leaf, or loose-headed, lettuce is widely grown in home gardens and 
for local market. Grand Rapids, Black-seeded Simpson, and Slobolt are 
tolerant of heat in increasing order. The crop may be picked from the 
time leaves are large enough to make harvest worthwhile until they be
come tough and bitter. Old age, slow growth, and stalk production an 
reduce quality. 

Romaine, or Cos, lettuce has an upright, long head growth. The rela
tively smooth leaves are firm, sweet, and of high quality. White Paris 
is a good variety. 

Lettuce seed fails to germinate readily at high temperatures (above 
68°F), especially if it is fresh. Using older seed or holding it moist at 
40°F for several days before planting will help to break the rest period. 
While the early crops are usually started in greenhouses or protected 
beds several weeks before field planting in the East and South, field 
planting is the rule in the large commercial areas of the Southwest. 
Plants should be set or thinned to stand 10 to 14 inches apart in rows 
about 18 inches apart. At the time of year when growth tends to be 
rapid, closer planting and resultant competition will hold down size. 
When the problem is one of securing sufficient size, wider spacing is 
favorable. Plants under irrigation are often planted on raised beds and 
somewhat closer. 

Weed control is important since most of the roots of lettuce are in 
the top few inches. Lettuce is a poor competitor. Shallow cultivation 
is recommended. Since quality is so dependent upon steady growth, 
anything which interferes should be avoided and both the fertility 
level and moisture supply should be watched closely. 

Lettuce may be harvested when heads are firm or leaves sufficiently 
developed. The plants are cut at ground level and trimmed and packed 
in the field or carried to packing houses for these operations. 

Prompt cooling is important, and the new vacuum process is very 
effective in securing uniformly low temperature to the center of the 
head. This works on the well-known principle of the cooling effect of 
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evaporating moisture. When subjected to a vacuum, enough moisture is 
evaporated from all tissues to bring about rapid equal cooling. Subse
quently, the low temperature is maintained by ice or mechanical re
frigeration. Where ice is used, the lettuce tends to absorb some mois
ture and increases in turgidity. Harvest in the Southwest is highly 
mechanized. Yields may run from 150 to 250 five-dozen-head crates, 
or equivalent, per acre. 

Lettuce is attacked by a number of diseases for which adequate con
trol measures are lacking. Sanitation and avoiding excessive topsoil 
moisture will help. Aphis are the principal insect pest and, no doubt, 
help to spread disease. Their control is therefore especially important. 

Endive (Cichorium endivia). Endive is sometimes used to replace 
lettuce in the diet. Cultural practices are similar. The crop may be started 
under glass for early-spring planting in the North, although it may tend 
to send up seedstalks if started this way. Very early spring planting out
doors is possible also, but most of the crop is sown in the summer and 
grown as a fall crop. In the South, it is grown as a winter crop. 

Endive tends to be bitter, a condition which is reduced if growth is 
rapid and if the centers are blanched. Blanching may be induced by 
very vigorous growth or close planting which shades the center leaves 
or by tying the outside leaves together over the top with string or 
rubber bands. It takes from two to three weeks for good blanching. 
Since there is danger of rotting in the center, blanching should not be 
continued longer than necessary. 

Plants are thinned to stand 6 to 10 inches apart in rows spaced 15 
to 18 inches apart. Side dressing with nitrogen is desirable to ensure 
continued rapid growth on sandy types of soil. The curled or fringed
leaved type is most popular for salads, and varieties include Giant 
Fringed, Green Curled Winter, and White Curled. The broad-leaved, 
or Batavian, type, often called escarole, is also used for greens. 

Celery (Apium graveolens). Celery, the second most important salad 
crop, is normally a biennial plant grown as an annual for its succulent 
stems, or stalks. Under certain temperature conditions, celery may go to 
seed. This tendency has been a major cultural problem. Celcry has an 
unusually restricted root system, and thns ideal soil and moisture condi
tions are required if profitable production is to be secured. 

Celery does best on well-drained muck soils. Mineral soils, if well 
supplied with fertility and moisture and also well drained, may be used. 
A soil pH of 6.0 is preferred, and a 1-1-1 fertilizer ratio is usually 
recommended as a basic application, the amount depending upon soil
test results. Additional nitrogen is applied frequently, and a total applica
tion of over 300 pounds per acre of actual nitrogen has given good 
response in California. Since boron is frequently limiting and a de-
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ficiency causes cracked stems, borax at the rate of 10 to 15 pounds per 
acre is usually applied. 

Celery requires a long season to develop and is not tolerant of very 
high temperature. It is grown in the North as a summer and fall crop 
and in the South during the winter. California production is distributed 
through fall, winter, and spring months. 

Celery seed is small and slow to germinate. It is often sown on the 
surface of the soil ~n greenhouse Hats or outdoor beds and barely cov
ered with sifted soil. Covering with wet burlap helps hold in sufficient 
moisture and allows watering without washing out the seeds. The seed 
is sometimes started between layers of moist cloth and then sown in a 
mixture of dry meal which allows the sprouting seeds to be handled 
and distributed evenly. After about a month, the seedlings are barely 
large enough for transplanting to beds or Hats, where they are grown 
until the crowns are ~ inch in diameter, a period of six to eight weeks 
or more. Direct seeding in beds may be practiced and may reduce the 
total time from seed to field transplanting by two weeks. Celery should 
not be planted outside until after danger of heavy frosts. 

It is important during the seedling period that the average weekly 
temperature be fairly high. While a temporary drop in temperature 
will not harm the plants, a temperature average of 50°F or less for a 
week will result in considerable bolting. It is recommended that day 
temperatures be around 75°F and night temperatures no less than 60°F. 
If plants are hardened prior to field transplanting, reducing the water 
supply rather than lowering the temperature should be the means used. 

Celery is spaced 6 to 8 inches apart in rows spaced 18 to 60 inches 
apart, depending upon soil type, irrigation possibilities, and cultivation 
and blanching procedure. Since the root system is not extensive, very 
wide spacing is not a substitute for a water-retentive soil or irrigation. 
If hand cultivation is practiced and blanching is done with boards or 
tar-paper strips, close spacing makes better use of land. If power cul
tivation is practiced or if blanching is done by mounding earth about 
the stems, wider spacing is necessary. Weed control should be accom
plished by very shallow cultivation, which should be frequent enough 
to prevent competition for water and nutrients. 

Blanching the stems of celery is not as important now as it used to be. 
The development of new high-quality varieties and emphasis on the 
value of green vegetables in the diet are, no doubt, partly responsible. 
When light is excluded, the green pigment (chlorophyll) soon disap
pears. However, conditions are also ideal for the development of rot, 
especially if temperatures are high. The blanching process may be 
started progressively across a field about two weeks before harvest is 
expected. 
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Celery plants are harvested by cutting with a sharp knife 1 to 2 
inches below the crown. Special machines are used for cutting large 
acreages and may remove excess tops in the same operation. For 
cold storage, only damaged outside stalks are removed in the .field be
fore the plants are placed in crates. Prompt cooling is important, and 
a minimum of handling reduces both labor and spoilage. For direct ship
ment, heavier trimming is done. Yields run from 300 to 600 crates per 
acre. 

Much of the celery sold in Eastern markets, whatever its origin, is 
packaged at destination for retail sale. The celery is washed, trimmed, 
and packaged in paper wraps. The amount in a package may vary 
from week to week, depending upon price and quality. In some cases, 
celery hearts (the innermost and usually the tenderest portion) are pack
aged separately. Celery may be held at a temperature of 32°F and at 
high humidity. However, celery continues to respire quite rapidly, heats 
if packed too tightly, and is subject to disease and drying out. Control of 
diseases and insects in the field may be an important factor in storage 
Sll'"!cess. 

Golden Plume is a good yellow, and Summer Pascal a high-quality 
green, celery. Much of the shipped green celery is of the Utah variety. 
Cornell 6 and 19 combine the thicker stems of the Utah type with the 
ready blanching qualities of Golden Self-blanching, a strain of Golden 
Plume. 

Celery is subject to a number of pests, including early hlight, late 
blight, bacterial blight, and yellows. A spray program is normally re
quired, although variety selection will help eliminate yellows. As 
noted abo~e, boron deficiency causes stem cracking, and general low 
quality will result from poor fertility and water conditions. 

COLE CROPS 

A group of crops which do best in cool weather and are relatively 
hardy are called cole crops. In addition to kale and collards, already 
mentioned above under greens, such common crops as cabbage, cauli
flower, and broccoli, plus Brussels sprouts, kohlrabi, and Chinese cab
bage, are included. They are all closely related, belonging to the genus 
Brassica. Both cultural practices and pests are somewhat similar. 

Cabbage (Brassica oleracea var. capitata). Cabbage is not only the 
most important crop in this group, but one of the leading vegetables 
grown in the United States. It thrives on many soils, but because of 
temperaturE- requirements, is planted in the North for summer and fall 
production and in the South for winter and early spring harvest. While 
large quantities were formerly grown for storage in the North, the winter 
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shipment of green cabbage from the Southwest has greatly reduced the 
demand for the blanched storage crop. 

For the early crop, well-drained sandy soils are best. For the fall 
crop, where volume is of greater importance, even heavy silt or clay 
soils may be used. The natural high fer::ility and water retention ate 
the major factors concerned. The use of manure and cover crops, plus 
chemical fertilizers and irrigation, may make it possible to grow a crop 
on almost any soil type. Late cabbage does well on muck soils. 

Cabbage is relatively tolerant of soil reaction, doing well within the 
range of maximum phosphorus availability, pH 5.5 to 6.5. Clubroot, a 
slime mold disease attacking cabbage and other brassicas, is inhibited 
by high pH. Where it is a problem, liming may be practiced, although 
too-heavy applications are likely to lead to some nutritional difficulties. 
Thorough soil preparation is desirable, and if a green manure is tumed 
under, sufficient time should elapse to allow for partial deComposition. 
While manure is desirable, good crops may be secured by using a com
plete fertilizer carrying 75 to 100 pounds each of the three major ele
ments, although little response may be expected from the potassium. 
On sandy soils, side dressing with nitrogen may be profitable. 

Cabbage may be planted in the greenhouse or in plant beds directly 
in the field, depending upon the time of year and other uses for the 
land. If the land is carrying another crop, direct field planting would 
waste a valuable month to six weeks. Seed for the early spring crop in 
the North is sown in greenhouses or hotbeds about six weeks prior to 
the time the plants can be set in the field. Starting seeds too early will 
result in unnecessary slowing of growth prior to transplanting. If seeds 
are sown thickly in flats and transplanted once in the greenhouse, an 
extra week may be required, but more uniform plants which transplant 
with a minimum of setback are secured. Tests have shown that the 
yield may be nearly doubled if large strong plants are used in place of 
small weak ones. -

In the South, plants may be started in beds and transplanted to the 
field when the weather starts to become warm, or in the fall before 
winter's cold. The plants, if well establisht:d, will withstand as much 
as 15°F below freezing for short periods and will be ready to start growth 
later. As with some other crops, temperature may influence seedstalk 
formation. If plants become too large before cold weather, they may 
tend to bolt in the spring. Too-early planting, too much fertilizer too 
early, an unusually late and warm fall, all these might result in plants 
reaching the stage where cold would cause this undesirable eHect. Cab
bage is a biennial but may be kept growing vegetatively indefinitely if 
cold treatment does not intervene. 

Cabbage size may be controlled in part by _ spacing, as is the situa-
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tion with lettuce. Since the public seems to prefer smaller-sized heads, 
varieties which tend to run too large are planted closer together. With 
the portion of the fall crop used for sauerkraut. total tonnage is more 
important and maximum size is sought. Early cabbage is set 12 to 15 
inches apart in rows 2 to 3 feet apart. Large late cabbage may be 
spaced as much as 2 feet apart in rows spaced 3 or more feet apart. 

Cabbage root systems are much more extensive than those of celery 
or lettuce but are located equally close to the surface. Therefore shallow 
cultivation is important, except under one condition. If fertilized too 
heavily with nitrogen, or if heavy rains follow a period of drought and 
slow growth, the head may burst as maturity is approached. Under 
these conditions, a deep cultivation, by severing some of the rooi:s, may 
reduce water intake enough to save the crop. 

Harvesting is done with a sharp knife which severs the stem inside 
the outer leaves. The head should be well filled and firm. Early 
in the morning or following rains, the turgidity of the leaves is sueh 
that considerable breakage may result. Especially if inteJ;lded for stor
age, all unnecessary bruising should be avoided. Yields range from 8 to 
12 tons per acre for market, and 12 to 20 tons for processing. Smaller 
heads may bring more per pound and thus tend to equalize returns. 

While outdoor pit storage is possible (Chapter 17) and storage in 
special air-cooled buildings has been common in the North, cold storage 
at 32°F and 90 to 95 per cent relative humidity is best. Slight freez
ing will not hurt cabbage, but some insulation is required to maintain a 
reasonably even temperature. One of the major problems with make
shift storage is the inability to control humidity. The crop may dry exces
sively if the humidity is low and rot if the humidity is so high that, with a 
drop in temperature, free moisture is deposited. A shrinkage of about 15 
per cent can be expected in even good air-cooled storages. 

In addition to clubroot already mentioned above, root knot caused 
by a parasitic eelworm causes trouble in the South by invading the 
rootlets and causing swellings. Crop rotation (that is, not including other 
brassicas) is helpful. Yellows, caused by FllSariltr.1 congllltinans, is more 
prevalent in the North, and rotation is not a satisfactory control. He
sistant varieties and clean seedbeds are recommended. The cabbage 
maggot, which attacks the roots, and several leaf-eating worms are 
frequently troublesome. Aphis are also a problem. 

There are several types of cabbage, varying in shape, size, growing 
season, color, and leaf texture. Of these, the Wakefield group, including 
Jersey Wakefield and Charleston Wakdield, are important early-crop 
varieties. Golden Acre, an early yellows-resistant strain of Copenhagf'n 
Market, is rapidly replacing \Vakefield on most fresh markets. Enkhuizen 
Glory is used for kraut, and Danish Ball Head types are the hest for 
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storage. Red Cabbage is in limited demand, as are the crinkly-leaved 
Savoy varieties. 

Cauliflower (Brassica oleracea var. botrytis). Cauliflower is much more 
difficult to produce than is cabbage, although many cultural practices are 
similar. It thrives in a cool, moist climate and is not as tolerant of either 
heat or cold. The head, or curd, formed from shortened flower parts, 
does not develop in hot weather. Few areas have the satisfactory cli
matic conditions to make commercial production profitable. Sections of 
California are favorable during the fall and winter. The tempering influ
ence of Long Island Sound and the Great Lakes permits successful pro
duction in adjoining sections of New York and Michigan. Elevation pro
vides sufficient coolness and moisture in some other areas. 

Cauliflower yields are depressed by both low and high acidity, and a 
range between pH 5.5 and 6.6 is best. Magnesium deficiency, showing 
as leaf chlorosis, may be corrected by using high magnesium limestone. 
Boron deficiency, resulting in hollow stems and browning of the curd, 
is corrected by applications of borax, 10 to 15 pounds per acre on 
acid soils and more on neutral or alkaline soils. As noted previously, 
excesses of boron may cause injury also, and recommended applications 
should be followed carefully. 

A well-drained, deep loam soil is best for cauliflower production. 
Large amounts of organic matter from manure or green-manuripg crops 
plus chemical fertilizer are advised. Although fertilizer practice will 
vary with soil type and from area to area, rather heavy applications, a 
ton or more of a 1-2-1 or 1-2-2 ratio, are common. In addition, side 
dressing with readily available nitrogen will usually pay dividends. 

Cauliflower plants are handled in much the same way as are cabbage 
plants. Good seed is especially important because of wide variation in 
strains. A condition known as ''buttoning,'' where a small curd develops 
early and leaves remain small, seems to be associated with nitrogen 
deficiency early in the life of the plant. It is less likely to occur when 
plants are started only six weeks prior to field transplanting and are 
kept growing vegetatively by supplying adequate amounts of nutrients 
and water. Shallow cultivation for weed control is also important to 
eliminate competition without damaging the shallow lateral roots. Plants 
are set 18 to 30 inches apart in 3-foot rows. 

The ideal head of cauliflower is pure white, without leaves protruding 
between the curds or ricing, an irregular elongation of the stems, which 
occurs in time under cool-weather conditions. Blanching is secured by 
tying the top leaves together over the top with string or rubber bands. 
The time necessary for blanching varies from 2 to 12 days, depending 
upon weather conditions. Therefore frequent checking is important. If 
blanching is started at a certain stage of development of the curd and 
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those tied anyone day are identified by different-colored string, 
much time may be saved in harvesting. It normally takes the same 
length of time between tying and ideal market condition. With the 
late crop matuo:'ing in cooler weather and with some large-growing 
varieties grown in California during the short days of winter, satis
factory white curds may be secured without tying. 

Harvest starts when the curd is of sufficient size and before it becomes 
discolored or begins to rice. A sharp knife is used to cut the head with 
its surrounding leaves, which are then trimmed to extend about an inch 
above the cur(t These leaf stems provide protection during shipping. 
CauliHower may be stored for about a month at 32°F. Prompt cooling 
is important. Yields of 5,000 to 6,000 heads per acre may be secured, 
depending upon spacing and percentage of marketable heads. 

In addition to the diseases listed under cabbage and "the browning 
associated with boron deficiency, whiptail is sometime~ encountered on 
Long Island. This appears to be a nutritional difficulty associated with 
low pH and low fertility (molybdenum deficiency). It results in nar
rowed, rufHed leaves, dwarf plants, and either no head or riced and 
leafy curds of low quality. The same insects attacking cabbage are com
monly found on cauliflower. 

The rapid growing Snowball is used for the early crop. There are 
several strains available, and it will pay to buy from a reliable seedsman 
selling in the area concerned. The late-crop cauliflower with its larger, 
coarser heads is named for the month in which it norn'ally matures, 
such as November, December, March, etc. 

Broccoli (Brassica oleracea var. itaijca). Broccoli, sometimes referred 
to as "sprouting" or "green sprouting," has increased greatl;r in popular
ity during the past generation. It produces green, rather than the white, 
flower heads of cauliflower. The central inflorescence develops first and 
may be of considerable size. Additional inflorescences develop in the 
axils of the leaves after the central one has been removed. Therefore a 
field ma} be harvested over a considerable period of time. These second
ary heads are smaller in size and may be quite irregular. 

Broccoli is grown Widely by home gardeners and commercially for 
both fresh market and freezing. Both" a spring and fall crop may be 
produced in the North, and winter crops in the South. It is essentially a 
cool-weather crop. 

Plants are started as are cauliHower plants and set in the field about 
the same time, 18 to 30 inches apart, in 3- to 4-foot rows. Good soil 
preparation and fertilization are important. 

The head will tend to break apart as it becomes mature, and in
dividual Bowers will open. Harvest should str.rt just before this occurs, 
and !nvolves cutting to include a portion of the thick stem, which is 
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also edible. Prompt cooling is necessary to prevent opening of flowers 
and browning of the head. Moisture is important to prevent wilting 
and loss of quality. A good strain of Italian green-sprouting broccoli 
should be grown. Calabrese, Di Cicco, and Freezer are listed rather gen
_rally. 

Insect and disease pests common to cabbage and cauliflower are also 
common on broccoli. Aphis and worms are particularly troublesome be
cause their green color makes them difficult to detect, and as a result, 
infesteu heads often reach the market. 

QUESTIONS 

1. What is meant by crop rotation and why is it important in the vegetable-
/!Towing industry? 

2. What influence do crop, erosion, and harvesting have on garden layout? 
3. What is meant by crop succession and why is it practiced? 
4. Is companion cropping of increasing or decreasing importance? Why? 
5. Explain changes which take place in a plant during hardening. How 

may it be accomplished? 
B. Why are plants usually started in seed flats and transplanted one or more 

times? 
7. What preparations should be made and what conditions considered before 

setting plants in the field? 
B. Why are some plants more easily transplanted than others? 
9. Why is cultivation practiced? Is it on the increase or decrease in your 

area? Why? 
10. Discuss basic cultural requirements for asparagus. 
11. How is rhubarb propagated? 
12. Why is spinach grown in the spring and fall in the North? 
13. How do growth conditions for spinach and Swiss chard differ? 
14. What are the three common types of lettuce? Give one or more typical 

varieties of each. 
15. What is the usual method of cooling harvested lettuce in major production 

areas? 
lB. What type of root system does celery have and how does this influence 

cultural practices? 
17. What are the common cole crops and to what genus do they belong? 
lB. When would deep cultivation of cabbage be justified and why? 
19. What are the environmental conditions favorable to cauliflower produc

tion? 
20. What mineral deficiencies are sometimes encountered in the growing of 

cauliflower and what are the symptoms? 

SELECTED REFERENCES 

Chupp, C.: "Manual of Vegetable-garden Diseases," The Macmillan Company, 
New York, 1925. 

Fernald, H. T., and H. H. Shephard: "Applied Entomology," 5th ed., McGraw
Hill Book Company, Inc., New York, 1955. 



184 Introductory Horticulture 

Knott, J. E.: "Vegetable Growi,ng," 5th ed., Lea & Febiger, Philadelphia, 1955. 
MacGillivray, J. H.: "Vegetable Production," The Blakiston Division, McGraw

Hill Book Company, Inc., New York, 1953. 
Thompson, H. C., and W. C. Kelly: "Vegetable Crops," 5th ed., McGraw-Hill 

Book Company, Inc., New York, 1957. 



CHAPTER 8 

Vegetable Crops II 

In the preceding chapter, consideration was given to several general 
matters such as rotation, layout, transplanting, etc., which apply to many 
crops besides those covered in some detail later in the chapter. Irrigation 
and weed control similarly are discussed in this chapter. 

IRRIGATION 

Supplying water by irrigation makes possible the growing of crops in 
arid or semiarid regions and takes some of the gamble out of handling 
these same crops in humid areas. The use of supplementary irrigation 
is increasing with vegetables and small fruits in areas where natural 
rainfall has been relied upon for years. Increased costs of production 
and quality competition make leaving the water supply to chance an 
ever-greater economic hazard. Each year, especially whe,n prolonged 
drought occurs, more growers put in irrigation systems or extend those 
they already have. 

The advantages of irrigation in arid regions are obvious. In humid 
areas, it may be used to secure rapid seed germination, a quicker start 
for new transplants, improved blossom set at critical periods, and con
tinued rapid growth during temporary dry periods. Disadvantages in
clude, besides the cost involved, the possibility of overwatering if rains 
follow too soon and the spread of certain diseases. The possibility of ap
plying fertilizer elements in the irrigation water must be included as an 
advantage. 

Surfll.ce Irrigation. When land is relatively level, water may be sup
plied fairly evenly to the surface or through a series of shallow ditches. 
It is necessary to smooth the soil so that there will be no low spots. The 
grade necessary will vary with the soil type, depth of rooting, and the 
distance the water must travel. On a porous, sandy soil, considerable 
grade is necessary to prevent most of the water being absorbed in the 
first part of the ditch, leaving the extreme end dry, or nearly so. Not only 
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do some areas fail to get water, but the wet sections may become too 
wet and lose nutrients by leaching if the water is left on too long. With 
a heavy soil through which percolation is slow, less grade may not only ' 
be satisfactory to assure water travel to the end of the ditch, but may 
be necessary to allow water to stand long enough to assure sufficient 
penetration. The space between main ditches will vary from under 100 
feet to eight or ten times that distance, depending upon soil slope and 
water source. The assistance of an engineer in making the layout may 
pay large dividends. 

FIG. 8-1. Rotating pipe irrigation. This system provides a very even water distribu
tion unless wind is strong. It is usually left in place for the season. Pipes prevent 
cross-cultivation. (URI photo.) 

Furrows to carry the irrigation water may. be made by special trench
ing tools spaced according to the crop being grown and the rate of 
lateral movement in the soil type concerned. With a very porous 
soil, there is little lateral movement, and irrigation furrows must be 
closer together than in heavier soils. However, if a porous soil is under
lain by a hardpan, the water from heavy irrigation will not be lost 
and will spread laterally at that level. Some soils are prepared for 
trench irrigation by building raised beds for the plants. Such treatment · 
prOvides for good aeration for some of the roots all the time and en
courages deeper rooting. Since less of the surface soil is wet, less water 
is lost through evaporation. 

The amouut of irrigation water to apply is an important consideration. 
The soil penetrated by roots should be kept at a high-enough moisture 
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level to assure active growth. With surface applications, this requires 
that the soil be brought to field capacity to a considerable depth, 
and it may take considerable water. As brought out earlier, water goes 
down only after field capacity is reached at the higher level. While 
light application of water may sustain life, it is uneconomical of water, 
favors shallow rooting, and makes frequent applications essential. It is 
better to do a thorough job at less frequent intervals. When soil is quite 
dry, a thorough soaking should precede the making of the raised beds 
and the planting of seeds or transplants. 

A reasonably deep and retentive soil which is at field capacity in the 
spring may be maintained in good crop-producing condition with an 
inch of water per week, supplied naturally or artificially. With unusually 
heavy cropping and on less retentive and shallow soils, somewhat more 
may be required. Since an acre-inch amounts to nearly 30,000 gallons, 
the necessary reserve for a given area may be calculated. In arid areas 
where the initial water to provide field capacity also must be supplied 
artificially, a considerably greater potential supply is necessary. 

Water may be supplied by means of pipelines which deliver directly 
to the surface through small holes or porous hose or overhead through 
many small perforations in the pipes or large rotating nozzles. These 
systems make irrigation possible on land too steep or rolling for furrow 
application and may be movable so that large areas are covered with a 
minimum of equipment. Direct application to the soil by seepage in-

FIG. 8-2. An irrigation systerr being widely used in some sections. Lightweight pipe 
is quickly assembled to carry water to rotating nozzles. System is easily moved from 
place to place. 
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volves' the problems of lateral movement previously discussed, but less 
evaporation loss. More piping is required per acre than with nozzles. 
The overhead Skinner system involving permanent overhead piping is 
now less common than formerly, both because of initial expense and 
interference with cultivation and other management practices. The use 
of lightweight pipes supplying water to rotating nozzles is increasingly 
popular. The problems of uneven watering due to overlapping distri
bution patterns, variations in water pressure, and winds may be difficult 
to solve. Also, evaporation losses and the spreading of some diseases 
must be taken into account. 

Subirrigation. Supplying water from below the surface of the soil is 
called subirrigation and is possible and desirable under special condi
tions. It is increasingly common in greenhouse beds and for small out
side areas, including rose gardens. It is the usual practice in many large 
muck-land vegetable sections and the cranberry bogs of Cape Cod. The 
area must be level or so nearly level that it can be made so by leveling 
equipment. Occasionally, a series of adjacent level areas may be at slightly 
different elevations, and water is raised from one terrace to another by 
pumps or Hows by gravity from the higher to the lower. For subirriga
tion, an area must be underlain by an impervious layer quite close to the 
surface. Ideally, this layer should be covered by a rather porous layer of 
sand or gravel which will allow for both rapid lateral transfer of water 
and, equally important at times, quick drainage. 

Water may be introduced by means of ditches dug close enough to-

FIG. 8-3. Water is raise:! in ditches of the cranberry bog t~ height necessary to pro
vide sufficient water for plants. Complete submergence. is possible. 
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gether to provide equal watering or through lines of submerged tile 
similarly spaced. Tile lines may have removable gates or obstructions 
which permit control of flow. Such tile systems may provide for drainage 
during wet periods as well as for irrigation during drought. 

One of the advantages of subirrigation is that, properly handled, it 
ensures deep rooting. By keeping foliage and topsoil dry, both disease 
and evaporation losses may be limited. However, soluble salts may be 
brought to the surface from lower soil levels and, unless leached down 
again by occasional heavy surface applications of water, may become 
concentrated enough to cause damage to, or even death of, plants. 

Maintaining ideal moisture conditions so as to secure maximum growth 
with the lowest possible outlay of water requires considerable skill. Too 
much water may be worse at times than too little, leading to soft low
quality growth, splitting or crumbling of fruits, increased disease loss, 
and delayed maturity. Devices are available which indicate soil-moisture 
supply by measuring the suction pressure developed in a plaster-of-paris 
block or changes in electrical conductivity. It should be kept in mind 
that these are valuable tools in the hands of an observant plantsman, 
nothing more. 

WEED CONTROL 

Weeds have been defined as plants growing where they are not 
wanted. Such a definition would include as weeds extra plants of the 
crop being grown and volunteers from the crops grown earlier in the 
rotation, as well as the plants of little economic value which may de
velop. One merit of the definition is its emphasis on the function or 
performance rather than on the botanic classification of the plants con
cerned. Weeds are weeds because they compete with the crop plant 
for water, nutrients, carbon dioxide, light, etc. The seriousness of a 
particular weed may be determined by its persistence (mustard and 
quack grass), speed of early growth (red root and lamb's-quarters), 
choking effect (morning-glories), or method of distribution (cockleburr 
and thistle). Weeds may greatly reduce crop yields and cannot there
fore be tolerated. Their control is a major cost factor in most horticul
tural enterprises. Several control methods will be discussed. 

Cultivation. Some of the effects of cultivation (the most common 
method of weed control) upon soil moisture, aeration, structure, nitrifica
tion, etc., were discussed in Chapter 4. In cultivation for weed control, 
blades of various sizes and shapes are propelled through the soil manu
ally or with power in such a way as to cut off or dig out the weeds, 
ideally with a minimum of injury to the crop plant. While deep digging 
may be necessary to dislodge some weeds, more root damage must be 
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expected to the crop plant. The more shallow the cultivation, the less 
crop damage from tools, but if weeds are not controlled, little is gained. 

Cultivation may start before the crop plant is seeded. The seedbed 
is prepared, and then after weed seeds have germinated, the entire 
area is given a shallow cultivation. Deep cultivation would turn up 
weed seeds from lower levels and start the cycle all over again. For 
this reason, seeding the crop should disturb lower soil levels as little 
as possible. In extreme cases, it may pay to forego cropping a weedy 
field for a year or so and encourage exhaustion of weed seeds by re
peated cultivations throughout the season. 

If not started before the crop is planted, cultivation should normally 
start very soon thereafter, and certainly as soon as the crop rows can be 
distinguished. With slow-germinating seeds such as carrot and beet, a 
few radish seeds may be sown in the row to indicate its position early. 
Weeds are usually most easily killed while very small and, even if not 
cut off by the cultivator, may be smothered by soil. Cultivation should 
be as frequent as necessary to secure and keep control. Usually, this means 
starting a day or two before you think you need to and continuing once 
or twice after you are sure you've done it enough. Cultivation early in the 
day is usually more effective, since the hot, dry air of midday does not 
favor successful rerooting of dislodged weeds. 

Mulch. Weed control by mulching with paper, plastic films, peat moss, 
sawdust, straw, etc., is usually not entirely successful by itself. Once 
weeds are fairly well under control, such materials may be used to keep 
them at a minimum and perhaps simplify control of those which do come 
through. Certainly, almost no mulch material will completely control 
quack grass, which spreads so rapidly by the stolons, having enough re
serve food so that renewal takes place from the smallest piece. However, 
in sawdust, many of these stolons travel in the mulch and may be pulled 
by hand more efficiently than if there were no mulch. A mulch is worth 
using in many garden areas, but the cost must be justified, in part, by 
other advantages, such as convenience. Mulch materials should be free 
of weed seeds. 

Control by Prevention. One of the little-used but effective methods of 
(:ontrolling many weeds is simply a matter of preventing the seeds or 
stolons getting there in the first place. The underground stolons of quack 
grass are often spread from field to field on cultivation tools and in 
seedling flats. As mentioned above, mulch materials may include seeds of 
weeds not already a problem. Poor-quality crop seed may be a source of 
undesirable weed seeds. The all-too-common practice of letting weeds 
along fence rows go to seed is an excellent method of assuring a con
tinuing high bill for weed control. Manure is a very common means of 
spreading weeds from field to field and farm to farm. In some areas, ir-
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rigation water is responsible. Common sense would seem to dictate keep
ing weed seeds out in every practical manner. 

Killing Weed Seeds. Some weed seeds may be destroyed in place. 
Sterilizing soil with steam or chemicals is a common practice in green
houses, hotbeds, and cold frames. Especially in some Southern areas, 
chemicals are applied to soils to control nematodes and some soil fungi. 
A certain amount of weed control is a side dividend. Greenskeepers com
monly treat composts to kill weeds which might otherwise become trou
blesome on their fine turf. A method using 13 pounds of calcium cyana
mide (CaCN) per cubic yard can be recommended. 

FIG. 8-4. Chemical weed control offers great possibilities. Potatoes at left have been cultivated once only following preemergence application of chemical to quackgrass sod. Grass growth at right indicates weed potential. 

Heat may be applied from giant Durners which use fuel oil and 
literally scorch the earth. This method is used on potato fields in some 
areas to destroy weeds and tops preparatory to harvest. At least, the 
weed seeds of that year are destroyed before being turned under in 
digging operations. Burning along fence rows and stone walls with 
flame guns may be practiced. 

Killing Germinating Weed Seedlings. Some chemicals will kill germi
nating seeds without damage to either dormant seeds or established 
seedlings. They are used for so-called preemergence chemical weed con
trol. These chemicals are especially useful with a perennial crop such as 
asparagus, hut may be used for some fairly deeply planted seed crops as 
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well. The crop is planted, the soil smoothed, and the chemical applied, 
The chemical kills the tiny weed seedlings germinating in the topsoil 
layer, but does not injure the chronologically older crop plant when it 
finally breaks through. Of course, if the surface soil is seriously disturbed 
by cultivation, a new crop of weed seeds will be brought to the surface 
and will germinate unrestrained. Meantime, however, the crop plant has 
secured a head start. These chemicals may be used repeatedly during the 
season. Thus, after each cultivation and weeding, Crag Herbicide # 1 
(now Crag Sesone) may be applied over a strawberry bed to delay the 
next cultivation for weed control. 

Killing Established Weeds. Chemicals or ·fire may be used to kill estab
lished weeds. Flame may be directed against the ground through pro
tective shields which prevent injury to a crop plant. Such treatment is 
most successful when used on high-growing tough-stemmed plants, but 
with sufficient care may be used on low-growing plants also. 

Chemical weed killers may kill all vegetation or, in the concentra
tions used, may be selective. Selective herbicides include both common 
salt, which kills by providing a solution strong enough to withdraw 
moisture from plant leaves or roots and cause injury by plasmolysis, 
and 2,4-D, which brings about a growth-response injury not so easily 
explained. In either case, plants have differential tolerance. Asparagus and 
beets will stand higher salt concentrations than many weeds. Corn and 
grass (both members of the same family) are affected little by the 2,4-D, 
which will cause very definite and abnormal growth responses and prob
ably death to most broad-leaved plants. Increasing the quantity of mate
rial used may be expected t(), eliminate or at least reduce the degree of 
tolerance. 

The cranberry and members of the carrot group (carrot, parsnip, dill, 
etc.) are quite tolerant of oil. Kerosene is commonly sprayed on bogs 
and kills most weeds without serious damage to the cranberry plant. 
Seedling carrots may be sprayed with a moderately aromatic oil (Stod
dard Solvent) or mineral spirits from the time the firs t true leaves ap
pear until carrot roots are the diameter of a pencil, without either vis
ible damage to the top or taste effect upon the root. Almost 100 per cent 
kill of small weeds of many species may be expected. 

Some chemicals are used to kill all vegetation. Ammonium sulfamate 
(Ammate) is a commonly used chemical which is absorbed through the 
leaves and transported to the roots where it prevents normal function
ing and thus kills the whole plant. It is superior to leaf applications of 
salt or oil which only kill the portions contacted and allow resprouting 
from the roots. Repeat applications are then required. 

The field of chemical weed control is an expanding one. Since cli
matic and soil difference may be a factor in response and since new 
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materials are being developed and extensively tried each year, the latest 
local data should be secured. 

ROOT CROPS 

A group of vegetables, usually biennials, are grown primarily for 
the enlarged root. Of these, carrots are of greatest economic impor
tance, but turnips, rutabagas, beets; parsnips, and radishes are widely 
grown both in the home garden and by commercial growers. These 
crops are generally sown where they are to mature. They are relatively 
hardy and do best in the cool part of the season. A deep friable soil 
is preferred for the production of smooth roots. Other less common root 
crops include salsify, horse radish, and celeriac. Sweet potatoes, a true 
root crop, and Irish potatoes, a swollen stem, are considered separately 
later in this chapter. 

Root crops are usually planted in early spring or late summer in the 
North and in winter in the South. Rapid growth is generally required 
for lhe development of quality, and irrigation is therefore frequently 
hendicial, even in humid regions. The edible portion is an enlarged 
taproot. The stem is short and disklike, and leaves are produced in a 
whorl. Several of the specific crops will be discussed briefly. 

Carrot (Daucus carota ). The wild carrot was an annual, but cultivated 
varieties are biennial. Carrots are the most important root crop, being 
used cooked, raw, and in the form of juice. They may be white, yellow, 
orange, red, or purple in calor and are especially prized for the high vita
min A content. The yellow and orange varieties are preferred, and those 
with limited core area are sweetest. 

Carrot seed is slow to germinate and may have low viability. It 
germinates best between 45 and 65°F, and hest-colored roots are de
veloped at between 50 and 60°F. Since it is tolerant of low tempera
ture, carrot may be grown as a succession crop either in the spring or 
fall. 

Soil for carrots should be prepared deeply so that long roots may 
develop. Feeding roots may extend 2 or more feet deep. Very heavy or 
stony soils may cause misshapen roots. The use of fresh manure may 
cause forking of the roots. While carrots do well at a pH between 5.5 
and 6.8, 6.5 is preferred. Carrots are heavy feeders, especially of potas
sium, and rather heavy fertilization pays. On muck land, from 700 to 1,000 
pounds of a 3-10-10 may be used, while at least 1,000 pounds of a 5-10-10 
is desirable on most mineral soils. If well-rotted manure is used, it may 
be necessary to increase, the amount of phosphorus, while redUCing 
nitrogen and potash to secure proper balance. 

The seed is sown in rows spaced 12 to 24 inches apart for Hat 
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A-Chantenay 

B-Nantes half long 

C-Danvers half long 

D-Imperator 

FIG. 8--5. Outline of four commonly grown types of carrots. Obviously. deeper soil 
preparation would be necessary for the long Imperator types than for the. short 
stubby Chantenay. 

culture and 12 to 14 inches apart on rais.ed beds where irrigation is to 
be practiced. Seed should be planted % inch deep. Adequate moisture 
should be available to ensure prompt germination and continued 
growth. Because of relatively slow and weak germination, crusting 
of the soil may prevent the seedlings' from pushing through. Weeds 
frequently get such a head start that considerable damage is done to 
the seedling carrots during hand-weeding operations. Preemergence 
weed control is sometimes practiced. Young carrots are quite tolerant of 
oil sprays. Materials such as Stoddard Solvent may be used to kill 
most weeds without damage to carrots. 

The market trend has been toward long, tapering roots of the lm
perator type as opposed to the shorter, thicker Chantenay. Spacing of 
plants in mineral soils should be from 2 to 4 inches, depending upon 
type. 'While ,.thick planting and hand thinning was once common prac
tice, because of high labor costs, better spacing of seeds is now 
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practiced to reduce the necessary thinning. In muck soils and certain 
alluvial and silt loam soils in Arizona and California, some crowding 
of the roots is possible without the malformation which can be ex
pected in some of the heavier Eastern soils. In rich soils well supplied 
with water, some crowding may be desirable to prevent development 
of roots too large f.or the market. 

Temperature not only influences germination and root color, as in
dicated above, but also influences the shape of the root. Those developed 
at 50 to 60°F tend to be longer and narrower than those developed at 
60 to 70°F. At a temperature of 70 to 80°F, roots may be both short 
and small, quite unsatisfactory for market. The top of the root is fairly 
tender to frost and tends to develop an undesirable green coloring 
( chlorophyll) if exposed to light. For these reasons, a covering of soil 
is desirable, both in summer and when cold can be expected. Cultiva
tion should be shallow to avoid root injury and only enough to control 
weeds. 

Carrots are usually prepared for harvest by loosening the soil with a 
spade, plow, or special U-shaped knife which will cut under the roots. 
The roots are then pulled, washed, and prepared for storage or market. 
While carrots are sometimes put in bunches of four to six with tops 
left on to. indicate freshness, the recent trend has been toward removal 
of the tops and packaging in plastic-bag consumer units. The tops tended 
to dry out the roots and increased shipping costs. Carrots for storage 
are topped, but not ordinarily washed at that time. During the washing 
the roots might be damaged and made more susceptible to disease. 

Market carrots are frequently cooled in ice water and then covered 
with snow ice during shipment to keep them crisp and sweet. Storage 
carrots should be cooled to 32°F as promptly as possible and held at a 
humidity as near 95 per cent as practical. An even temperature is 
important to prevent moisture condensation on the roots and increased 
losses from disease. Storage carrots are normally washed and graded 
before marketing. 

Carrot yields vary according to intensity of culture but may run to 
12,000 bunches, or over 400 bushels, of cut roots per acre. Even higher 
yields have been secured from crops grown for processing on muck 
land. 

Varieties include the popular Imperator types, Chantenay, Danvers 
Half Long, and Nantes. 

The most common pests of the carrot are the carrot rust fly, the larva 
of which attacks the roots in the field, and bacterial soft rot in storage. 

Beet (Beta vulgaris). The common beet is grown less extensively than 
the carrot commercially but is almost universally included in home and 
marKet gardens. The related sugar beet is an important source of sugar, 
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and mangels are grown for stock feed. Better than one-half of the oom
mercial beet crop is used for processing. Since the tops, or leaves, of 
beets wake a desirable green, some entire crops, or at least the thin
nings, are used for this purpose. Because of its relatively short season 
and cold tolerance, beets are frequently used for inter crops or as succes
sion crops. 

The beet is a root crop which may be started successfully in the 
greenhouse or hotbed and transplanted to the field for very early 
harvest. The seed, as sold, is really a fruit formed by the overgrowing 
of the blossom calyxes and contains several true seeds. As a result, 
plants developing in groups or clusters will require thinning. Although 
seed remains viable for from five to six years, it is slow to germinate. 
The plant is normally a biennial, developing a globular root with a 
short disklike stem and a whorl of leaves. A seedstalk normally develops 
the second year from old roots, but may be induced the first year if 
temperatures as low as 40 to 50°F are experienced for a period of from 
15 to 30 days. 

Beets are more sensitive to soil reaction than are carrots and do best 
at a pH of from 6.0 to 6.8. In some soils, up to 500 pounds per acre of 
common salt has been found beneficial. Deep soil preparation is im
portant. Beets may be grown on almost any soil type, including muck. 
Fertilizer recommendations are similar to those made for carrots. Rapid 
growth is especially important since slow growth promotes woodiness. 
Boron deficiency is frequently encountered and results in internal black 
spot or breakdown. Borax, at the rate of 25 to 30 pounds per' acre, 
may be used to correct this difficulty. Plants should stand 2 to 4 inches 
apart in rows spaced 12 to 18 inches apart. Where plants are started 
indoors for transplanting, damping-off is frequently a serious problem 
and both soil sterilization and seed treatment may be desirable. 

Beets may he grown closer together and thinned for marketable greens 
when the larger roots are lh to % inch in diameter. Roots about 
Ilh inches in diameter are pulled and put in bunches of four to six, 
with tops on or off, for sale as bunched heets. For canning, the roots 
are allowed to reach 3 to 4 inches in diameter. Fourteen hundred 
dozen hunches, or 400 bushels, per acre may be secured. 

Croshy's Egyptian and Early Wonder are good early varieties. De
troit Dark Red is widely grown for storage, and Ohio Canner for process
ing. Storage at 32°F and a high relative humidity is possible. 

Leaf miner and leaf spot are common insect and disease pests. 
Parsnip (Pastinaca sativa). The parsnip, while a crop of minor im

portance among the root crops, has both similarities and differences 
worthy of note. A biennial with similar general structure, it is a long
season crop which utilizes the ground throughout the season in the North. 
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The seed is very slow to germinate and has low viability (one to two 
years), and it takes from 130 to 150 days to produce a crop. 

Parsnip seeds are planted in early spring in soil testing between pH 
6.0 and 6.8. The plants are thinned to stand 3 to 5 inches apart in 
rows spaced 15 to 30 inches apart, depending upon fertility, available 
water, and cultural practices. Ideally, a deep sandy soil high in organic 
matter should be used. Deep preparation is especially important since 
the roots are long and the feeding roots go even deeper. Fertilizer 
as for carrots and beets should be applied. Parsnips are related to car
rots, and weed control with an oil spray is possible. 

The stored food in the parsnip is primarily starch which, at a tempera
ture of 34°F or lower, turns to sugar, largely sucrose. The roots will 
withstand winter freezing and may be left in place until desired for use 
or may be dug in late fall and stored in a cool, moist cellar or pit. 
Q~ality is thought to be improved by slight freezing. Since the roots are 
so large and deep-rooting, loosening them for harvest is frequently ac
complished by plowing close beside the row, throwing the furrow away 
from the roots. Tops are cut off, and the roots washed for sale. Con
sumer packs are frequently used in marketing. Hollow Crown and 
Guernsey are common varieties. Pests are not commonly troublesome. 

Turnip (Brassica rapa) and Rutabaga (B. napobrassica). Turnips and 
rutabagas are similar in some respects and are frequently confused. 
Turnips are grown in both the North and South and are used for both 
roots and greens, while rutabagas are grown primarily in the North and 
only for the roots. Both are biennials with relatively large swollen tap
roots, short compressed stems, and leaves forming in a whorl above. They 
differ in that the leaf of turnip is light green, thin, and hairy, while that of 
the rutabaga is bluish, thick, and smooth. Turnips have a taproot only, 
while rutabagas may develop thick secondary roots as well. Turnip may 
be yellow or white (white usually preferred) and develop in from 45 to 70 
days, while yellow rutabagas are usually preferred and require from 90 
to 100 days to mature. 

Turnips and rutabagas do well over a wide range of soil pH (5.0 to 
6.8) and on almost any well-prepared, reasonably fertile soil. They are 
sensitive to boron deficiency, which causes internal browning. In addi
tion to 15 to 25 pounds of borax per acre, a 5-10-10 fertilizer may be 
used at the rate of 700 to 1,200 pounds per acre, depending upon 
fertility level. 

Turnip seed is sown in early spring and late summer in the North 
and during fall and winter in the South. At temperatures below 50°F, 
there is some tendency toward bolting. Roots formed during hot weather 
or slowly, because of lack of water or low fertility, may be bitter and 
sharp. Seed germinates quickly, and seedlings may be thinned to stand 
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2 to 4 inches apart in rows spaced 12 tp 18 inches apart. Where greens 
are d"!sired, thinning may be delayed until tops are of usable size. Other
wise, thinning should be done as early as practical. The roots are 
harvested, usually topped, and washed for market. They are not 
ordinarily stored for long periods, although short storage at 32°F and 
high humidity is possible. Good roots will run from 2 to 3y:! inches in 
diameter. 

Rutabaga seeds are usually planted in June or slightly later, depend
ing upon the time when freezing weather can be expected. The plants 
are thinned to stand 8 to 12 inches apart in rows spaced 24 to 36 inches 
apart. The large roots are pulled just before real freezing weather. The 
tops and secondary roots are removed, and the prepared roots usually 
washed and waxed for market. If intended for storage, the roots should 
be topped only. Final trimming, washing, and waxing are done just 
before marketing. As with turnips, roots became bitter, stringy, or woody 
if developed during hot weather or grown too slowly. 

Good turnip varieties include White Milan for early, Purple Top White 
Globe and Golden Ball for fall, and Shogoin for greens. American Pur
ple Top (Long Island Improved) is widely grown as a rutabaga. 
Macomber, a white rutabaga, is popular in New England and often 
called a "winter turnip." 

Cabbage maggot, aphis, flea beetles, and clubroot are pests of im
portance. 

Radish (Raphanus sativus). The radish, as commonly. -grown, differs 
from other root crops in that it is usually an annual and. while it grows 
hest under cool, moist conditions, may be produced year round where 
severe freezes do not occur. Because of its rapid growth-four to eight 
weeks-six to ten crops per season on the same land is a possibility in 
some areas or in the greenhouse. 

Radish grows over a wide pH range (5.0 to 6.8) and on most soil 
types, provided moisture and fertility are available. A 5-10-10 fertilizer 
at the rate of 1,000 pounds or more per acre may be used. The seed 
germinates well and very rapidly. Because of this rapid germination 
and development, radish seed is frequently planted in the rows with 
slower crops such as carrots and beets to mark the rows and allow for 
early cultivation. The radish crop may be harvested at the time thinning 
of the other crop is necessary. Radish makes an excellent intercrop. 

Seed is planted shallowly, 1 inch apart in rows 6 to 18 inches apart. 
Radishes should be pulled as soon as of proper size, to avoid the develop
ment of a strong flavor and pithy center structure. If left too long, 
flower stalks will develop. The roots are frequently washed with the 
tops on and put in bunches of from 6 to 12. The packaging of topped 
roots in transparent film bags is increasingly common. Chilling with ice 
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will help maintain crispness and quality. Up to 20,000 bunches may be 
produced per acre. 

Common market varieties include Early Scarlet Globe, French Break
fast, and White Icicle. Orientals have grown large storable radishes as 
a principal food item. Varieties such as Chinese White Winter take 
from 60 to 80 days to develop. 

Aphis and cabbage maggot are common insect pests, and black root 
disease is sometimes troublesome. 

BULB CROPS 

A group of the Liliaceae of the genus Allium produce bulbs as an en
largement of leaf tissue above a very short platelike stem, both at least 
partially below ground level. The bulb and, in some cases, the normal 
leaves produced above it are valued both as a vegetable and for relishes 
and seasoning. The onion is the most important member of the group 
and will be discussed in some detail. Others include garlic, leek, shal
lot, Welch onion, and chives. All are relatively hardy. They are 
grown, primarily, during fall and winter in the South and during spring, 
summer, and fall in the North. 

Onion (Allium cepa). The onion is widely grown throughout the 
United States, doing best under cool, moist conditions, especially during 
early growth. Because of its erect growth habit, close planting is common 
and culture is usually very intensive. If soil moisture is not adequatE:, 
secondary roots fail to develop at the base and the yield is reduced. If 
alternate wet and dry periods prevail, the number of split and double 
bulbs increases. Because of a limited root spread, a relatively high fer
tility level and supplementary irrigation even in humid regions usually 
pay dividends. 

Onions are sensitive to soil reaction and on mineral soils do best at a 
pH of between 6.0 and 6.8. On muck soil, a slightly lower soil reaction 
is satisfactory. While most soil types may be used, it is important that 
they be friable and well prepared. Soils low in organic matter may de
velop a crust through which the seedlings cannot push. 

On mineral soils, a 1-1-1 fertilizer ratio such as a 10-10-10 is frequently 
used at the rate of 1,000 pounds per acre. On muck Sl)ils, 1,000 pounds 
of a 1-2-2 or even a 1-2-3 ratio plus 200 to 300 pounds of copper sulfate 
per acre may be preferred. Copper deficiency is common on muck soils 
and results in thin leaf bases, and thus small bulbs and reduced yield. 
Onions are tolerant of sulfuric acid and other chemicals which may be 
used to control weeds. Cultivation should be very shallow to avoid 
root injury. 

Onions may be grown from seed, sets, or seedlings. Sets are simply 
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small onions produced the preceding year by heavy seeding, which 
results in severe crowding. Sets less than Y2 inch in diameter result in 
low yield, while those an inch or larger tend to go to seed prematurely. 
Seedlings are started in the greenhouse in the North or in the field in 
the South for shipment and planting in the North six to ten weeks later. 
Both sets and seedlings result in earlier crops and make possible double 
use of the land. In some Northern sections, their use is essential for a 
good crop every year, since the crop from seed may not mature. 

Onion seed is usually planted during the cool season from ~ to 1 inch 
deep, in rows spaced 12 to 24 inches apart. The plants are thinned to 
stand at 2- to 3-inch intervals. Fflr boiling and pickling onions, spacing 
would be lefs. The time when bulbs begin to develop seems to be 
controlled by length of day, and size of crop is largely determined by 
the amount of top growth occurring early. Thus, in the North, late 
punting seldom results in good crops. Seed germinates at from 45 to 
85°F; 65°F is ideal. Since the crop is hardy, it is one of the earliest 
crops planted. Temperature is also a factor in bul~ formation, with 
heat hastening it, but length of day is the more important controlling 
factor. Varieties differ in response, and thus the same variety may not 
be universally good. 

Onions may be yellow, white, or red, with yellow being favored. Ex
cel, Texas Grana, Crystal Wax, and Yellow Bermuda require at least 
12 hours of daylight for bulb formation; Ebenezer, 13 hours; and 
Sweet Spanish, Yellow Globe, Mountain Danvers, Red Wethersfield, 
Yellow Globe Danvers up to 14 hours or more. In general, the varieties 
requiring shorter day length are mild and good bunch onions but poor 
keepers. They are widely grown during winter months in the South. 
Those requiring longer day length are firmer and more pungent and 
keep well. These are varieties most commonly grown in tl.e North. Seed
stalk development is favored by low temperature (50° to 60°F), regard
less of day length. 

Onions are harvested for immediate use as soon as they are large 
enough. Onions for storage should be fully mature hefore harvest. Matu
rity is gauged by the ripening of leaves at the neck and their falling down. 
Depending upon variety and other conditions, digging starts when from 
25 to 60 per cent of the tops are down. A V-shaped digging device is 
used to loosen the onions grown on a large scale. They are then pulled 
and left in the rows with the tops protecting the hulbs from sunscald. 
They are left to dry for several days, after which the tops are twisted 
off or cut off % inch from the bulb by hand or machine. The bulhs are 
then placed in crates or hags and stored where protection from rain and 
good ventilation are both provided. This curing process may take sev
eral weeks, until the outer skin is dry and brittle. 
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Onions may be stored for six months or more at 32°F in dry storage-
about 60 per cent relative humidity. Those which have thick necks 
should not be stored. Yields of 400 to 500 bushels per acre are reason
able. 

Thrip and onion maggot are common insect pests; and smut, downy 
mildew, and neck rot are troublesome diseases. 

BEANS AND PEAS 

Certain members of the Leguminosae are very important food plapts 
throughout the world. Dried beans and soybeans, important sources of 
protein and oil, are normally classified as field crops. Discussion here 
will be restricted to the snap beans (once called, with reason, string 
beans), Lima beans, and garden peas. Both beans are tender to cold 
and do best at relatively high temperatures, while the pea is frost
tolerant and requires cool, moist weather for best development. Beans, 
during germination, push the large cotyledons through the soil and so 
must not be planted deeply or in compact soil. Peas can be expected 
to develop their sharp narrow growing pOint from greater depths and in 
spite of fairly heavy soil. All three crops are widely grown in home 
gardens and commercially for both the fresh market and, increasingly, 
for processing by both canning and freezing. 

Common Bean (Phaseolus vulgaris). The common snap bean may be 
dwarf or climbing; green, yellow, or mottled in color; flat or round in 
shape; and may bc harvested while quite immature (snap bean), half 
mature (shell beans), or mature (dry beans). Varieties have been 
developed which have a winimum of fibrous tissue in the relatively thick 
side walls of the pods and develop fibers in the sutures slowly. Quality 
is largely determined by freedom from these toughening s~ctures. 

Beans are grown on a wide variety of soil types, including large 
muck areas in the South. Good drainrge and easy working of the soil 
are important. While not especially seljlsitive to soil reaction, lime should 
be used if the soil is more acid than pH 5.5. Beans, as legumes, are 
capable of securing nitrogen from the air and do well on relatively 
poorer soils than could be used for many vegetables. However, for 
maxhnum yields, 700 to 800 pounds of a 5-10-5 fertilizer may be neces
sary. The seedling is quite sensitive to fertilizer burn, and care should 
be exercised in placement. 

Seed is planted 1 to 2 inches deep at 2- to 3-inch intervals in rows 
spaced 24 to 36 inches apart. In some areas, two rows are planted 
close together to provide mutual support. Since seed will not germinate 
well in cold soil, it is customary to wait until after danger o! frost and un
til soil temperatures reach 65°F. Roots develop close to the surface 
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and may, be injured by deep cultivation, but also penetrate in a well
aerated soil as much as 3 to 4 feet. Pole beans, which climb by twisting 
counttirclockwise, may be plapted in hills 1 ~ to 2 feet apart, or 6 to 8 
incites. ~art, in rows spaced 3 to 5 feet apart. They may be trained to 
pole~ 9r' fencelike supports. 

Bean9 germInate promptly and grow rapidly. Dwarf snap beans 
normally have a short cropping season and require only 50 to 55 days 
from seed to harvest. They may be planted frequently for succession 
cropping. Pole beans continue bearing for a longer period, but require 
65 to 75 days ·from seed to first harvest. Extremely hot weather may 
cause blossom fall and short or poorly filled pods. Cultivation is 
usually avoided when foliage is wet, because of the danger of spread
ing disease, especially anthracnose. 

Harvest may be exp'~cted to start about two to three weeks 
after bloom, at a time when pods are from one-third to one-half grown. 
Snap beans are usually picked over two to three times by hand. The 
pods ~hol1ld have only partially developed seeds and should break 
cleanly and easily. Older beans should be left until the seeds are more 
nearly developed, when they may be taken out for use as shell beans. 
For large-scale production and especially for processing, plant breeders 
seek varieties which develop pods uniformly so as to allow for machine 
harvest or at least fewer pickings. For the home garden, this objective 
may not be desirable. 

Beans should be cooled promptly if they are to be shipped to market 
and will withstand storage for a few weeks at 40°F and 90 per cent 
relative humidity. It is important to provide good ventilation to prevent 
heating and to avoid free moisture which might favor the development 
of mold or other disease organisms. 

There are many good varieties, including Plentiful and Bountiful (Rat
podded green), Stringless Black Valentine and Tendergreen (round
podded green), Sure Crop Wax (Rat), and Brittle Wax (round) yellow 
beans, French's Horticultural and Dwarf Horticultural (green shell 
beans), and Stringless Blue Lake aild White-seeded Kentucky Wonder 
(pole beans). 

The bean weevil which attacks in the field is a serious pest in dried 
beans, and the Mexican bean beetle is a m'ljor insect enemy during 
growth. Anthracnose, bacterial blight, rust, and mosaic are troublesome 
diseases. although resistant varieties are becoming available. 

Lima Beans (Phaseolus lunatus). Lima beans are an increasingly im
port,ant processing crop. They are also grown for the fresh market and in 
rnany home gardens. There are both large- and small-seeded varieties 
and those which have either a dwarf bush or ,Pole type of growth. Lima 
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beans are frost-tender also and do best during warm weather. However, 
extreme heat and low humidity may result in a poor set of pods. Late 
varieties require a four-months' frost-free period and warm nights. Early 
varieties will produce first pods in from 85 to 90 days. 

Seed should be sown in well-prepared, deep~ friable soil. Sandy soils 
have the advantage of warming up earlier in the spring and thus reach
ing the germination temperature of 60 to 65°F sooner. While tolerant 
of soil reaction (pH 5.0 to 5.8), some lime should be applied to very 
acid soils. Excessively fertile soils or excessive applications of nitrogen 
may cut yield. A 5-10-5 fertilizer at the rate of 700 to 1,000 pounds per 
acre may give increased yields. Seeds of bush varieties are planted 2 
inches deep and at 4-inch intervals in rows about 30 inches apart. Pole 
types may be planted 6 inches apart or in hills spaced at 3-foot intervals 
in rows spaced 3 to 4 feet apart. 

Lima beans are harvested while the seeds are still green. Since ma
turity is not reached simultaneously in all pods, a limit of 10 per cent 
white, or overmature, beans is usually set. Too-early harvest greatly 
reduces yield. For the fresh market, Lima beans may be sold in the 
pods or, more recently, shelled and in consumer-sized units. Shelled 
beans have a very short shelf life. Two to three pickings may be made. 
Beans may be stored at 32°F and dry to prevent mold for up to two 
weeks. Shelled beans may be expected to last but three to four days at 
40°F. 

Beans for processing are harvested by mowing the fields and carrying 
the vines and beans to viners which thresh, clean, and grade the beans. 
Time from field to freezer may be but a few hours. The Henderson 
and Fordhook varieties are generally preferred. 

Principal pests include the Mexican bean beetle, the bean pod borer, 
and downy mildew. 

Peas (Pisum sativum). Peas are a relatively hardy cool-weather leg
ume, second only -to the tomato in importance as a processing crop. 
Peas differ from beans in that they climb by tendrils rather than by 
twisting. Peas were once almost universally grown by market gardeners 
and home gardeners and in some mixed farming areas as a cash crop. 
The cost of harvest and shelling on a. small scale plus the excellent 
quality of the processed (especially frozen) crop has contributed to the 
less general planting of this crop for fresh market. 

Peas, in spite of being a legume, will do well on a wide variety of soil 
types and at a pH range from 5.5 to 6.8. For an early crop, a well-drained 
sandy soil is preferred. Heavier soils may be expected to be more reten
tive of moisture, which is especially important to yield during the 
period of blossom and pod formation. When grown in rotation with 
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other crops which are heavily fertilized, peas may do well with no 
commercial fertilizer or a minimum application. High phosphorus is 
desirable, however, and an application of from 600 to 800 pounds per 
acre of a 5-10-5 or 5-10-10 fertilizer may pay. Unless peas have been 
grown on the soil before, inoculation with nitrifying bacteria may be ex
pected to increase yields. 

Pea seedlings are sensitive to fertilizer injury, and direct contact 
shOuld be avoided. Seed is planted as early in the spring as the soil 
can be worked in the North and during the fall and early winter in the 
South. Germination proceeds at a Iow temperature, although more 
rapidly at 45°F or higher. Seed is planted in well-prepared soil 1 to 2 
inches deep and at I-inch intervals, in rows spaced 2 to 3 feet apart. 
Dbuble rows only 6 to 8 inches apart may b~ used to give mutual 
support. Rows for the tall pole varieties are spaced farther apart. Seed 
of peas groWn for processing is sometimes broadcast or drilled as with 
grain crops. Cultivation is mnited to that necessary to control weeds. 

Pea seed may be s·mooth or wrinkled. The smooth-seeded varieties 
germinate at a lower temperature, but are not of as high quality. The 
Alaska is the principal smooth-seeded variety. Wrinkled-seeded va
rieties commonly planted include Little Marvel, Laxton's Progress, World's 
Record, Thomas Laxton, Freezonia, and Hundredfold (early), Alderman 
(late pole type), and Mammoth Melting Sugar (edible pod type). Yields 
run from 50 to 150 bushels of pods and up to a ton of shelled peas per 
acre. 

Harvesting garden peas is done by hand. For maximum yield of qual
ity peas, two or even three pickings are necessary. When grown exten
Sively, the vines may be pulled and all peas at the proper stage of 
maturity taken at one time. Processing peas are cut with a mower and 
run through a vining machine, as are Lima beans. For best quality, pods 
should be well filled, but still crisp and bright. Processing quality and 
price are largely determined by size,. with small peas bringing top 
money. Peas lose quality rapidly as they mature and become tough and 
starchy rather than soft and sweet. Determining the optimum time for 
harvest is important, and during wann weather, top quality is main
tained for a relatively few hours only. 

Peas in the pod may be cooled rapidly with water or ice and will 
hold up for from one to over two weeks at 32°F. Processed peas are 
ordillarily canned or frozen within a few hours of harvest. 

Aphis are especially troublesome on peas, particularly in warm 
weather. The pea weevil is sometimes a pest, alld diseases include 
root rot, pea blight, fusarium wilt, and powdery mildew. 



Vegetable Crops 11 

SWEET POTATO 
(Ipomoea batatas) 

205 

Sweet potatoes are widely planted in SOllthern are~s and as far nqrth 

as New Jersey. They are tmportant both for human consumption and for 

stock feed. The plant is a tuberous-rooted ll.~rennial with deep fibrous 

roots, some of which enlarge near the stem to form the edib~e r()ots. Al

though a root crop, it is not usually thought of as similar to ~oot crops 

such as carrots, beets, and turnips and is treated separately. The top of 

the sweet potatp is a fast-growing trailing vine. It is definitely a waJ1ll

season crop and, because of its deep-rooting habit, up to 6 feet, quife 

drought-resistant. A four months frost-free period is necessary for suc

cessfl.II culture, and warm nights as well as days are most favorable 

for growth. 
Sweet potatoes are propagated from slips which develop frpm ~d

ventitious buds on the roots or from vine · cuttings. Disease-free roots 

are placed horizontally in hotbeds from five to ten weeks, depending 

upon temperature control, before the time for safe field planting. Roofed 

FIG. 8-6. Diagram of sweet potato root with rooted shoots developing from it. These 

rooted shoots are pulled loose and used for field planting. 
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slips are usually set in the field two to three weeks after the last expected frost or when average daily temperature is 70°F or higher. The roots are placed close together and covered with a 2-inch layer of sand. The bed should be thoroughly watered, and the temperature raised to BOOF if practical. After shoots start to develop, the temperature may be dropped to 70°F. Several inches of sand is sometimes added at the base of the growing shoots to allow for a greater rooting area. When rooted, slips may be pulled from the mother roots and a second and third crop may develop. Disease control is a major problem in these slip beds and involves, besides selection of clean roots, disinfestation with chemicals. For late crops, stem cuttings ar~ both cheaper and less Ukely to be diseased. 

Light, sandy soils are desirable because they warm up early in the spring, are well drained, and allow for the development of smooth roots. Such soils are likely to be deficient in potassium and hold little reserve moisture. Heavier soils may be used if well drained. The soil is frequently ridged to ensure better drainage and more rapid warming. The soil should not be deeply prepared since this tends to favor long, thin roots. It has been shown that available potassium influences root shape also, a low supply causing the formation of thin, less desirable roots. About 800 pounds per acre of a 5-10-10 fertilizer is frequently applied in bands about 3 inches to the side of the plants. Soil reaction is not usually critical, but lime should be used on very acid soils. If irrigation is . practiced, several light applications are better than one heavy one. This is contrary to usual recommendations and is related 

FIG. 8-7. Protected frames for propagation of sweet potato plants in New Jersey. 
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to type of root development. Keeping the topsoil moist favors thicker 
roots, but high moisture at all levels favors elongation. 

The slips are planted by hand or machine 9 to 12 inches apart in 
3-foot rows. Cultivation is continued for weed control until the spread
ing vines fill in between the rows. While the vines are "tlllwtimes tem
porarily pulled aside to allow for further weeding. tJus is (''(pensive 
and should be avoided by early weed control and the use of rel,(tively 
weed-free land. 

Harvesting for market may proceed whenever roots are large (']lough, 
but for storage only when maturity is evidenced by a yellowing of 
the vines. Temperatures below 50°F will cause some chill damage to 
roots. When practical, harvest should take place before danger of ex
posure to low temperatures. The vines are cut off, and the roots may 
be plowed out or dug by a digger such as is used for the Irish potato. 
It is important to avoid rough handling, which would result in excessive 
loss through disease. If tops are damaged by frost, potatoes should be 
dug at once, regardless of maturity. The roots are graded and placed 
in crates or bins in storage. They should be cured for 10 days to two 
weeks at 85 to 90°F and 85 per cent relative humidity. During curing, 
properly matured roots will develop suberin over wounded areas, lose 
excess moisture, and change some of the starch to sugar. Storage for 
two to six months at 55°F and 85 per cent humidity is possible fol
lowing proper curing. Good ventilation and temperature control are 
important to reduce losses from disease. Picking over the crop while in 
storage, to remove diseased specimens, usually results in increased in
jury and is not advised. 

Sweet potatoes may be dry or moist when cooked. The Yellow Jersey is 
a variety of the dry type, while Puerto Rico and Nancy Hall are moist 
types. Ranger is a variety used for canning. Moist sweet potatoes are 
sometimes erroneously called yams, a ront grown in tropical areas, but 
from an entirely different family. Yields of sweet potatoes may run 
from 100 to 300 bushels per acre. 

Cutworms may attack the young plants, and wireworms infest the 
roots. The root knot nematode is a problem in many areas. Black rot, 
soft rot, and stem rot are diseases of importance. 

Sweet Corn (Zea mays var. rugosa). Sweet corn is widely grown in 
the North as a market garden, home garden, and processing crop. To an 
increasing extent, winter crops are being grown in the South for ship
ment to Northern markets. True sweet corn is called "sugar corn" in the 
South, and field corn harvested at the milk stage is called sweet corn, or 
roasting ears. Corn is tender to frost and, as with field corn, grows more 
rapidly during hot weather. However, the rapid change of sugar to 
starch at maturity and especially after harvest makes it difficult to 
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secure top quality during wann 'veather. Some of the highest-quality 
corn is produced in such Northern states as Maine, New York, and 
Wisconsin, where cool nights occur frequently during the harvest season. 

Corn for early market is grown on light sandy soils, while the late 
and processing crop does better on heavier, more water-retentive silt 
loams. Com is not especially sensitive to soil reaction and does well 
over a wide range. It is a heavy and coarse feeder and may do well on 
good soils with a minimum of commercial fertilizer. A 1-2-2 or 1-3-1 
ratio is usually used in sufficient amount to supply from 20 to as much 
as 100 pounds of nitrogen per acre in sections of California and New 
Jersey. Usually 800 to 1,200 pounds of a 5-10-5 is all that can be justified. 
Occasionally, a side dressiilg of nitrogen when the corn is knee-high 
may be profitable. 

Corn seed may be planted in hills or spaced 6 to 12 inches apart in 
30- to 36-inch rows. Early in the season, seed may be planted Y2 to 1 
inch deep, later up to 2 inches deep. Spacing will be influenced by soil 
fertility, water supply, and the normal growth size of the variety being 
grown. Roots are fibrous and close to the surface. Therefore deep 
cultivation should be avoided. As a member of the grass family, corn 
has considerable tolerance to 2, 4-D, and this material may be used for 
weed control. Dinitro materials are also used, both pre- and post
emergence. 

Seed treatment for disease usually ensures bet~er germination and 
e'lrly growth. The suckers, or secondary stems, which develop near 
the base should not be removed. Instead of strengthening the plant, tLe 
extra labOl is doubly expensive since it may reduce the crop. Lack of 
moisture is evidenced by a typical rolling of the leaves. In time of 
drought, irrigation will pay. Corn is wind-pollinated, and to ensure fully 
developed ears, several short rows are preferable to one long one. 

Most sweet corn grown today is hybrid rather than open-pollinated. 
Therefore saving seed from year to year is not recommended unless 
such old-time varieties as Golden Bantam, Country Gentleman, or 
Stowell's Evergreen are being grown. Widely planted varieties include 
North Star, Span cross, and Seneca Dawn (early); Marcross, Seneca 
Golden, and Carmelcross (midseason); and Golden Cross Bantam, Seneca 
Chief, and Lincoln (late). Golden Cross Bantam is probably the most 
widely planted and the standard for quality. In the South, Aristogold and 
the open-pollinated Honey June are prized because of the tight huskf> 
which discourage attacks by the earworm. 

The total amount of heat greatly influences the rate of growth of 
corn varieties. Succession of harvest may be attempted by planting the 
same variety at regular intervals or by planting several varieties of dif
ferent maturity date at the same time. Neither method ~s entirely satis-
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factory, especially if the weather is unseasonably wann, a condition 
which may result in nearly all the corn maturing at one time. 

Sweet corn is harvested while the kernels are in the milk stage. 
This is detennined by noting fullness of ears and a slight drying of the 
silks. In hot weather, daily h~rvest may be desirable. The ear is re· 
moved with a downward-twisting motion. Ideally, corn should be 
pulled in late afternoon, or be~er, very early morning, for a day's sale. 
It should be kept as cool as possibk until used. About 50 per cent of 
the sugar content may be lost iil 24 hours · at 80°F. Cooling ill ice 
water or packing in ice is desirable. If cooled quickly and held at 32°F 
and 90 per cent relative hQmidity, corn may be shipped from Florida 
to Northern markets and still retai~ its sweetness. Similarly, refrigerated 
corn may be held several days to avoid a market glut during the sum
mer market season in the North. For processing, corn is harvested and 
canned or frozen duriqg tqe same day. Yield of sweet corn may run ffOm 
500 to 1,000 dozen per acre, with the higher figure considered the mini
mum goal in Northern market-garden areas. 

The European corn borer and corn earwonn are major insect pests. 
Corn smut and bacterial wilt, or Stewart's disease, are sometimes trou
blesone. 

SOLANACEOUS FRUITS 

The tomato, pepper, and eggplant are closely related tropical peren
nial plants valued for their fruits. They are frost-sensitive and grow 
best during warm weather. They fail to set fruit, however, at both low 
and at very high temperatures. Tomato plants are prostrate, while the 
other two are upright. All three are sllccessfully transplanted and rela
tively tolerant of soil reaction, fertility level, and soil type. 

Tomato (LycopeTsicon esculentum var. commune). The tomato ranks 
next to the potato and sweet potato in commercial importance and is 
grown year round in some sections of the United States. It is important 
as a fresh vegetable, either raw or cooked, and one of the most important 
canned vegetables in several forms. It is an important source of vitamin 
C. Fruits may be yellow, pink, or red and vary in size, shape, and num
ber per cluster. 

Thc plant produces adveTltitious roots readily along the stem and 
secondary shoots, or suckers, in the axils of side branches. The fibrous 
root system is both wide-spreading and deep. Plants are self-pollinated 
and when grown in the greenhouse must be jarred at least once a day 
to ensure the discharge of ripe pollen which reaches the stigma by 
gravity in the pendulant blossoms. Failure to set fruit because of heat, 
cold, or faulty nutrition is fre(lu ently related to anatomical changes in 
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FIG. 8-8. Field of trellis-type tomato in Portsmouth, Rhode Island. Rows are far 
enough apart for tractor cultivation, and plants are spaced a foot apart. Supports are 
replaced each year and represent large investment. 

growth rather than lack of either a receptive stigma or viable pollen. 
High-nitrogen plants may produce an elongated stigma which protrudes 
outside the blossom, and thus will not be self-pollinated. 

While tomatoes will grow over a wide pH range (5.0 to 6.8), lime is 
advisable on most acid soils. For early crops, a light sandy soil is pre
ferred, while for late and processing crops, a more retentive silt loam may 
be more satisfactory. Organic matter is desirable to improve soil struc
ture and water retention as well as to add some fertility . However, the 
expense of manure may make its extensive use uneconomic. It is impor
tant that the soil be well drained to _ allow for deep rooting and to reduce 
disease development. The fertilizer recommendations for tomatoes vary 
greatly. The need for relatively high phosphorus appears to be the only 
point of agreement. However, even the function of phosphorus in pro
moting maturity is in dispute. A 5~10-5 analysis is frequently used at a 
rate of 1,000 pounds per acre. One-half the fertilizer may be broadcast, 
and the rest applied later in bands beside the plants, especially if heavy 
total applications are made on light soils. Too-heavy applications of ni
trogen may result in excessive vegetative growth and reduced fruit set. 

In the South, seed may be planted in the field and the seedlings 
thinned later. In most sections, plants are started in greenhouses or hot
beds six to eight weeks before time for field planting. The seed may be 
planted thickly in Hats and pricked off 2 by 2 to 4 by 4 inches apart in 
beds or other Hats. A temperature of from 60 to 70°F is desirable for 
plant growth. A slight hardening at 50"F and the use of starter solutions 
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as detailed in the previous chapter can be recommended. Field planting 
takes place after danger of frost. 

Plants may be trained to one to three stems on a trellis or be allowed 
to grow prostrate on the ground. Trellis tomatoes are planted 12 to 18 
inches apart in rows spaced 3 to 5 feet apart. Closer planting results in 
higher yield, provided fertility and moisture levels are also high. Plant
ing distances for prostrate culture vary greatly, depending also on soil 
fertility and the water available. Growth habit of the variety and culti
vation equipment are also involved. High yields of large-growing inde
terminate types result from a spacing which allows about 15 square feet 
per plant. The smaller determinate types require less space. 

The advantages claimed for trellis tomatoes include cleaner and ear
lier fruit, greater freedom from disease, ease of harvest, and more 
intensive use of land. Disadvantages include, besides the cost of trellis 

FIG. 8-9. Close-up of trellised tomatoes showing heavy crop of high-quality fruits. Harvest and spraying are easier, but pruning of suckers necessary. 
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and the labor of pf1.lning and tying, more sunscald and blossom-end 

rot (a physiological di~order), and possibly lower total yields. Trellis 

~omatoes are ~own in the greenhouse and in intensive market-gardening 

areas. By far the bulk of the crop, including the processing crop, is grown 

prostrate. Cultiv~tion should be sqallow to control weeds only. 

Fruit set is ofteI\ a problem. Blossoms may fail to set fruit if tempera

ture is either very low or very high, during both very short and very 

long days and because of nutritional disorqers. Certain hormone sprays 

m~y be used to improve set, especially during cool weather early in the 

s~on. It is imp<>.rtant that the hormone be directed to the blossom clus

ter only, ~ince it will cause leaf injury. 

Tomato fruits co~t!lin two color pigments: lycopin, which is responsi

ble for tqe red color and develops at temperatures between 68 and 85°F, 

lmd carQti~, the yeUow pigment which is not greatly influenced by tem

p,eratures. Yellqw varieties have the carotin pigment without lycopin. 

Red varieties, which develop at either very low or very high tempera

tures, may not have a good red color and, under extreme conditions, may 

be yel~ow. The fruit attains its full size while green, then turns whit

iSq, pink, and finally red, without change in size. Fruits may be har

vested as soon as they begin to turn and will develop color in the ab

sence of light at a rate largely determined by temperature. The removal 

of the fruit from tqe ~ne tends to increase future yield. Very few market 

tomatoes, excep~ ip hpme gardens, are matured on the vine, the earli

ness of harvest depending upon distance of shipment. Vitamin C content 

varies with variety and increases with exposure to sunlight. 

Tomatoes are ripened at from 55 to 72°F, depending on desired 

speed. Ethylene gas will also hasten ripening, but is not extenSively 

used. The fruits are injured by low temperatures, and storage should not 

be at lower than 40°F at 95 per cent relative humidity. Mature speci

mens will hold a few days at 50 to 60°F. To prevent excessive weight 

loss, a relative humidity of 95 per cent should be maintained. 

There are literally scores of good tomato varieties, plus many strains 

selected by both growers and seedsmen. Early tomatoes may be classi

fied as an Earliana type; second early, as similar to Bonnie Best; and 

late, similar to Rutgers. Moscow is a canning variety grown on the West 

Coast. In recent years, Fl hybrid tomatoes have been widely grown and 

frequently excel in early yield. Local recommendations should be fol

lowed. Such factors as earliness, crack resistance, disease resistance, uni

form ripening, and total yield are worth considering. Yields of 10 to 20 

tons per acre are not unusual. 
There are many diseases attacking the tomato, including early and 

late blight, fusarium wilt, verticillium wilt, mosaic, and anthracnose on 

fruit. A spray program is usually advised. Insects include root knot 
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nematodes in the South and in greenhouses; tomato horn worm, tomato 
fruit worm, rust mites in the West; and flea beetles on young plants 
everywhere. Young bearing plants' seem to be more resistant to the 
blight diseases than those which are older and, in a sense, "exhausted" 
from bearing large crops. 

Pepper (Capsicum frutescens ). The pepper is less tolerant of cold but, 
like the tomato, is a perennial grown as an annual for a fruit which is 
a two- to four-celled podlike berry. The vegetable pepper is not related 
to the plant which is a source of the black pepper of commerce, but 
some varieties are widely used in seasoning. There are both mild and 
pungent varieties. The greatest concentration of pungency is in the sutures 
and placenta. 

The pepper is reasonably tolerant of soil reaction (pH 5.5 to 6.8), but 
does better at the higher level. Ught soils are preferred if sufficient 
moisture is available or ,can be provided. From 800 to 1,000 pounds per 
acre of a 5-10-5 or a 5-10-10 fertilizer is frequently used. Shallow cultiva
tiOn to control weeds should be practiced. 

Since a long growing season is required, plants (except perhaps in 
sections of California) are normally started in greenhouses or hotbeds 
8 to 10 weeks before frost-free weather with an outside temperature be
tween 60 and 70°F can be expected. Growth is very slow until very 
warm weather, and there is little advantage in earlier planting. Seed
lings may be grown as described for tomatoes and then set in the field 
18 to 24 inches apart in rows spaced 3 to 3Y2 feet apart. Fruit set 
is also poor at temperatures under 60 and over 90°F if the water supply 
is uneven. Self-pollination is the rule. 

There are several varieties of the large bell-type pepper, including 
Early Giant, Worldbeater, and the thick-walled California Wonder 
types. Perfection, or Pimiento, is canned; Anaheim and Mexican Chili 
are used in making chili powder. Hungarian Paprika is dried and ground 
for paprika, and Long Red Cayenne and Tabasco are pungent hot pep
per yarieties. 

The bell-type peppers are usually harvested and sold when of suitable 
market size while they are still green. There is but a limited demand for 
the mature red specimens. The pimiento (Georgia), paprika and chili 
(California and Arizona), and hot peppers are harvested when com
pletely red. The peppers are picked with an upward twist which leaves 
a piece of stem attached. Yields of 300 to 400 bushels of green peppers 
and 3 to 4 tons of processing peppers per acre are to be expected. Green 
peppers may be stored for from three to four weeks at 40 to 45°F and 95 
per cent relative humidity. 

Pests include aphis, pepper weevil, pepper maggot, and a leaf spot 
disease. 
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Eggplant (Solanum melongena var. esculentum). Eggplant is a minor 

crop, more tender to cold than either tomato or pepper. The upright 

stocky plants produce a purple-black fruit which may be harvested from 

one-third-grown to maturity. 
Eggplant does best on light soils rich in organic matter. It is quite tol

erant of soil reaction (pH 5.0 to 6.8), but lime should be used on very 

acid soils. From f:OO to 2,000 pounds of a 5-10-10 garden fertilizer is used, 

depending on natural soil fertility. Continuous rapid growth is important 

to good sets and high quality. 

, Plants are started in the greenhouse, as are peppers, and transplanted 

to the field after all danger of frost. They may be spaced 2 to 3 feet 

apart in rows spaced 3 to 4 feet apart. Clean cultivation to control 

weeds is necessary. 
Black Beauty, Early Long Purple, New York Improved, and New 

Hampshire Hybrid are good varieties. The New Hampshire Hybrid has 

been developed to provide a good variety with a short-enough growth 

period to mature in the North. Fruits are harvested when of proper size 

for the market or as needed. They keep well over' a long period on the 

plants. They are cut with a piece of the hard stem and the calyx at

tached. Storage is not generally prOVided, but eggplant will stand up 

well if protected from water loss by high humidity or protective waxes. 

Yields of 300 to 400 bushels per acre may be expected. 

Pests include red spider, aphis, flea beetle, and potato beetle, plus 

eggplant wilt, bacterial wilt, and a phomopsis (vexans) which may at

tack stem, fruit, and leaf. 

VINE CROPS 

Several frost-tender prostrate annual vines are Widely grown for their 

fruit. While classified and grown as vegetables, two of them (water

melon and muskmelon, or cantaloupe) compete in the market with fruits 

rather than with other vegetables. The seeds of these crops will not ger

minate in cold soil, and the plants develop rapidly only during warm 

weather. They are characterized by separate male (more numerous) and 

female flowers on the same vine. Some muskmelons and watermelons 

may produce some perfect flowers also. All these crops have root systems 

which suberize rapidly and therefore are transplanted with difficulty. 

Early-started plants are grown in pots or bands from which they may 

be transplanted without injury to the roothairs. 

Cucumber (Cuc:umis sativus). The cucumber is the most widely grown 

of the vine crops, being produced in the South during the winter and 

spring for shipment to Northern markets and in most home gardens 
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throughout the country. A sizable greenhouse forcing industry also 
exists. Cucumbers are grown for slicing and pickles. 

The cucumber will grow over a wide pH range (5.5 to 6.8), and lim
ing is seldom important. The plant is deep-rooted and under favorable 
conditions will grow rapidly and develop marketable fruits in from 60 to 
70 days. Early crops are produced on light, sandy soils, but a heavier, 
more water-retentive soil is favored for maximum yields and a long har
vest season. However, the plants are not tolerant of standing water, and 
good drainage is very important. Succession planting is advisable for the 
maximum-length productive season. 

When available, barnyard manure may be used to advantage. Appli
cation should be made at the location of the hills only in order to get 
maximum response from a small amount. Fertilizer recommendations 
vary greatly and in accordance with natural soil fertility. Sandy soils may 
be treated with a 1-2-2 analysis, while silts may receive a 1-2-1. About 
1,000 pounds per acre of a 5-10-10 or a 5-10-5 is suggested as a general 
application, which can be adjusted to fit both soil type and fertility and 
crop response. 

The bulk of the cucumber crop is planted in the field after all danger 
of frost and when soil temperature is high. Paper hot caps may be used 
to advance the time when planting is possible and to give the young 
plants some early protection from wind as well as cold. To a limited ex
tent, pi ants may be started in greenhouses or hotbeds . in pots or bands. 
They should be set in the field while still small enough to have suffered 
no slowing of growth caused by root restriction and with care to prevent 
root breakage. Two to three plants are allowed to grow in hills spaced ' 
from 4 to 6 feet apart in rows spaced at the same distance. Seed may be 
drilled in rows and thinned to stand 18 to 24 inches apart. 

Cultivation should be shallow and frequent until the vines interfere. 
Weed control is important, since a continuous and large supply of water 
is important to the rapid growth necessary for both quality and quantity 
of crop. 

Cucumbers are harvested when they have reached the desired size for 
market, which may be long before they reach maximum size and long 
before maturity. During warm weather, this may necessitate daily har
vest of the pickling varieties. All fruits which are injured or misshapen 
should be removed promptly, since the production of seed in them is ex
hausting to the plant and limits future fruit set. Slicing cucumbers may 
be from 6 to 10 inches long, and pickle cucumbers from 2% to 6 inches 
long at harvest. Usually the smaller specimens bring a higher price. In 
harvesting, a small bit of stem is left attached. Slicing cucumbers are 
prepared for market by grading, washing, and, in some caSes, waxing to 
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reduce water loss. Storage for . a few days at 45 to 50°F and at 95 per 
cent relative humidity is possible. Lower temperatures for long periods 
result in reduced quality. Pickling cucumbers ate placed in brine almost 
immediately after harvest. 

There are several varieties, and new 6rtes are being developed, espe
cially for disease resistance. Straight Eight, A &: C, and Marketer are 
good slicing cucumbers, and Nationai PiCkling is frequently grown lor 
pickles. Gherkins are not a true cucumber hut are sometimes grown for 
picldes; Yields of cucumbers vary greatly; depending on soil and cul
tural practices, and especiaJly upon the siZe of fruit harvested. B'ecause 
of price differentials according to size, the smaller yield may return as 
much money. Yields ranging from 200 to 600 ~ushels per acre can be 
expected. 

Cucumbers are subject to attack by a iarge number of insect and dis
ease pests, most of which also attack the other VirYe crops. Ba'cterial wilt, 
anthracnose, downy milde~, angular leaf spot, and lnosaic are common 
diseases, Aphis, dle striped and the twelve-spotteJ cucumber beetles, 
squash bug, squash-vine borer, squash lady beetle, and pickle-worm are 
insect pests which must be conti·olIed. 

Muskmelon (Cucumis nrelo var. reticulatus); The muskmelon, more 
commonly called cantaloupe in the Southwest, is an important crop, both 
in home gardens and truck gardens throughout the country. Large-scale 
commercial production is more limited, however, than with cucumbers, 
because of a greater heat requirement and the need for maximum sun
light and low atmospheric humidity to secure hi'gh quality and to avoid 
disease. A large acreage is grown under irrigation in the SouthWest and 
California. Our discussion of the muskmelon does not include melons 
such as the Casaba and Honey Dew, grown primarily in California. 

, FrG. 8-10. Muskmelon fruits ~howing differen<.'C in ' nlaturity, as indicated by separa
tion of stem. :\felon at left is at full slip (~atllre) and shows no tearing. Melon at 
right is ,\t 1.0 slip (immature), and entire stem was hrokeJ) off. 
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As indicated above, the muskmelon requires mere sunlight and heat 

than the cucumber, and both day and night temperatures are impor

tant. Melons maturing during cold or cloudy weather do not develop 

sufficient sugar to have good quality. Sandy soils are favored for both 

early and quality crops. A temperature of 60°F or better is necessary for 

seed germination. The plants are deep-rooted and will not tolerate poor 

drainage conditions. As with cucumbers, they may be started in the field 

and favored by hot caps or in the greenhouse with the usual precautions 

about root damage during transplanting. 

Manure in the hills will favor good growth. From 1,000 to 1,500 

pounds of a 5-10-10 fertilizer is commonly used. It is important to main

tain a high level of P20 5 and K20. Plants are spaced at 2- to 5-feet inter

vals in rows spaced from 5 to 6 feet apart. Cultivation should be shallow. 

Melons are harvested at a given stage of maturity, depending upon 

distance from market. In the home garden, they should be allowed to 

mature in the field for maximum quality. As the melon matures, the net

ting becomes more pronounced, the green color may turn to yellow, and 

a crack develops around the stem at its point of attachment. When com

pletely encircling the stem so that the scar is clean when the melon is 

removed, it is referred to as full slip. Thus, full slip, half slip, and no slip 

are terms which are readily applied as an index of maturity and proper 

stage for harvest. If harvested too soon, full quality will never develop. 

If harvested too late, the fruit will not stand shipment and must be used 

at once. 
Melons may be stored for a week or two at 32 to 34°F, but prolonged 

low-temperature storage may result in breakdown. A temperature of 40 

to 50°F is usually recommended. 

Hale's Best types are the principal shipping varieties. Bender's Sur

prise, Honey Rock, Emerald Gem, Hearts of Gold, and · Iroquois are 

commonly grown in the East, and Crenshaw in the West. Yields of 150 

bushels or crates per acre can be expected. 

Fusarium wilt and melon worm may be added to the pest list given 

for cucumbers. . 

Watermelon (CitruUus' vulgaris). Watermelons require a long hot 

season for development and are not grown commercially as far north as 

are muskmelons. However, low atmospheric humidity is not as much a 

factor, and large crops are produced in humid areas. 

The watermelon does well on an acid soil and has a satisfactory pH 

range of 5.0 to 6.5. Well-drained sandy soils are preferred. Manure may 

be used in the hills, but satisfactory crops are secured from applications 

of 800 to 1,000 pounds per acre of a 5-10-5 or 5-10-10 commercial ferti

lizer. A side dreSSing of 25 pounds of nitrogen just as the vines begin to 

run may be desirable, especially on the less retentive soils. 
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Seed is usually planted in the field in hills spaced at intervals of 6 to 
lO feet in rows spaced 8 to 10 feet apart. Hot caps may be used, and in 
the North, plants are often started early in pots in the greenhouse to en
sure the fruits' ripening. The plants are deep-rooted, and shallow cuI&
vation is practiced to control weeds. 

FIG. 8-1l. The Rhode Island Red watermelon developed for early maturity, hardrind, and high-quality red flesh. 

The crop is harvested when mature, a condition difficult to determine 
with certainty. The white base, or ground spot, of the melons starts to 
turn yellow, tendrils dry, and the fruits, when struck, give a dull thud
like sound as maturity is reached. Experience will determine the tone 
which indicates the proper stage for harvest. Care must be used in har
vesting to avoid splitting or cracking the rind, which will allo_w rot to be
come established and the flesh to sour. Breeders are seeking thin, tough
rinded varieties and those which require a shorter season and less heat 
for growth. Storage for several weeks is possible at 32°F. 

Tom Watson, Chai'leston Gray, Congo, and Dixie Queen are shipping 
varieties. Honey Cream and Fordhook Early are good home-garden va
rieties. Rhode Island Red and New Hampshire Midget have been devel
oped in the states indicated by the names, for growing in the more 
northern areas. 

Fusarium wilt, root-knot nematode, anthracnose, stem-end rot, and 
ground rot are diseases which may require control. 
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Squash and Pumpkin (Cucurbita). The botanical classification and 

common names of the several types of squash and pumpkin are quite 

confused. One thing is certain: many of the vegetables commonly called 

squash are really pumpkins. Two species of pumpkin, C. pepo and C. 

moschata, include, besides the commonly recognized field · pumpkins 

used for jack-a'-lanterns, pies, and stock feed, the so-called summer 

squash and such popular "winter squash" as Table Queen and Butter

nut. C. maxima includes the Hubbards. Perhaps a listing of common 

varieties in each group will be useful. 

C. pepo includes White Bush Scallop, Early Yellow Bush Scallop, Yel

low Straightneck, Cocozelle, Zucchini, Table Queen (Des Moines), Con

necticut Field, and New England Pie, of which only the last two are 

normally called pumpkins, as all should be. The group commonly known 

as summer squash may be designated as C. pepo var. Melopepo. 

C. moschata includes Mammoth Golden Cushaw, Striped Cushaw, 

Large Cheese, and the increasingly popular Butternut. 

C. maxima, or true squash, includes Blue Hubbard, Green Hubbard, 

Golden Hubbard, Delicious, Turban, Boston Marrow, and Buttercup. 

C. pepo has a hard stem, or peduncle, with a point of attachment not 

much larger. C. moschata has a hard stem with a greatly enlarged base 

at the point of attachment. C. maxima has a soft stem which is actually 

somewhat smaller at the point of attachment. 

Squash and pumpkin grow on a wide variety of soils and over a wide 

C. maxima 
C. pe po 

c. moschata 

FIG. 8-12. St~m attachme·nt· of · three common specie~ of squaSh. (Courtesy J. E. 

Knott, "Vegetable Growing," 5th ed., Lea & FelJiger.) 
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pH range (5.0 to 6.8). There are both bush and trailing-vine types, and 
they may be grown in full sunlight and intercropped with corn (espe
cially the winter pumpkin and squash). They are frost-tender and are 
planted and handled as are the other vine crops. Large acreages for win
ter storage are successfully grown in the Northern states. Summer pump
kins (usually called squash) are grown in most areas. Sandy soils are 
preferred for the early crop, but heavier soils for the winter-storage va
rieties. Fertilizer requirements are not high, but better growth may be ex" 
peeted when manure is placed in the hills and from the use of 700 to 
1,000 pounds of a 5-10-5 or 5-10-10 fertilizer. When squash follows heav
ily fertilized crops in a rotation, less fertilizer may be used. However, 
when forcing the summer pumpkins with irrigation, more fertilizer may 
pay. 

Except for especially early crops in Northern areas, field planting is 
usually practiced. The bush types may be planted at 3- to 5-foot inter
vals in rows spaced 5 feet apart. Vine types may be planted at 3- to 4-
foot intervals in rows spaced 8 to 10 feet apart. More seed than neces
sary is usually used, and the plants are thinned to two to three in a hill. 
Cultivation should be shallow and only enough to control weeds. 

Summer pumpkins (Yellow Straightneck, Cocozelle, Zucchini, etc.) 
are harvested while quite immature and before the rind toughens, the 
exact size depending upon current market demand. Since during hot 
weather growth is very rapid, frequent harvest is necessary. Winter 
pumpkins and squash are harvested when mature and, for storage, 

FEMALE MALE 

FIG. 8-13. 'FI~wers on cucurbits are separate on the same plant (monoecious). M~ny 
more male flowers are produced. Diagrams (longitudinal section) show development 
of both before flowers open. Small s(jtulsh may attain -considerable size before polliniza--
,tion. - , __ 
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should be cured for two weeks at 75 to 85°F to heal wounds and reduce 
the danger of rot. Later storage should be at 50 to 55°F and 50 to 70 per 
cent relative humidity. Squash held at lower temperatures and higher 
humidity are almost certain to rot. There is some evidence that removal 
of the stem reduces rot, and careful handling to avoid bruises is essential. 
Good ventilation is important also. 

Yields of winter pumpkins and squash may easily run to 10 to 20 tons 
per acre. Yields of summer pumpkins vary widely, depending on inten
sity of culture and size when harvested. 

The pests mentioned in connection with other vine crops may be trou
blesome. 

POTATO (Solanum tuberosum) 

The white, or Irish, potato is the most important vegetable crop grown 
in the United States. It is valued for the tubers which are anatomically 
underground stems. The early crop is planted progressively from Florida 
and California north from late fall or early winter on. The late-storage 
crop is grown in Northern states such as Maine, New York, Pennsylvania, 
Michigan, Minnesota, Idaho, etc. Potatoes, although related to the warm
weather tomato and pepper, will withstand light freezes and do best 
under cooler growing conditions. 

FIG. 8-14. (a) Table-stock potatoes may develop 
Sprollts in storage which detract from sales vahlt'. 
(b) Treatment with certain chemicals lllay inhihit 
sprout development. 

Early potatoes may be grown on sandy soils, but the bulk of the crop 
comes from heavier silt loams ideally well supplied with fertility, mois
ture, and organic matter. r-,-1 uck soils are also used. A soil reaction of pH 
5.0 to 5.5 is quite satisfactory, and liming may lead to difficulty with a 
disease, namely, scab. Fertilizer applications range from 1,000 to 3,000 
pounds of a complete fertilizer high in phosphorus. In many sections, 
magnesium deficiency appears in potato fields and a fertilizer contain
ing this element is used, a 10-10-10-2 ratio being common. Land prepa-
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ration should be thorough and deep to provide a friable soil for the de
velopment of the tubers. Fertilizer may be broadcast, or better, applied 
in bands several inches away from seed pieces to avoid injury. 

Potatoes are propagated vegetatively by planting small, whole tubers 
or 1 % - to 2-ounce pieces containing at least one bud (eye). True seed 
is seldom produced and would not come true. Northern-grown "seed" is 
usually used because it is normally free of virus diseases. Seed pieces 
are planted 3 to 4 inches deep at 10- to I5-inch intervals in rows spaced 
30 to 36 inches apart. They may be prepared a few days before plant
ing to allow for suberization of the cut surface. Chemical treatments for 
disease control are frequently given. Planting is usually done by ma
chine and just as early as the soil can be prepared. Tuber formation is 
favored by relatively low temperature and short days and occurs about 
the time buds form in the top, or 3 to 4 weeks after the. stems appear 
above the surface. The maturing of the tubers is favored by the short 
days of late summer. 

Potatoes are cultivated to control weeds and permit good aeration. 
The plants are shallow-rooted, and deep cultivation should be avoided. 
Slight mounding of the soil over the rows is sometimes practiced to keep 

. the tubers from being exposed to light, which will result in greening 
caused by the formation of chlorophyll. Irrigation is used to an increas
ing extent in many sections. 

Early potatoes may be harvested before maturity when the skin may 
Hake off readily. Potatoes for storage should be allowed to mature and 

FIG. 8-15. Harvesting potatoes is more and more mechanized. In this operation, 
mechanically dug potatoes pass over a belt for rough grading before passing into 
barr~ls for transport to storage. In larger operation$, potatoes may go directly to 
dump trucks which are driven beside double-row digger. 
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develop a thick skin and a layer of suberin to reduce moisture loss. Tops 
die down as the tubers mature. Maturity may be hastened by killing the 
tops with chemicals. Commercial harvest is accomplished by mechanical 
diggers which dig one or more rows at a time and may deliver the crop 
direct to trucks driven alongside. Storage is in well-insulated and venti
lated storage houses where, after a preliminary curing period, the tem
perature may be held at about 40°F. Lower temperature will result in 
starch in the tubers being changed to sugar. The reaction is a reversible 
one, and so tubers which become sweet from chilling should be held at 
40 to 50°F for about two weeks before marketing. 

Potato varieties include the older Early Cobbler and Green Mountain 
and the newer and increasingly planted Chippewa and Katahdin. Many 
others are on trial. Breeders seek especially disease resistance, a smooth 
surface, which allows for minimum waste during mechanical peeling, 
and capacity yields. Yields of 300 to 500 bushels per acre are not un
common. 

Both early and late blight are major fungus diseases. Fusarium wilt, 
ring rot, scab, rhizoctonia, and virus diseases such as leaf roll and mosaic 
may be troublesome. Aphis, wireworms, leaf hoppers, and Colorado po
tato beetles are insect pests. A complete spray program is usually re
quired. 

QUESTIONS 

1. What types of irrigation are in use in your area? Why? 
2. What is meant by subirrigation? Where is it useful? 
3. How would you define a weed? 
4. When should cultivation for weed control begin? Why? 
5. How may weed seeds be killed? 
6. What is meant by preemergence chemical weed control? 
7. What special soil reqUirements are desirable for the production of carrots? 
B. Why is rapid growth of root crops important? 
9. What happens to parsnips when they are frozen? 

10. Distinguish between a turnip and a rutabaga. 
11. What is an onion set? What soil reaction is necessary for good onion pro-

duction? . 
12. To what botanical family do beans belong and what cultural significance 

does this fact have? 
13. How are Lima beans harvested for processing? 
14. At what season of the year are peas grown in your area? Why? 
15. \Vhat influence does nutrition have on sweet-potato shape and quality? 
16. How is sweet corn pollinated and what influence does this fact have on 

cultural practices? 
17. Under normal weather conditions, how may continuous harvest of sweet 

corn be achieved? 
lB. What is meant by determinate and indeterminate in reference to tomato 

types? 
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19. When are tomatoes harvested for long shipment? What characteristics of 
this fruit make this timing practical? 

20. What types of peppers are grown in the United States and for what pur
poses? 

21. How is harvesttime determined for cucumber? How are most market cu
cumbers treated before shipment? 

22. What is the Significance of the term half slip in muskmelon culture? 
23. What are the differences between squash and pumpkins? Give varieties of 

each, properly classified. 
24. How are potatoes propagated? Why not by seed? 
25. What storage conditions are recommended for potatoes? Why is chilling 

avoided? 
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CHAPTER 9 

Outdoor Floriculture 

Floriculture most closely fits the original limited definition of horticul
ture: a garden within walls. The emphasis is on beauty rather than util
ity. Beauty of arrangement within a pleasing over-all design may be 
fully as important as is the perfection of the individual plant or bloom. 
Floriculture is a major commercial industry both outdoors and under 
glass. While most amateurs are interested in outdoor gardening, an in
creasing number of home owners are erecting small greenhouses. We 
shall treat outdoor gardens in this chapter and the growing of ornamen
tals indoors in the next. In some cases, information applies equally to 
both and must be arbitrarily treated in one or the other. 

OUTDOOR GARDENS 

As stated above, successful outdoor gardening may deal with design 
as well as with plants. The arrangement of the various gardens within 
an area with due regard to function and the lawns, trees, and shrubs 
which go to complete the design is called landscape gardening and will 
be treated in some detail in Chapter 14. The treatment here will be re
stricted to the smaller garden unit. General considerations will be taken 
up first. A discussion of some of the more commonly grown plant mate
rials and their special requirements will follow. 

Types of Plants. As pointed out earlier (Chapter 2), plants may be 
annual, biennial, or perennial in habit. The annuals are those which go 
from seed to seed in one season and have the advantage, therefore, of 
making a sizable show in a short time. Because the plants start from 
seed and thus have a relatively small reserve of food, they are usually 
of little value for early-spr;ng bloom unless started ahead in the green
house and transplanted after considerable size has been attained. An
nuals may be used to fill)n bare areas while one waits for perennials to 
attain greater size and to plant in beds after spring-flowering bulbs. They 
are widely used for cut flowers in the home as well as for garden display. 

225 
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Biennials are less generally grown in the garden. These plants must be 
started one year, during which they make only vegetative growth. They 
flower the second season and then die. Since biennials may store consid
erable reserve food during the first year, early-spring bloom the second 
year is quite possible. They are especially valued for their showy flow
ers. 

Perennials, as the name implies, are those plants which, once estab
lished, grow on in place for many years. They should ordinarily consti
tute a major part of the plantings in the garden. Food may be stored 
the previous season, and early bloom is a possibility. Some garden per
ennials, such as hybrid tea roses, may increase in size somewhat, but do 
not make new plants and spread, while others, such as tbe iris and day 
lily, may increase to the point that crowding reduces quality of bloom 
and dividing and replanting must be done. 

Succession Bloom. Time of bloom is an important consideration in the 
planning of the flower garden. A garden with a display from early spring 
until late fall is usually preferred. This is not necessarily required for 
every area, and the major show may shift from bed to bed. Thus an 
early display of bulbs may be followed by less spectacular ageratum, 
forget-me-not, and annual baby's-breath at a time when the rose garden 
is at its best . 

. While a mass of bloom in one place is often desirable, a more restful 
and casual treatment involves a smaller number of blooms in succession, 
distributed throughout the bed. If the garden area is limited, this 
second treatment is ordinarily preferred. Gardens at summer homes 
should be planted for maximum color during the period of occupancy. 
The gardens at winter residences, on the other hand, should be planted 
so as to prOvide both early- and l~te-season bloom. There would be little 
advantage in growing flowers which bloom for the most part when no 
one is at home to enjoy them. Knowledge of blooming time is therefore 
essential to skillful planning. 

Arrangement. Growth characteristics other than time of bloom are 
important also. These include height, type of br'lnching, speed of multi
plication or lateral expansion, color and texture of flowers and foliage, 
as well as size of bloom, susceptibility to pests, etc. Obviously, tall
growing plants should not be planted in front of short ones. Plants with 
large, coarse leaves are not attractive if mixed in with plants having 
fine foliage. Tall plants should be in the center of beds seen from two 
sides and at the rear of those viewed from one side. One common error 
in laying out perennial flower beds is to plant iris, day lily, and peony too 
close together. As they increase in size, and crowd, quality and quantity 
of bloom are reduced. The coarse and large-growing hollyhock would 
seem out of place next to the graceful gypsophila, or baby's-breath. 
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Similarly, attention should be given to color, so that desirable combina

tions are secured and clashes avoided. 

Light and Competition. Some flowers require full sunlight for good 

development, while others do well if light is less intense. Tuberous 

begonias, bleeding hearts, and azaleas may be planted where some 

shade is unavoidable and may even do better there. Roses, peonies, and 

dahlias require considerably more sun for best growth. Attention should 

be given to other factors, such as competition from tree roots. Roses can 

be expected to do poorly under competition. Since, in soil preparation, 

offending roots may be removed and the soil enriched each year, annuals 

may be better than most perennials for planting under such adverse 

conditions. 
Soil Preparation. Meeting special soil requirements is more practical 

in the home flower garden than in field culture. The area is relatively 

small, and thus the expense is not prohibitive. The placing of drainage 

tiles below beds for the removal of excess moisture or, in some cases, to 

provide subirrigation becomes practical. If used for drainage, a place for 

disposal must be available. The use of large amounts of manure or com

post is common practice. Based on soil tests, the addition of the maxi

mum desirable amounts of lime and fertilizer should be standard prac

tice. The relatively expensive bone meal is frequently and freely used 

as a source of phosphorus and slowly available nitrogen. Deep and thor

ough preparation is especially important where perennials are to be 

planted, since improvements are difficult to make later. 

For growing flowering plants, it is important that the soil be well 

drained and yet water-retentive. Sand may be worked into heavy soils, 

and organic matter into all types. A balanced fertility at a relatively 

high level is desirable. However, an oversupply of nitrogen which would 
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FIG. 9-1. Douhle di~gin~ of perennial heds permits incorporation of manure or 

compost, lime, and fertilizer in the suhsoil area and favors aeep rooting. Soil from 

( 1) is moved to (13); soil in (2) is enriched and covered with soil in (3); (4) is 

then enriehed and covered with (.'5); etc. until (13) is finally used to cover (12). 

Entire top layer is then enriehed, and planting proceeds. 
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induce excessive vegetative growth should be avoided. In generai, bet
ter flower production may be expected if the nitrogen supply is slightly 
limited, especially after the first early-spring growth. Since frequently 
a bed will contain plants in various stages of growth, the optimum nitro
gen Iev-cl for each is difficult to achieve. 

Starting the Garden. Once the soil is properly prepared, seeds may be 
sown or plants set in place. Ideally, a time interval of a week or more 
should separate the addition of any considerable amounts of fertilizer 
and the actual planting. This allows initial reactions within the soil to 
take place, and there is less danger of burning from high concentrations. 
A time interval also allows for the germination of some weed seeds and 
their elimination before planting the flowers. 

The soil surface should be smoothed with a rake, and rows may be in
dicated by strings or markers of some sort. After planting, the soil 
should be firmed to ensure movement of water from lower levels by cap
illarity to support germination. Transplants should be watered, both to 
assure moisture and to settle the soil about the roots. For summer plant
ing of seed or at any time when the soil is dry, a thorough watering 
should be given prior to planting. In addition, some protection from dry
ing out of seeds may be secured by temporary coverings of boards or 
paper. A light mulch, also, may be satisfactory. 

Once the garden plants start to grow, weed control, pinching of some 
plants to induce side branching, watering, and pest control are impor
tant. On soils which tend to pack, shallow cultivation may be desirable. 
The use of mulch materials such as buckwheat hulls, peat moss, shav
ings, sawdust, pine needles, etc., can be recommended as a means of 
conserving moisture, promoting soil af~ration, controlling weeds, keeping 
the soil cooler in hot climates, etc. As Ldicated earlier in the chapter on 
soils, the use of mulches may create certain problems as to nitrogen 
level. However, the use of extra nitrogen is an easy means of correcting 
any deficiency. As blooms pass their prime, removal is desirable, both to 
improve the general appearance of the garden and to eliminate seed 
formation, a process which may greatly reduce the number of future 
blooms. 

Winter Care. Garden beds used for annuals should be protected from 
erosion, and the soil may be improved each year by the growth of a 
green-manure cover crop such as rye. If manure or compost is to be 
added, it may be spaded under in the fall. It will become better ~nte
grated with the soil than would be possible if turned under just prior 
to spring planting. The use of cover crops is not practical in perennial 
beds, but applications of well-rotted manure or compost may be made to 
function first as a mulch and then to be worked into the topsoil in 
early spring. 
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If rodents are a problem, control by poisons may be recommended. 
Mice frequently cause serious loss with bulbs. Placing a wire netting 
over the beds may be helpful. It is important to assure good surface 
drainage from perennial beds. If the ground level is below that of sur
rounding turf, shallow ditches to a lower level must be provided. 
Standing water and ice will kill many plants. Mounds of soil about the 
base of plants such as roses will both ensure drainage and protect from 
extreme cold. 

Alternate freezing and thawing of the soil may result in sufficient 
heaving of plants to break roots or expose them so that death results 
from freezing. This type of injury is most serious on heavy soils and with 
shallow-rooted plants. A mulch may be effective in limiting this heaving 
action. The protective mulch prevents both early freezing and thawing 
of the soil during every short warm period .. It should be emphasized that 
the mulch influences the degree of cold reached in the soil during pro
longed cold periods very little. The mulch has no heat in itself and sim
ply slows up the rate of change. Under a mulch, the temperature more 
nearly equals the average for the period. 

Mulches also reduce the danger of erosion and help to hold moisture. 
Some measure of weed control is possible also. The character of the 
mulch material is important. As a covering for perennials, it is important 
that the mulch allow air penetration and not hold too much moisture so 
that a solid mass of ice, may be formed. Thus oak leaves which tend to 
hold their irregular shape may be safely used, while the softer maple 
leaves may mat and exclude air to the point that plants suffocate. Glass 
wool, sawdust, and marsh hay are relatively safe materials. Strawy 
manure may be used, but fresh manure with little straw is seldom safe to 
use. Pine boughs are valuable protection with or without some finer ma
terial beneath. In using mulch materials, it is important that they be 
free of weed seeds which would create later problems. 

For roses especially, wind protection is also desirable and may be se
cured by a snow fence, straw tied about the plants, or inverted boxes or 
baskets. IV(uch winter injury is simply a drying out, or desiccation, of the 
tissue. 

Special Gardens. Flower beds are usually located along walls, fences, 
or house foundations where they do not interfere with the full sweep of 
lawn areas. Some special gardens may be laid out in a forrnal manner, 
and thus they become the principal feature. Such formal gardens may 
be more difficult to develop and maintain · because the "picture" must 
be equally attractive from all sides and the mowing of grass and the 
edging of the beds involve increased labor. 

\Vindow-box and tub gardening offer many possibilities. These con
tainers may be in a fixed location (window hoxes on a house) or may be 
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portable. In the latter case, the problem of succession bloom is easily 
handled. Two or more duplicate containers are provided for each loca
tion and are moved in and out of position when either in full bloom or 
out f'f bloom, as the case may be. Thus the garden-flower effect may be 
changed, as are cut flowers in the home. When not in "show" position, 
the plants may be grown in a utility area of the garden. Such gardening 
is particularly useful on terraces and other outdoor living-room areas. 

FIG. 9-2. Model of "self-watering" window box is shown. Actually, one must be sure 
that water reservoir in base is kept filled, and an occasional watering from the top is 
desirable. (URI photo.) 

Containers may be made of wood, metal, plastic, or pottery. Certain 
specifications are important. Units should be of a size which may be 
readily moved. Provision should be made for good drainage and suffi
cient soil or rooting medium to allow adequate rooting. A soil mixture 
including large amounts of peat moss, volcanic ash (Perlite), or blown 
mica (vermiculite) will be light, hold moisture, and be well supplied with 
oxygen in the root zone as long as drainage is provided. Holes in the 
bottom of the container,covered with a layer of coarse gravel or broken 
flower pot, will provide for drainage. Excess moisture from a window 
box placed against the side of a house may stain the paint. One solution 
to this problem, and one which will reduce the watering problem, is 
shown above in Figure 9-2. This self-watering window -box consists of a 
lower chamber which holds a supply of water conducted to the soil and 
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plant roots through glass wicking. The box is made watertight and rot
resistant by treatment with asphaltum paint. This type of watering may 
be used with house plants also. 

ANNUALS 

Annuals may be seeded in place or started in the greenhouse for later 
transplanting. Length of growing season and other use of the garden 
area may both influence the decision. A sizable commercial industry has 
been developed to provide vegetable and flower plants for sale to home 
owners. Starting plants in a greenhouse allows one to have earlier bloom 
and to grow tropical or long-season plants which could not otherwise be 
enjoyed in most parts of the country. While most annuals are grown 
from seed, some are propagated asexually, including the widely used 
geranium (Pelargonium), which, incidentally, is a perennial in tropical 
regions. There are other examples of plants which may be biennial, or 
even perennial under certain conditions, but which are treated as annuals 
(pansy). 

Starting seedlings has been discussed in Chapter 7, and asexual prop
agation in Chapter 5. The preparation of soil for growing plants inside 
will be discussed in Chapter 10. There is no need to duplicate the infor
mation at this point. A large number of attractive annuals are available 
for use in the flower garden. A few are discussed below, selected on the 
basis of very general use or because they illustrate certain basic phe
nomena. 

Ageratum (Ageratum houstonianum). There are several forms ranging 
from the dwarf (6 inches) through intermediate to tall. The dwarf blue 
form is widely grown for borders. The taller forms, blue, white, or pink, 
may be grown for cutting. Seeding in the greenhouse is usually advised. 
although both outdoor seeding and vegetative propagation may be 
practiced. 

Alyssum, or Sweet Alyssum (Lobularia maritima). This hardy long
blooming annual produces white or lilac blooms in about six weeks from 
field seeding. It is especially valued as a border plant, but may be used 
for a mass effect on banks or in beds by spacing plants 6 to 9 inches 
apart, depending upon variety. 

Aster; China Aster (Callistephus chinensis ). Asters are one of the more 
popular annuals m home gardens and are grown commercially also. They 
are started ordinarily from seed indoors and planted 9 to 15 inches 
apart, depending upon variety. Asters come in a wide range of colors. 
Wilt and yellows are serious diseases which are spread by insects such 
as aphis. Commercially, the crop is often grown under cloth for protec
tion. Steady, rapid growth is important to good flower production, and 
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cutting over a long season is possible. Disease-resistant varieties should 
be grown where possible. 

Bachelor's Button, or ComRower (Centaurea cyanus). This is a popu
lar garden annual which normally produces blue Rowers (also pink, 
purple, and white) and grows to a height of 2 or 3 feet. Seed may be 
sown in place the preceding fall or in very early spring, and plants 
thinned to stand 1 foot apart. They self-seed readily and therefore may 
continue for several years without renewing. The plants will stand 
some crowding, and blooms do well as cut flowers. 

Begonia (Regonia). Begonias bearing pink, red, or white flowers are 
valuable bedding plants which do well in partial shllde. The foliage is 
often as important or more so than the blooms, depending upon variety. 
Many begonias are grown in the greenhouse for sale as house plants. 
Propagation may be by seed, leaf, or stem cuttings or by divisions of 
roots or tubers. Tuberous-rooted begonias are espf'cially valuable in 
shady locations and may produce large spectacular blooms. Most be
gonias are frost-tender and must be carried over winter inside. 

Calendula (Calendula officinalis). The calendula, or pot marigold, 
grows well in cool climates and is used as a greenhouse flower as well 
as outdoors. Most varieties are shades of yellow or orange and range in 
height from 18 to 24 inches. They may be grown from seed planted out
doors in early spring for summer flowering or later for fall blooms. They 
are usually planted at I-foot intervals or slightly less and make an ex
cellent flower for cutting. 

Cockscomb (Celosia argentea). Cocks comb is noted for brilliant large
crested yellow or red blooms produced on dwarf (I-foot) or tall (2- to 
3-foot) plants. They may be planted in place, but starting in the green
house is preferred. They should not be started too early, since con
tinued growth without hardening is important. 

Cosmos (Cosmos hipinnatus). Cosmos is a tall-growing annual re
sponsive to length-of-day influences. The blooms develop as the days 
shorten in late summer and early fall. Plants are tall (3 to 8 feet) with 
fine foliage and thin stems. While they may be seeded in place, starting 
in the greenhouse is recommended. Cosmos flowers best on only moder
ately fertile soil and may be spaced 2 to 3 feet apart. 

Dianthus (Dianthus). There are several species of dianthus of impor
tance to the floriculturist, including the greenhouse carnation (D. 
caryophyllus ) , the sweet william (D. barbatus) , and the China pink 
(D. chinensis). While biennial or perennial if grown under favorable 
conditions, the last two are frequently handled in the garden as annuals. 
Blooms of several colors, including red and white, develop freely on 
plants which grow to 1 foot high and are spaced closely at 6 inches. 
Propagation may be by cuttings, root division, or by seed planted in 
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early spring, preferably indoors. The plants are poor competitors and 
require cultivation and fertilizer. 

Forget-me-not (Myosotis sylvatica). This fine low-growing plant is 
grown as an annual or biennial and is useful as a border plant or with 
bulbs. The small blossoms, usually blue, are developed 6 to 10 inches 
above the ground. They provide a delightful covering of the bare ground 
while bulb plants are developing and blooming, and provide interest 
during the period while bulb foliage is maturing and drying. The plant 
will stand crowding and partial shade but requires a plentiful supply 
of moisture. It does best early in the season. 

Larkspur, or Delphinium (Delphinium ajacis). While the names lark
spur and delphinium are synonymous, many gardeners know the annual 
as larkspur and the biennial or perennial as delphinium. Larkspur is a 
cool-season plant and may be started from seed in the fall for early-spring 
bloom (especially in the South) or in very early spring in the North. The 
plants are tall (up to 3 feet) and have showy blue, violet, pink, or 
white flowers. It is a desirable flower for cutting. 

Marigold (Tagetes). Dwarf (8 to 10 inches) and tall {2 to 3 feet) 
marigolds are a widely used annual for edging (dwarf) and general 
bed planting. They make good cut flowers and bloom continuously over 
a long period. Blooms are mahogany, yellow, orange, or creamy white in 
color and develop from plants preferably seeded in the greenhouse in 
early spring. The dwarf types (T. patula, or French marigold, and T. 
tenuifolia) have a low-spreading habit of growth, while T. erecta is up
right, as might be deduced from the name. The foliage of some marigolds 
has an odor objectionable to some. There are varietal differences in 
this respect, and nearly odorless varieties may be selected. 

Nasturtium (Tropaeolum majus). Nasturtium is easily propagated by 
seed or cuttings. The seedlings do not-withstand transplanting well. While 
there are perennial species, the annuals are commonly grown to cover 
trellises and rocks or to hang from window boxes. There are dwarf 
varieties for bedding and strong-growing climbers for other purposes. 
Nasturtiums bloom almost continually and may be brought inside and 
grown as a house plant. Flowers may be yellow, orange, or scarlet and 
develop best in cool climates and on soil which is not too heavily ferti
lized. They make a good cut flower. 

Pansy (Viola tmolar hortensis). Pansies are easily and widely grown 
as edging plants, among bulbs, in window boxes, and in beds for mass 
effect. They may be seeded outdoors in the fall or in the greenhouse in 
the early spring for early-spring planting. In Southern areas, they may 
continue growth throughout the winter, while in the North they go into 
rest and should be mulched lightly for protection. Being frost-tolerant, 
they are among the first blooms in the spring and may be used to 
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provide color while other plants are developing. Plentiful moisture is 
necessary for continued growth. To prevent seed-pod formation and 
reduced flowering, it is also important to keep old blossoms picked. 
While plants may be grown from home-saved seed, better plants usually 
result from seed purchased from specialists who have developed superior 
varieties and maintain disease-free stock. 

Petunia (Petunia hybrida). The petunia is one of the most widely used 
and most satisfactory annuals for edging, borders, window boxes, and 
pot plants. Unlike the pansy, petunias are tender to cold and are usually 
started in the greenhouse if early blooms are desired. Continuous bloom 
until frost may be expected, and a wide variety of colors is available. 
Bushy types are available for bedding, and weaker-stemmed, or "bal
cony," petunias for window boxes. Varieties which have double flowers 
have been developed, although the singles are fully as attractive to 
many. Ft hybrids are available also. 

Phlox (P~ drummondii). The annual phlox has dwarf varieties (6 
inches) and taller varieties to i8 inches with white, magenta, rose, and 
purple blooms. The plants are used for borders, in rock gardens, and gen
eral garden beds. Seed may be sown for growth in place, but early 
planting in the greenhouse is preferred. Full sunlight is required for 
best results. While the perennial species are more Widely grown, the an
nual prOvides an attractive, long-blooming plant quickly. 

Portulaca (Portulaca grandiflora). Portulaca is a low-growing spread
ing plant of special value on dry, sandy soils and in sunny locations. 
Seed is sown in place after danger of frost and should provide a mass 
of spectacularly colored blooms at the terminals of fleshy stems. Self
seeding commonly occurs. 

Red Salvia (Salvia aplendena ). While salvia, in its native habitat, may 
be a shrub growing higher than a man, this species is widely grown as 
an annual for its scarlet whorled floral racemes. The common red salvia 
grows about 2 feet high and is planted about 1 foot apart as a bedding 
plant. It is started from seed, preferably in the greenhouse, and handled 
as are other tender annuals. There are blue and white varieties and size 
variants from 6 inches to 3 feet. 

Snapdragon (Antinhinum ma;u:.). Snapdragon is one of the most pop
ular outdoor and greenhouse flowering plants. While there are annual 
species, the horticultural varieties come from a perennial. There are dwarf, 
intennediate, and tall varieties and blooms of almost all colors, except 
blue. Plants may be started from fall seeding in cold frames in the South 
or early-spring greenhouse seeding in the North. The plants will stand 
JigM frost and are planted outside from 6 to 18 inches apart in early 
spring. They do best in cool weather and continue to bloom over a long 
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period, especially if seed pods are removed. The outdoor and greenhouse 
varieties are different and not interchangeable. 

Stock (Matthiola incana). Stock is grown both outdoors and in the 
greenhouse for its mass of bloom. About 14 weeks is required from seed 
to flower, and plants are usually started inside for later garden use. Stock 
should be grown rapidly without check and for a larger number of 
flowers may be pinched back when about 4 inches high. They do well as 
cut flowers. Plants grow to be 12 to 30 inches tall, are set 9 to 15 inches 
apart, and have white, rose, and purple single or double flowers. 

Sweet Pea (Lathyrus odoratus). Sweet peas are also grown both out
doors and in the greenhouse. They produce an excellent cut flower, and 
tall varieties may be used as a screen. Sweet peas are even more cold
tolerant than garden peas. They may be planted as soon as the frost is out 
of the ground. For e-'en earlier bloom, seeds may be started indoors and 
transferred promptly to pots or a bench. They should be l!ansplanted 
outdoors before growth slows up and the plants become stunted. Pinch
ing out the terminals will encourage branching. Hot weather soon results 
in poor blooms and death of many plants. Thus sweet peas should not be 
depended upon for the full season. Shading with cloth will lengthen the 
bloom period somewhat. Plant growth is just the opposite from that of 
most plants: rapid and succulent at low temperature, but woody and 
hard at high temperature. 

Verbena (Verbena hortensis). The garden verbena is a popular low-
growing and spreading annual. It is especially valuable because of its 

.long blooming season. Varieties with white, blue, red, pink, and purple 
'blooms are available. While the low-growing type is especially common, 
dwarf, compact, and upright types are available also. Plants are usually 
propagated from seeds planted indoors in early spring. 

Zinnia (Zinnia elegans). The zinnia is a very popular summer- and 
fall-flowering annual, available in flowers of several colors. It is best 
seeded inside for early plants in the North. In Southern areas, seeds may 
be sown where the plants are to grow. In addi!ion to the giant sizes (30 
to 36 inches) listed, there are varieties half that size or smaller. Zinnias 
do well in semishade as well as full sunlight and stand up well as cut 
flowers. While successfully grown on a wide variety of soils, they do best 
on a deep water-retentive soil which has been well manured. Plants 
spaced 9 to 18 inches apart will develop a very striking mass effect. 

The small list of annuals discussed above excludes many of equal, or 
perhaps in some sections greater, value. The listing does indicate, how
ever, the wide diversity of colors, seasons, height, and form. Because of 
their general ease of culture and wide adaptability, quantities. of flowers 
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for garden effects and cutting are available to all. In Northern areas es
pecially, the use of a hotbed so that one may start one's own plants may 
be profitable. While most annuals are fairly tolerant of soil reaction, 
some, such as alyssum, dianthus, nasturtium, pansy, phlox, sweet pea, 
and zinnia, are benefited by applications of lime sufficient to make the 
soil only slightly acid (pH 6.0 to 6.8). 

BIENNIALS 

There are a few biennial plants which should be included in most gar
dens. Because they are poor competitors and tend to become weak 
growers, some perennials may. pe best grown as biennials also. We have 
already indicated that bachelor's button, dianthus, forget-me-not, lark
spur, and pansy, frequently grown as annuals, may also be treated as 
biennials. A few additional plants are listed below. 

Canterbury Bells (Campanula medium). This popular biennial pro
duces showy bell-like blossoms, violet, blue, pink, and white in color, 
and 1 inch or more in diameter. They are seed-propagated in summer 
and transplanted to a flowering location in the fall. A mulch should be 
provided during the winter. There are both annual and perennial 
Campanulas also. 

Foxglove (Digitalis purpurea). This attractive garden plant does best 
in a cool moist climate. Purple, yellow, rose, or white flowers, 2 inches 
or more in length, are borne in a long raceme on stems 24 to 48 inches 
high. While they may bloom for more than one year, plants become 
poorer, and treatment as a biennial is preferred. They are propagated by 
seeding in a protected spot such as a frame and moved into the garden 
in the fall, or better, in very early spring. 

Hollyhocks (Althaea rosea). The hollyhock is an old-fashioned, tall, 
coarse-leaved plant, producing large multicolored flowers, opening from 
the base upward. While they may self-seed and appear as perennials, they 
are best treated as biennials or even annuals. For early bloom, seeding 
the preceding summer in a cold frame and transplanting into place in 
early spring is advised. Early greenhouse seeding, followed by spring 
transplanting, will provide flowers later in the season. The hollyhock, 
because of its large size and coarse growth, does not fit in well with 
many other flowering plants. They are spectacular by a gate or against a 
wall or building. They require full sunlight for best results. 

WallFlower (Cheiranthus cheiri). Although it is a perennial, this 
popular garden flower is best treated as a biennial. Propagation is by 
seed, or better, by division or cuttings. It is used in rock gardens as well 
as for a border or bedding plant. Plants are about 1 foot high. 
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PERENNIALS 

Perennials in wide variety are available and may constitute the great 
mass of plant material in the established garden. Although only a small 
number are considered below, enough are included to provide flowers 
from early spring to late fall. While most perennials stay in the ground 
indefinitely, a few, which are so classified, must be removed and parts 
protected from freezing during the winter, at least in the North. Roses, 
day lilies, and peonies are in the first category, while gladioli and dahlias 
are in the second. 

Bulbs (Hardy). Several bulbs are grown for early-spring flowering 
and are also forced in the greenhouse for cutting and pot sale. The 
tulip (Tulipa), hyacinth (H yacinthus ), and daffodil ( Narcissus) are 
most commonly grown. Crocus (Crocus), grape hyacinth (Muscari) , 
snowdrop (Galanthus), and scilla (Scilla) are others especially valued 
for naturalizing or in rock gardens. All of these bulbs are plantp-d in the 
fall and may be left there for yearly bloom until crowding, lack of 
fertility, or disease results in poor performance and necessitates replant
ing. 

Bulbs should be placed in soil which has been thoroughly prepared 
by deep spading and by the addition of compost, well-rotted manure, 
bone meal, lime, etc., as necessary to produce a fertile, friable, well
drained medium. Many bulbs will rot in soil which is poorly drained. 

Bulbs may be used in formal gardens, according to an exact pattern. 
High-quality bulbs have been carefully sized to ensure uniform size and 
height of bloom. When used informally in perennial beds, bulbs should 
be planted in groups. Spacing will vary from 2 to 8 inches or more. 
When bulbs are dug up at frequent intervals so that they can be graded 
for size and replanted, closer planting is the rule. If bulbs are used in
formally, greater-distance may be allowed so that crowding will not 
occur for several years. 

Depth of planting is generally related to bulb size, usually twice the 
height. However, time of bloom of some bulbs is influenced by depth of 
planting, and so bulbs of the same size and variety may be planted at 
different depths for earlier (shallower) or later (deeper) than normal 
flowering. Since this is true, depth of planting in formal beds must be. 
very exact. It is important that the soil be firmed about the bulbs. If 
drainage is poor, several inches of gravel below the bulb may help. 
When planting, holes may be made with a dibble (short pointed stick) 
or special metal tools resembling small post-hole diggers, or better still, 
the soil in the bed may be completely removed to the required depth 
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and then replaced when all the bulbs are in place. The soil should be 
uniformly firmed about the bulbs to eliminate air pockets, and thus poor 
or no root growth, and also as a small protection from mice. Mice are 
more likely to tunnel to bulbs in soil which is very loosely and unevenly 
packed. 
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FIG. 9-3. Diagram of bulbs with suggested planting depths and distances. (From 
J. C. Schilletter and H. W. Richey, "Textbook of General Horticulture," McGraw-Hill 
Book Company, Inc., 1940. ) 

It is desirable that bulbs be in the ground long enough before cold 
weather so that some root formation will take place in the fall but not 
early enough for much, if any, top growth. In southern New England, 
daffodils, crocuses, hyacinths, etc., are usually put in during early Oc
tober, and tulips toward the end of October or early November. The 
bulb garden area should be lightly mulched following the first hard 
freeze. 

A new bulb or bulbs form during or after Howering. Therefore it is im
portant that the foliage be protected from insects and diseases so that 
food may be manufactured. For the same reason, all the leaves should 
not be cut with the Howers. Old blooms should be removed promptly 
both to improve appearances and to divert food which would otherwise 
go to produce seeds. During this ripening period and subsequent dying 
of the foliage, the presence of other plants among the bulbs is desirable. 
As indicated earlier, pansies, ageratum, and forget-me-not do very well 
for this purpose. 

As indicated in Chapter 5 on Plant Propagation, small bulbs or slabs 
produced by the old bulb may require one or more years of growth be
fore they are large enough to produce good-sized blooms. In replanting 
bulbs, only the largest are replaced in the Howering borders, while the 
small ones are either discarded or planted in rows in well-fertilized soil 
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for increase in size. For greatest size increase, full sunlight is desirable. 
Well-developed bulbs may be grown satisfactorily in partial shade. The 
intensity of shade from deciduous trees and shrubs increases as leaves 
expand and new growth develops. Thus early-blooming bulbs may se
cure sufficient light to. mature in an area which is heavily shaded by 
midsummer. 

Iris (Iris). The iris is an excellent garden perennial available in many 
colors and of several types and species. Irises vary in height from 

FIG. 9-4. Irises of many types and colors are available and, by selection, may provide 
bloom over a considerable period of time. (URI -photo. ) 

dwarfs (I. pumila) suitable for the rock garden to the German, or 
bearded, iris (I. germanica), which grows to a height of 3 or more feet. 
A long season of bloom may be secui'ed by proper selection. Irises are 
propagated by division. Divisions are made immediately after flowering 
and planted at ground level-just the roots and base of the rhizome type 
stem underground. The leaves are usually cut back to about 6 inches. 
Three to five divisions may be set a foot or more apart in a group for quick 
results, or singly if time is not important. One to two flower stalks may 
be expected the first spring. Under good growing conditions, irises will, 
in a few years, form an almost solid mass of roots and rhizomes. With this 
crowding, quality of flowers is gradually reduced. 

Irises may be planted in clumps in a perennial bed or to fill a whole 
border. The blooms may be used as cut flowers. The removal of old 
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blossoms and dying leaves is important for appearance, disease control, 
and maximum food storage. Control of borers in the rhizomes is neces
sary, and in replanting, only clean stock should be used. Light winter 
protection with a mulch is desirable in Northern areas. 

Peony (Paeonia officinalis ). Peony is an old fayorite in many gardens, 
producing large brilliantly colored flowers. The plants must be propa
gated asexually by division. They are usually planted in the fall at inter
vals of 3 to 4 feet, being careful to have the buds just barely below 
ground. Too-deep planting is a common cause of failure to bloom. Full 
sunlight and high fertility are desirable. Disease (blight) is often 
troublesome, and sanitation, including removal and burning of all old 
foliage and spraying with a copper fungicide, is recommended. Because 
of size, peonies should be used only in large beds or as specimen plants 
in borders. The bloom may be cut for indoor decoration. 

Day Lily (HamerocaUis). Day lilies are now available in a wide range 
of colors, sizes, and periods of bloom. This easy-to-grow plant makes a 
display over a long period of time by virtue of a rapid succession of 
blooms rather than long-lasting ones. As the name indicates, most flowers 
bloom for a day only. The foliage is grasslike, arising from a crown which 
becomes more dense year by year. When the center becomes raised, the 
plant should be dug up, preferably in very early spring before growth 
starts, and divided so that at least one bud and some roots are in each 
division. 

Day lilies will grow on almost any soil type, including sandy banks of 
low fertility. Better results are secured, of course, in more favored loca
tions. While there are dwarf types (H. minor) suitable for the rock gar
den, the common lemon day lily (H. flnva) -is frequently 3 feet tall and 
some are taller. They require considerable room for proper develop
ment, and individual clones in a section of a perennial bed should be 
sufficient. Clones 3 to 4 feet in diameter may develop. Because of the 
development of so many horticultural varieties,. its wide adaptability to 
soil and climate, and relative freedom from insect and disease problems, 
the day lily should become an increaSingly important perennial. 

Phlox (Phlox paniculata, etc. ). Annual phlox was treated earlier. Peren
nial phlox is a commonly used plant in borders and rock gardens. It 
is readily propagated from seed and stem or root cuttings. However, 
simple division in early spring or late summer after Howering is the usual 
method. There are fine whites, pinks, and reds which will grow to 4 feet 
high. Unfortunately, phlox is quite susceptible to mildew. P. subulata is 
the dwarf moss pink so frequently grown in rock gardens and on banks 
for early-spring flowers . Pink-, purple-, and white-Howered varieties are 
available, and the plant may spread over a rock and provide a solid 
blanket of bloom. Phlox will grow on a wide variety of soils, but is 
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favored by fertility and requires full sunlight for best results. The plants 
self-seed readily, but the seedlings are usually inferior. 

Delphinium, or Larkspur (Delphinium grandi/lorum). While the names 
delphinium and larkspur are technically synonymous, as noted earlier 
in our discussion of annuals, delphinium is generally used for the peren
nial and larkspur for the annual. Delphinium has been hybridized to the 
point that origin is difficult to determine, and it is from these hybrids 
that the most desirable flowering types have been secured. Delphinium 
may be propagated by division or cuttings, but is most easily grown 
from seeds planted in late summer shortly after they ripen. Stored seed 
should be held at about 50°F in tightly sealed packets to ensure good 
viability. The plants do best in Northern climates and suffer both in hot 
weather and on warm, droughty soils. 

Deep soil preparation and high fertility are desirable. Individual 
plants should be spaced at least 2 feet apart and are set in late fall or early 
spring with the crown 2 inches below the surface. 

While the tall flower spikes of most varieties are blue, some are avail
able in whites, pinks, and the so-called reds. Individual flowers may be 
single, semidouble, or double, with the semi double varieties usually pre
ferred . Ideally, the foliage extends two-thirds of the total height, and 
flowers start at that point. Total height may be 3 to 5 or more feet. Some 
flower stalks are weak and may require a stake for support, especially in 
an exposed windy location. 

If the stem is cut off promptly after the flowers have bloomed, a sec
ond, but smaller, bloom may be produced in the fall. Some accept this 
second bloom and then remove the plants, treating them as a biennial. 
There is a tendency for the plants to lose vigor if maintained too long. 
They will frequently self-seed if flower stalks are not removed. Because 
of their height and size, delphinium may be used for accent and in the 
background of a mixed perennial bed. Ideally, they are planted in 
groups. 

Mites are frequently a serious pest problem. 
Chrysanthemum (Chrysanthemum). Chrysanthemums are one of the 

most important garden perennials, especially valued for late-summer 
and fall flowering. They are also widely grown outdoors, frequently 
under cloth or other shade, and in the greenhouse as a florist crop. 
They stand up especially well as cut flowers. The blooming of this plant 
is determined by day length, and the formation of buds may be hastened 
by shortening day length in the summer or delayed by providing addi
tional light. Thus flowers may be obtained 12 months of the year. In the 
garden, succession of. bloom is secured by variety selection. More 
details on controlling bloom will be given in the next chapter under 
greenhouse management of this crop. 
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FlG. 9-5. Chrysanthemums in garden near Concord, New Hampshire, being grown 
in beds which are covered with black cloth during part of the day to control time 
of blooming. 

New varieties are secured from seed, but increase of established vari
eties is by cuttings or division. Cuttings of garden chrysanthemums may 
be made from plants taken inside or otherwise protected during the 
winter or when growth first starts outdoors in the spring. These sources 
of cuttings are normally called "stock plants," and it is especially impor
tant that they be kept free of insects such as the leaf nematode. Divi
sions are made in either late fall or early spring by digging the plants and 
cutting the rhizomes into several pieces. New plants from cuttings or divi
sions should be planted in a well-prepared water-reten~~ve, but not wa
terlogged, soil and are spaced 18 to 24 inches apart, deiJending on vari
ety and use. 

Outdoor, or garden, chrysanthemums are usually grown for maximum 
display rather than large individual blooms. They are therefore pinched 
one or several times to induc~ branching. Pinching should not be con
tinued beyond the middle of July in southern New England because bud 
formation begins soon thereafter. Later pinching would not only delay 
flowering but would result also in short side shoots and a spikelike 
flower formation. In pinching, only the terminal bud need be removed, 
but terminals may be shortened more if it seems necessary to ensure 
lower branching. Adequate watering and side dressing with fertilizer 
may be necessary to maintain good growth. 

Chrysanthemums come in a wide variety of colors and blossom types 
from flat single daisylike flowers to the pompoms which are almost glo
bular in shape. Many nurserymen pot plants in late summer, and one 
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may select the color combinations desired and plant them for an almost 
immediate mass effect. While truly a perennial, some varieties are less 
hardy than others, and some winter loss may be experienced, especially 
on poorly drained soils and during unusually cold and open winters. 
Mulching will help; many growers remove a limited number of plants to 
the protection of a cold frame and start with new divisions each year. It 
is important to provide good drainage to plants left outdoors. 

Lilies (Lilium). Several species and varieties of lilies make fine garden 
plants. The bulbs differ from those of the early-spring bulbs in that they 
are made up of numerous loose fleshy scales. Propagation from seed, 
slabs, and tiny bulbils which develop in the axil of the leaves of some 
species is easily done by the gardener. It may take up to three years 
to develop bulbs of flowering size. However, the large number of bulbs 
available at almost no cost and the freedom from imported disease 
should encourage home propagation. Full-size bulbs may be purchased. 

Lilies may grow to great height (6 to 9 feet), depending upon variety 
and cultural conditions. The numerous large flowers make an excellent 
show. Lilies generally do best in partial shade and away from competi
tion with other deep-rooted plants. Shallow-rooted ground-cover-type 
plants (Vinca minor, etc. ) may be used, however. Bulbs should be 
planted in late summer or early fall in well-prepared and enriched soil. 
Drainage is especially important, and sand is frequently placed about 
the bulb itself. Bulbs are usually planted at a depth of three times their 
diameter. Fertilization and weed control are necessary for best results. 
Adequate moisture is important, especially as bulbs approach bloom
ing. As with other bulbs, the flowers should be removed when they fade 
unless seed production is desired. Foliage should be allowed to remain 
until it starts to turn yellow so that food materials may be stored for the 
following year. The lily beds should be mulched during the winter to re
duce the depth of freeZing. 

Gladiolus (Gladiolus). The gladiolus is an important garden flower, 
widely grown commercially for cut flowers, being shipped from the 
South in the winter and produced farther and farther north as the 
season progresses. The gladiolus is frost-tender, and the corms used for 
propagation must be dug and stored inside during the winter. Corms 
normally require a rest period, anyway, and in warm climates where 
freezing injury is no problem, they are dug and placed in cold storage 
for from six weeks to three months. Corms are generally dusted with 
DDT prior to winter storage to control thrips, a common and devastating 
pest. 

Corms are planted in well-prepared soil 3 to 6 inches deep and spaced 
4 or more inches apart in the row, depending on soil fertility and water 
supply. Since they are dug and replanted each year, no allowance need 
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be made for spreading, as with many of the perennials discussed. Shal
low cultivation is important since new corms are developed above the 
original. A slight hilling of the plants will help to hold the stems up
right. Chemical weed control has proved quite practical. Flowering 
stalks are usually cut for sale in distant markets just as the first individ
ual flower shows signs of opening. Flowers open from the bottom to 
top, and thus some bloom is available over a considerable period of 
time. In harvesting the flowering stalks, it is important to leave two or 
three leaves to mature the corm. 

FIG. ~. Chemical weed control has greatly reduced the cost of growing gladioli. 
( URl photo.) 

Varieties are available which require from around 50 to over 100 days 
to bloom. By variety selection and timing of planting, flowers for a partic
ular period may be secured. After flowering, the foliage should be kept 
growing vigorously to produce food and make new corms. Before cold 
weather, the plants should be dug, the tops removed, and the corms 
separated according to size. The larger corms may be used for flower 
production the following year, while smaller ones may be lined out and 
well fertilized for one or more years until they grow to flowering size. 

Gladioli are available in a wide variety of colors and should be in-
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eluded in every garden. They may be forced in the greenhouse if de

sired. 
Dahlia (Dahlia pinnata). The dahlia is another perennial garden 

flower which is frost-tender and grown as a bulbous annual in most 

parts of the United States. The common garden dahlia is propagated by 

division of tuberous roots and produces large flowers (4 to 8 or more 

inches in diameter) on plants which may be from 4 to 8 feet in height. 

Flowers of such large size on proportionately large plants are not well 

adapted to the small garden. Smaller plants (18 to 30 inches), many of 

which are produced the first year from seed, have been developed. Such 

plants have blooms of many colors, and those most pleasing may be 

perpetuated by further propagation from tubers. They are desirable 

bedding plants and make fine cut flowers. 

In the spring, the roots of garden dahlias are divided so that there is 

at least one bud, or eye, per root section. The roots may be allowed to 

begin growth prior to planting as a means of bett~r selecting the proper 

place for division. Delaying division too long results in the production of 

long shoots which are easily broken. Cuttings may be made from such 

shoots. For this method of propagation, tubers should be started early 

enough to produce well-rooted potted plants before transfer outdoors. 

Dahlias do best on a fertile, well-drained soil so located as to receive 

sunlight at least half the day. Depending on size of plant, tubers are 

spaced 24 to .'36 inches apart in 3- to 4-foot rows after all danger of 

frost. They are placed horizontally about 6 inches below the surface, 

with the eye uppermost. About 2 inches of soil is placed over them at 

first, and the rest added after the shoots have started to grow. If size of 

bloom is important, the shoots are thinned to one or two per plant. For 

more but smaller blooms, additional shoots may be left. Pinching out the 

terminal buds will induce branching and a lower plant. Dahlias will re

spond to irrigation and a side dressing of complete fertilizer as soon as 

growth is well under way. 
After the first frost, dahlias are dug and the tops removed 3 to 4 

inches above the roots, with care to avoid injury to the buds. They are 

allowed to dry so that the soil can be removed. These roots are then 

stored at 50°F or less in a room which has enough moisture to prevent 

shriveling and possible death and not enough to encourage growth or 

rot. Dusting with sulfur will help control disease, and covering with 

sand or peat moss will reduce drying out. 

Roses (Rosa). Roses are probably the most Widely used garden peren

nial. They are adapted to formal gardens, rock gardens, trellises, banks, 

and the mixed bed. Plant breeders have greatly increased the usefulness 

of this flower by developing varieties with greater hardiness, disease 

resistance, and longer blooming period, as well as greater variety of 
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color and form. Hybridization of species has been widely practiced. We 
shall attempt to discuss but a few types, leaving detailed study to 
specialized courses in floriculture. 

Tea roses (R. chinensis fragrans) are the fragrant garden roses of the 
South. Because of weak stems, lack of hardiness and vigor, and limited 
color range, hybrids with other species have been made. These hybrid 
teas are the most Widely grown. The number of varieties available is 
tremendous, and new ones are being introduced yearly. Taking into ac
count varietal differences, hybrid tea roses may be grown even in North
ern areas, if given some winter protection, producing blooms from late 
spring until fref>zing weather. Special attention to culture, including fer
tilization, watering, and pruning, is necessary. 

Hybrid perpetual roses are more vigorous, hardier, and larger-grow
ing than the hybrid teas but generally have but one blooming period. 
They are valuable as background plants in a bed and do well in mass 
displays. They were the principal roses in many older e;ardens. The de
tailed care necessary for the hybrid teas is not required. 

Polyantha and Floribunda roses have been developed from crosses be
tween hybrid teas and hybrid perpetualsand the wild-growing R. multiflora so widely used for rootstocks and for living fences. The blooms are 
borne in clusters and in great profusion. They are particularly valuable 
for borders and mass displays. Dwarf varieties are available. They are 
generally quite hardy, vigorous, and require limited care. 

Climbing and pillar roses are valued because of the great vigor of 
growth which makes them valuable for use on trellises or posts. They do 
not really climb but produce long canes which may be tied into position 
or allowed to dr!lpe over an obstacle. The earlier climbers were hybrids 
with R. multi/lora (crimson rambler), but because of sus :-eptibility to 
mildew are being replaced by hybrids with R. wichurianas which bloom 
longer and are more disease-resistant. Uecent hybrid tea wichuriana 
crosses have produced very vigorous upright-standing roses with the re
current blooming habit of the hybrid tea and the longer-cane charac
teristic of the other parent. They may be upright-standing and are 
called pillar roses. 

Rugosa roses are only one of the many other types valuable for special 
1JS«lS. Rugosa is espeCially valuable because of great hardiness, vigor, 
resistance to wind and salt spray, and tolerance to poor soil conditions 
and neglect. It has attractive dark green foliage, blooms throughout the 
summer, and produces attractive orange-red fruit (hips) in the fall. It 
is almost immune to pests and may be used as a barrier on the border of 
property. 

Propagation. Roses may be propagated by seeds (R. multiflora and 
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R. rugosa), by root suckers or layers (R. rugosa and some climbers), 
by cuttings (hybrid perpetuals, many landscape species, and most climb
ers ), or by budding and grafting (hybrid teas). The various types of 
propagation have been discussed earlier. Own-rooted roses have the ad
vantage of having natural conducting tissue between top and roots, and 
ruckering causes no difficulty. Grafted plants may have the advantage 
of a more vigorous root system and greater uniformity of growth. R. 
multiflora and R. noisettania (Manetti rose) are Widely used as root
stocks. 

Soil, Location, and Culture. Roses generally do better on a clay loam 
than on sandy soils, although water retentiveness probably is the major 
consideration. Roses are both poor compt:titors and heavy feeders. 
While doing well in heavy soils, poor drainage will cause trouble, both 
by excluding necessary oxygen and by increasing damage from ice and 
frost heaving. Deep soil preparation and the addition of well-rotted 
manure or compost, lime to acid soil, and commercial fertilizer are rec
ommended. Roses will usually do best in full sunlight, although a little 
shade for part of the day will do no harm and may prevent bleaching 
of Hower color. 

Rooting is deep, but feeding roots are found close to the surface. 
Therefore deep cultivation should be avoided. A mulch of sawdust, peat 
moss, or buckwheat hulls may be used to conserve moisture and hold 
down weeds. Well-rotted manure is also used, if available. If manure is 
not used, side dressing with commercial fertilizer at monthly intervals is 
generally recommended for the hybrid teas. New growth is necessary 
for continued bloom. Irrigation is usually essential for best growth. 

Planting. Roses may be planted either in the fall or very early spring. 
Fall planting is preferred, except in .the coldest areas. Starting plants in 
paper pots allows later spring planting than is practical for bare-rooted 
plants. The bud union should be at or slightly below ground level, and 
the roots should be spread well to encourage rooting in all directions. 
Only injured roots should be pruned back. If roots cannot be fitted into 
the hole without bending, the hole should be enlarged. Good topsoil 
should be worked in about the roots and settled in place with water. 
Soil may be placed to form a cup about the base of the plant to hold 
more water early in the season. In the fall, soil should be mouaded 
about the base to ensure drainage away from the plant, thereby reduc
ing freeZing damage. 

Pruning and Cutting. The top should be pruned at planting time by 
the removal of all injured or weak shoots and the shortening of those re
maining. The severity of pruning will vary with type, the hybrid tea 
being cut back harder than the hybrid perpetuals, and both more se-
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verely than climbers and species roses. The heavy cutting to 2- to 3-inch 
stubs frequently practiced is not recommended. More blooms of nearly 
equal quality will be produced with less severe pruning. 

FIG. 9-7. Pruning rose bush at planting time. Note that the. lU'Jpruned plant (left) is 
rather severely pruned for both fall (center) and spring (right) "Janting. Crooked 
and broken roots are removed. (From E. P. Chri8topher, "The Prorling Manual," The 
Macmillan Company, 1954. Used with permiMon of The Macmillan ComlJany.) 

Once established, roses must be pruned to produce the best blooms 
and to keep the plants to desired form. Each spring, hybrid teas should 
be gone over to remove all weak or injured wood and to thin out and 
shorten the strong shoots. If too many shoots are left, some growth will 
be spindly. If shoots are left too long, branching will take place high up 
and the base of the bush will be bare. The amount of shortening should 
be determined largely by the vigor of growth. Strong shoots 1 foot to 18 
inches long may not be too much on vigorous plants growing in a fertile 
soil. Hybrid perpetual canes will normally be left 18 to 24 inches long. 
Species roses should be shaped by shortening extralong shoots and thin
ning out injured and weak growth. With R. rugoSlI, pruning may be done 
yearly as above, or to the ground after several years when growth be
comes too high or scraggly. Polyantha roses require shaping and thin
ning out only. 

Climbers may flower from growth produced new from the base the 
previous year or from laterals on second-year growth. In the first case, 
the old canes are removed completely after flowering and the new 
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canes thinned out the following spring. In the second, the canes are 
shortened to encourage laterals lower on the trellis and old canes re
moved after two years. In both cases, it may be desirable to thin out the 
number of shoots developing from the base to ensure longer growth on 
those left. In Southern sections, where disease may be a greater prob
lem, cutting all canes back to the ground after flowering may be prac
ticed. With the longer season, sufficient new growth may be expected 
to develop before winter. 

FIG. 9-8. Diagrams show heavy pruning of climbing roses following bloom. There is 
a trend away from such drastic treatment, which may be justified provided adequate 
supplies of nutrients and water are available. 

In cutting blossoms of }- "brid tea roses, the length of stem removed 
may influence future flowenng. At least two buds with five active leaf
lets should be left at f base of the flowering stem. New flowering 
shoots develop in the axI." of these leaflets. Heavier cutting will reduce 
the food manufactured, and thus the amount of new growth. Flowers of 
all roses should be removed as soon as practical after bloom, unless the 
fruits or hips are wanted, as with R. rugosa. If especially large and fine 
blossoms are desired, disbudding may be practiced. This consists of 
picking off the secondary buds as they appear so that aIi available food 
goes to develop the one left. 
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FIG. 9-9. Hybrid tea rose plant at left was pinched back severely enough to maintain compact blooming. Plant at right was less severely pinched during removal of earlier Rowers, and there appear to be two layers of blossom buds. The bush is less compact. However, individual blooms may be as good or better in the latter case, and if symmetry of bush is not too important, removal of as little leaf surface as possible during cutting may be recommended. (After USDA.) 

Winter Protection. Winter protection from both cold and wind may 
be necessary in Northern areas. Cutting back extra-long stems to prevent 
whipping in the wind is recommended. The construction of a snow fence 
or other barrier as protection from wind is helpful. Removing the canes 
of tender climbers from the trellis, laying them on the ground, and 
covering them with soil may be necessary in a very cold climate. Mound
ing soil about the base of the plants is often recommended, both to shed 
water and protect the roots from extreme cold. The use of straw or other 
mulch to ceduce the heaVing which accompanies alternate freezing and 
thawing is especially important on heavy soils. 

QUESTIONS 

1. Distinguish between annuals and perennials. Which are responsible for most early-spring flowers? Why? 
2. What factors should be considered when selecting flowers for a border? 3. What are the functions of a garden mulch? 
4. What are the advantages and disadvantages of tub gardening? 
5. List six commonly grown annual flowers with mention of any speCial char-acteristics or uses. 
6. Are indoor and outdoor snapdragons of the same species? 
7. What conditions are favorable to the culture of sweet peas? 
8. How would you prepare soil for the planting of bulbs? 
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9. How are irises propagated and planted? 
10. What conditions are unfavorable to production of flowers on the peony? 
11. How are day lily and phlox propagated? 
12. What is the usual use of the names delphinium and larkspur? 
13. What is the purpose of pinching out chrysanthemum buds? 
14. Are lily bulbs and gladiolus corms left in the ground over winter? 
15. How should dahlia plants be treated after the first frost? 
16. What special cultural requirements are necessary for a good rose garden? 
17. What are the advantages and disadvantages of heavy pruning of roses? 
18. What winter protection should be provided roses in the extreme North? 
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CHAPTER 10 

Indoor Floriculture 

Outdoor flower growing was discussed in the previous chapter. The prob
lem of home and, especially, greenhouse production will be considered 
in this one. The commercial production of greenhouse flowers is a busi
ness with an annual volume of over 200 million dollars. The number 
of plants grown in the home or in small greenhouses is very large and 
provides interest to many home owners. 

Commercial floriculture includes the large-scale grower of one or a few 
crops for the wholesale market, as well as the retailer florist with a small 
greenhouse for the holding of a few plants. The large growers of carna
tions in the Boston area, violets in Rhinebeck, New York, and roses in 
widely distributed sections are specialists and may produce at relatively 
low unit cost. Often the location of the greenhouse range is related to 
special climatic conditions, especially winter sunlight, or to good trans
portation facilities or a cheap fuel supply. The small operator is usually 
located close to potential customers and depends upon his skill in 
design and personal-service charges to offset higher unit production costs. 

The investment in greenhouse facilities and the considerable costs of 
labor, heat, and water make for stability in the size of the industry. One 
does not undertake the risks involved lightly. Having once become com
mitted to a large investment, withdrawal is not likely to take place 
quickly. Maximum efficiency in management is important to success. 
Small reductions in materials or labor costs become significant factors in 
determining profit or loss because operations are repeated innumerable 
times. Greenhouse structure and layout were discussed briefly in Chap
ter 6, but a reminder of some of the points covered there may be desira
ble at this time. Special consideration should be given to new laborsav
ing practices and developments in lighting, heating, and glass substi
tutes. 

252 
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SOILS 

Soil for greenhouse use is especially prepared to provide the structure 
and fertility level best suited to the growth of a particular crop. The 
loam used as the basic soil may be improved in the field by deep plow
ing, fertilization, and cover cropping over a period of two to three 
years. To this improved loam, additions of sand, peat, leaf moId, well
rotted manure, and chemicals are made to secure a mixture of the de
sired characteristics. The soil components may be mixed just prior to 
use or may be built into a compost a year or more ahead of time. An 
adequate supply of a basically good soil is important, and securing it be
comes .increasingly difficult. 

Soil Sterilization. Moisture and temperature conditions in the green
house are nearly ideal for the growth of weeds and the development of 
insect and disease pests. Soil treatment to minimize these problems is 
very desirable. Although generally called "soil sterilization," commonly 
used practices are better. described as pasteurization, since all the 
organisms are not killed. The treatments greatly reduce microbial popula
tion and change the numerical balance between the types remaining 
active. Some treatments affect the entire volume of soil, while others 
deal with surface organisms- only. Both heat and chemicals are used. 

Formaldehyde is used to disinfest pots and flats. They may be dipped 
in a barrel of the solution and, when well saturated, rem~>ved for drying. 
If good circulation of air is provided, obnoxious fumes may be di!ifipated 
so that these containers may be safely used within a few days. 

The fumes from-formaldehyde will kill plants; therefore an interval of 
up to two weeks must elapse between soil treatment and planting. Com
mercial formalin is used at a concentration of 1:50 in water, and from 
y:! to 1 gallon of this solution is applied per square foot of soil in the 
bench or bed. The fumes should be confined for 24 hours by a tight 
covering of canvas; heavy building paper, or plastic. The heavy drench
ing of the soil may result in undesirable puddling and loss of structure. 

Chloropicrin (te,lr gas sold as Lar' acide) is a material of value for 
both composted SQil and that being prepared for re-use in a bed or 
bench. The gas is dangerous to both plants and man-a fact which limits 
use to a whole house at a time and requires special care in application. 
The soil should be moist, but not wet, and well loosened before treatment 
to ensure rapid and even penetration. A temperature of 60°F or higher 
and confinement in the soil for three to four days are desirable. After 
treatment,. thorough aeration for several days is necessary before the 
soil may be used. 

Chloropicrin is applied as a liquid in holes spaced not over 1 foot 
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apart and about 4 inches deep. The liquid may be applied with special 
applicators or with a burette, using from 4 to 6 cc per square foot. The 
hole should be filled immediately after introduction of the material so 
as to confine the fumes. For potting soil, 6 to 8 cc should be used per 
cubic foot. When practical, paper or plastic coverings over the soil will 
increase the effectiveness of the gas. 

Treatment of the surface of the soil with red copper oxide (Cupro
cide) or iron carbamate (Ferbam) is sometimes practiced to reduce 
damping-off of seedlings. There are several organisms capable of 
attacking the tender seedling at the soil surface and causing destJ,'Uction 
of tissue and death. The chemicals may be dusted on the surface. 
These treatments should not be substituted for the more complete treat
ment of the soil and do not, of course, affect weed seeds. 

Heat is most widely used for soil sterilization. It has the advantage 
of providing treated soil, which may be used almost immediately and 
offers no hazards to nearby plants. The need for special equipment may 
be a serious disadvantage in some situations. 

Hot water at a temperature of 180 to 200°F may be used to drench 
the soil. Sufficient volume must be used to raise the temperature to at 
least 160°F and hold it there for at least ~ hour. This large volume of 
water results in both leaching of nutrients and puddling of the soil. The 
soil is not suitable for use until it has dried out considerably, and this 
causes delays. 

Steam is probably the most satisfactory method of treatment. Prop
erly used, fairly uniform results are obtained and the soil is ready for use 
within a few hours. Live steam should be used at a pressure of at least 
15 pounds, if possible, and in sufficient volume to raise the temperature 
qUickly to 160°F. This temperature should be held for 30 minutes for 
most organisms (60 minutes for nematodes). The steam may be evenly 
distributed by means of pipes with perforations, tiles on the bottom of 
beds, or a metal pan inverted over the soil. Rapidly raising the tempera
ture to the desired level not only speeds' up the operation, but also 
usually results in less wetting of the soil, and thus avoids unfavorable 
physical changes. 

Before treatment, the soil should be moderately moist. Steam should 
be held in the soil by the use of canvas, special papers, plastic, or similar 
covering. After the required steaming has taken place, the covering 
should be removed promptly to reduce moisture condensation within 
the soil. 

As indicated above, not all organisms are killed in the same propor
tion. This change in the balance of soil organisms, plus the increased 
rate of chemical reactions at high temperatures, may result in temporary 
nutrition'll problems. It has been observed that nitrates decrease and 



Indoor Floriculture 255 

ammonia increases over a period of about two weeks. If the soil is very 
rich in organic and inorganic nutrients, toxic accumulations may occur. 
Heavy leaching of the soil may be necessary to remove them. While 
these possible complications should not be ignored, more serious difficulty 
may be expected when untreated soils are used. 

Heat may be secured by the use of electrical-resistance coils buried 
in moist soil or from flame guns burning oil. In the latter instance, soil 
is moved on a conveyer belt or through a cylinder at a speed which ex
poses it to the flame for the required amount of time. Small quantities of 
soil may be handled at home by treating in the oven for an hour at a 
temperature of 200°F or in a pressure cooker for 20 minutes at 15 
pounds pressure. One should be prepared for a penetrating and gen
erally undesirable odor. 

Contamination of treated soil should be avoided. This precaution 
should be obvious, but is especially pertinent because once microbial 
competition is reduced, rapid development of a newly introduced or
ganism may take place. Nematodes are very troublesome if present. 
These hairlike worms attack the roots and, by prOviding an entrance point 
for other organisms, both directly and indirectly reduce growth greatly. 
While generally distributed, they are more often recognized as a prob
lem in the South. 

The deSirability of soil sterilization in the greenhouse can be expected 
to become even more pressing. New chemicals are being develoBed, 
and the results obtained should be watched. 

WATERING 

This subject was discussed briefly in Chapter 6 but deserves further 
consideration at this point. The close planting and limited root system, 
especially in shallow beds, make it necessary to replenish the water 
supply in the greenhouse soil at frequent intervals. On hot summer 
days, watering may be necessary two or even three times a day to 
prevent wilting. On a .cloudy winter day, it is easy to overwater and, by 
excluding oxygen, cause a similar wilting. Adjusting the moisture level 
in the soil to secure maximum growth of the desired type requires 
frequent examination of the plants and considerable labor. 

Good drainage is very important. In a waterlogged soil, decaying 
roots produce methane gas, which will, in turn, kill more roots and 
eventually kill the plant. Good drainage is essential also so that the 
soil may be leached of any excess of nutrients or toxic substances. The 
first essential for good drainage is a soil with sufficient organic matter 
or sand to permit rapid percolation of gravitational water. Secondly, 
there must be a place for this water to go. 
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The boards forming the base of a wooden bench are spaced to pro
vide drainage. Cement benches may be provided with drainage holes 
at frequent intervals. Metal benches ordinarily have a V bottom and an 
inverted half-tile in the middle leading to the lowest point to provide a 
clear channel to carry off excess moisture. The lateral movement of 
water to a point of release will be facilitated by a layer of sand or fine 
gravel on the bottom of the bed or bench. 

Watering may be done by hand with a hose. A mechanical device or 
the thumb is used to break the force of the stream and thus avoid 
packing the soil or splashing it onto the foliage. Water may be dis
tributed through perforations in pipes placed on the surface or through 
special nozzles designed to distribute the spray laterally. Lateral move
ment of water is favored and splashing minimized by a layer of sand 
or coarse mulch on the surface of the soil. Keeping the soil surface and 
plant foliage dry is very important for disease control, especially during 
poor drying periods in the winter. 

Supplying water from the bottom has certain advantages. For this sub
irrigation, it is necessary that the bed or bench be watertight and prac
tically level. A layer of coarse drainage material is placed under the. 
soil and is brought to an absolute level before adding the soil. This 
precaution is necessary to ensure even distribution of the water and 
rapid drainage. 

The water level for subirrigation may be controlled manually or by 
automatic devices. If the soil is quite porons, the water level may be 
raised to within an inch or so of the surface to ensure a rapid and 
thorough soaking. The level should be dropped promptly so that the soil 
air supply may be replenished. If the soil is heavy and less well drained, 
this flooding may result in too much water, especially during the periods 

drainage tile 

....... ::: ..... :: :.~/r<.::.:~: ,:,:,::",,:::,./:. 
: "::', ...... . 

FIG. 10-1. Cross section of bench suitable for subirrigation. If gravel were substituted 
for the soil, such a bench might be used for hydroponiCS. 
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of low transpiration rate in the winter. Under such conditions, capil

larity may be sufficient to supply moisture if the water level is raised 

in the drainage material. The water level should never be held for an 

extended period of time in the soil itself. Air circulation in the top of 

the drainage material is necessary to prevent waterlogging and the 

problems associated with low oxygen. 

Potted plants may be watered by subirrigation also. They may rest 

on the surface of drainage material in a bench and be subjected to peri

odic flooding or plunged in sand which is kept moist by holding water 

at a constant level. While subirrigation may save a great deal of labor, 

FIG. 10-2. Glass bottles con
taining culture solutions are 
used to study nutrient re
quirements. Light may be 
excluded by using black 
paint or wrapping in dark 
paper. 

it is essential that the condition of the plants 

be checked carefully to prevent both over- and 

underwatering. Devices for measuring soil 

moisture are helpful in beds and benches. Oc

casional "knocking out" of potted plants helps 

to keep track of the situation. Fertilizer may 

be applied through subirrigation, although this 

method may be quite wasteful unless the water 

is re-used. 

SOILLESS CULTURE 

Crowing plants in water solution or in inert 

materials to which nutrients in solution can be 

supplied is both possible and practical. These 

methods have been used for many years by 

research workers in studying the response of 

plants to individual elements or combinations 

of elements. Some of the earliest work involv

ing commercial application was done at the 

Rhode Island Agricultural Experiment Station 

in 1921. Subsequent work in New Jersey, Ohio, 

California, New York, and Indiana has shown 

the practicability of soilless culture. 

Water culture is a common research method. 

Plants are started in sand or on blotting paper 

and transferred to bottles contdining the solu

tion being tested. Light must be excluded to 

prevent algae growth, and part of the root sys

tem must be above the water to secure air, or 

the solution must be oxygenated (Figure 10-2). A commercial adaptation 

is possible whereby shallow beds of solution are covered with wire 

screening and plants are set in excelsior, glass wool, or even coarse 



258 Introductory Horticulture 

gravel resting on it. The problems include support of the plants, algae 
growth, and sufficient root aeration. 

Drip culture is a modification adapted to experimental, commercial, 
or home use. The plants are placed in a coarse sand, and the nutrient 
solution is applied from above through pipes or tubes. The rate of drip 
is regulated to prevent drying out and overwetting. The solution may be 
wasted or caught and re-used. 

Gravel culture is the method which has met with greatest favor com
mercially. Fine gravel, well-leached cinders, or other inert well-drained 
material sized from % to y:! inch is used in level watertight benches or 
beds. The bottom of the bed should be V -shaped to ensure good drain
age and is coated with asphaltum paint, both to ensure watertightness 
and to prevent contamination from the bench material. The rooting 
medium is ordinarily 6 to 8 inches deep to allow for good root develop
ment and firm anchorage. 

A nutrient solution is stored in a tank or pit and pumped to within 
an inch of the surface at intervals determined by the crop, its size, and 
the time of year. Roses, which transpire rapidly and suffer quickly 
from lack of moisture, may require pumping twice as often as carnations. 
Three to five pumpings may be necessary during hot weather and a 
period of rapid growth, while one pumping may suffice at other times. 
As with subirrigation, at times it is fully as important to guard against 
overwatering as to worry about plants drying out. 

The control of pH and nutrient level is important. For small-scale 
operations, it may be best to change solutions weekly. On a commer
cial basis, chemical tests can be made and depleted elements added, 
thus permitting use for two months. 

A formulation recommended by Laurie and Ries1 as satisfactory for 
many crops is given below: 

Chemical Amqunt in 1,000 gallons of water 
Potassium nitrate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SIb, 13.0 oz 
Ammonium sulfate ................................ 15.5 oz 
Magnesium sulfate ................................ 4 lb, 8.0 oz 
Monocalcium phosphate (food grade) ....... :........ 2 lb, 6.5 oz 
Calcium sulfate ..... '.............................. 10 lb, 12.0 oz 

These chemicals may be mixed dry and stored for later use. In addi
tion, at mixing time, 1 ounce of manganous sulfate should be dis
solved in 1 gallon of acidified water and added to each 1,000 gallons. 
A weekly addition of 4 ounces of ferrous sufate is made also. A reaction 
of pH 6.5 IS best for most crops, although sweet peas and stock will 

1 A. Laurie and V. H. Ries, "Floriculture," 2d ed., McGraw-Hill Book Company, Inc., New York, 1950, p. 127. 
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do better at pH 7.0. Stock solutions of ammonium hydroxide and sul
furic acid are used to adjust reaction twice a week. Adjumnent of the 
phosphorus supply should be made weekly, and that of nitrogen and 
potassium every two weeks. 

A formulation for handling house plants may be made up as follows: 

Monobasic potassium phosphate .................... 0.5 oz 
Potassium nitrate ................................. 2.0 oz 
Calcium nitrate .................................. 3.0 oz 
Magnesium sulfate (Epsom salts) .................. 1.5 oz 
Iron sulfate ..................................... 1 tsp 
Water .......................................... 25 gal 

SOURCE: California Agricultural Experiment Station, cited in A. Laurie and V. H. 
Ries, "Floriculture," 2d ed., McGraw-Hill Book Company, Inc., New York, 1950, p. 
116. 

These chemicals may be mixed beforehand, and the required amount 
dissolved weekly for use on the plants. Iron and phosphorus are the ele
ments most likely to be used up or precipitated out of solution. 

The balance of nutrients used in gravel culture may be altered at 
times for best results, depending upon crop status, time of year, light 
supply, etc. Details should be secured from experiment-station bulle
tins and books written on this specialized subject. 

LIGHT 

Sunlight is the principal source of energy for photosynthesis and 
is generally a limiting factor in the growth of greenhouse plants during 
the winter. Short days and long nights result in relatively less food 
manufacture and relatively more use of foods in respiration. On some 
cloudy winter days, the use of food in respiration over a 24-hour period 
may approach or even exceed the amount of carbohydrate manu
facture by photosynthesis. Low light intensity slows up growth and 
may adversely affect both quantity and quality of bloom. 

As mentioned earlier in Chapter 3 on Climate, an area of unusual 
winter cloudiness should be avoided for commercial ranges. The loca
tion of the greenhouse should be such as to avoid shading from trees or 
other obstructions. Clean glass will permit greater penetration of avail
able light. 

Artificial light may be supplied to lengthen the period of illumina
tion and thus influence th~ bud formation and blossoming of plants such 
as asters and chrysanthemums. In most cases, an intensity of about 2 
foot-candles is sufficient for this response, and thus power use is negligi
ble. Light may be supplied also as a means of increasing intensity on 
dark days and prolonging the period of photosynthetic activity. The in-
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tensity required is considerably greater than that necessary to bring 
about photoperiodic responses and mayor may not be commercially 
practical. Sufficient light may be secured at reasonable cost for African 
violets, ferns, and many begonias which do well at low intensities. 
Light to supplement that reaching poinsettias and Easter lilies may 
speed up growth enough to meet the special holiday marketing involved. 
Artificial light for carnations and roses is less practical. 

Light may be too intense for some crops, at least during the summer. 
Shading by painting the glass or placing mats or slats over it may be re
quired. High light intensity may result in chlorotic growth of the leaves. 
Water loss is greatly increased at the higher leaf and air temperature, 
and burning may take place. The period of light may be too long for bud 
formation and flowering. Shortening the day length by enclosing the 
plants with dark cloth is commercial practice with chrysanthemums. 

The problems of light vary with season in a given area and also ac
cording to latitude. The problem may be one of increasing day length 
in the South and decreasing it in the North. While length of day in the 
continental United States is about the same in early March and Octo
ber, it may be as much as three hours different in the summer and nearly 
two hours different in the opposite direction in midwinter. Thus specific 
directions for controlling flowering by additional light must be related 
to location. It has been reported that the speed of change from long to 
short days has an influence on the speed of blossoming, even when buds 
have already been initiated. 

HUMIDITY 

Maintaining the proper humidity is an important part of green
house management. Plants diff~r greatly in their rate of transpiration. 
Cacti and other succulents do not present anything like the problem 
experienced with cyclamens or roses. Cuttings and newly grafted or 
transplanted plants are especially sensitive to water loss because of poor 
absorbing or conducting tissue. Maintaining a high humidity will help 
the plant survive this critical period. 

Maintaining high humidity may be rather difficult. Wetting the sur
face of the soil and walks will increase humidity for a short time. The 
use of a fine mist is widely practiced in propagating houses and is 
more nearly a practical means of securing the desired results. Shading, 
by lowering the temperature, will both reduce transpiration and raise the 
humidity. Lowering the air temperature and restricting air circulation 
will also tend to result in higher humidity. 

Important as high humidity may be, securing it may not always re
sult in best plant growth. Too much shading will reduce photosynthetic 



Indoor Floriculture 261 

activity unduly. Lack of air circulation may allow condensation of mois
ture on cooler leaf tissue and promote disease. Developing a good root 
system and supplying it with plenty of water so that the plant may 
transpire rapidly without a check in growth is of first importance. Cf'r
tainly, any wetting-down procedure for increasing humidity should be 
limited to sunny days and be early enough in the day to ensure drying 
of the surface of both soil and leaves before night. 

VENTILATION 

'ventilation is an important means of controlling humidity, regulating 
temperature, and maintaining a satisfactory supply of oxygen and carbon 
dioxide. Air movement increases water loss by transpiration but, gen
erally more important, dries wet foliage and thus limits disease. The 
admittance of cool air will quickly lower temperature when necessary. 
However, drafts on certain plants such as poinsettias must be avoided 
to prevent leaf drop. Whether ventilation will increase or decrease the 
supply of carbon dioxide in the air will depend on circumstances. A large 
mass of plants actively photosynthesizing on a bright day may be ex
pected to lower the normal CO~ concentration, and the movement of new 
air into the house will be desirable. However, if there is a source of 
carbon dioxide in the house, such as rapidly decomposing manure or 
mulch, ventilation might actually reduce the concentration in the air. 

Since temperatures may change rapidly, especially on a cloudy day 
and at night, automatic ventilation, by means of thermostatically con
trolled motors, has been developed. Installation of such equipment can 
be recommended. 

FLORIST CROPS 

The crops produced in the greenhouse for sale to the public may be sep
arated into three general groups: seedlings for transplanting, including 
both flowers and vegetables, potted plants, and cut flowers. The produc
tion of seedling vegetables was treated in Chapter 7, and the same 
general principles hoM for other seedlings. Consideration will be given 
below to the other two. 

Potted Plants 

Plants such as ferns, Rex begonias, African violet, ivy, coleus, philoden
dron, and sansevieria are grown for sale throughout the year. They may 
be expected to live on, in the home for a considerable time. Plants such 
as poinsettia, cherry, and certain other begonias are grown almost exclu
sively for the Christmas trade. Others, such as lilies, tulips, daffodils, hya-
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cinths, and some azaleas are forced for Easter. Failure to have plants at 
just the right stage of development at the proper time may be an economic 
disaster to the individuals concerned. Geraniums are a major bedding 
plant grown ir. the North for Memorial Day. Cyclamen, fuchsia, and 
hydrangea, while sometimes grown for a special season, are acceptable 
over a longer period as gift plants. Some of the plants forced in the green
house may be grown outside also. However, in some cases, as with 
azaleas, the varieties used for forcing are not very hardy in the North. 

Bulbs. Bulbs for forcing are ordinarily purchased from professional 
growers and dre uniform in size, free of disease, firm, and dormant. 
Growth is made from stored food, and a rich soil is n0t necessary. Good 
drainage is important, and therefore a sandy loam is preferred. Bulbs 
are planted singly in small pots or several together in larger pans, de
pending upon local demand. A 3- or 4-inch pot may be used for a sin
gle tulip, narcissus, or hyacinth bulb. For several bulb: 5- .to 8-inch pans 
may be used. Easter lilies are usually planted singly in 5- or 6-inch pots. 

Bulbs are usually planted in the fall or early winter as soon as availa
ble from the growers. A small amount of soil is placed in the bottom 
of a suitable pot, the bulb or bulbs are pressed firmly into this soil, and 
the space about and over them filled. The soil should be watered 
thoroughly to help eliminate any air pockets and provide moisture to 
start growth. 

Pots of bulbs are ordinarily put in an artificially cooled storage in the 
South or in protected cold frames in the North for a period during 
which roots develop, but little, if any, growth takes place from the top. 
After root formation, pots may be brought inside, and the bulbs forced 
as desired. They may be placed in subdued light under a bench for a 
short period to encourage longer stems. They should be provided with 
full sunlight to develop deep green leaves and satisfactory blossoms. 

The rate at which blooms may be forced is influenced by light, tem
perature, and time of year. Narcissus brought inside in January may re
quire six weeks to Hower, while those brought in during March may take 
but three weeks. RaiSing or lowering the temperature may speed up or 
retard the rate of development and softness or hardness of growth. 

Most bulbs do well at 60°F or less and will develop very rapidly once 
exposed to the high temperature found in most homes. Therefore the 
most desirable plant for maximum enjoyment is the one which is just 
beginning to open Howers at the time of sale. It is important to supply 
ample moisture as the Howers open. If the foliage is allowed to ripen 
naturally in the sun, the bulbs may be used again outdoors. They will 
not force well a second time. 

Other Potted Plants. The procedure for growing other potted plants 
varies considerably. Seeds are used for Christmas cherry, cyclamen, and 
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gloxinia; and rooted cuttings for geranium, ivy, and poinsettia. Some may 
be purchased as small plants from specialists, for growing on to max
imum size, while the initial propagation of others is done .by the ulti
mate grower. 

To conserve space and secure compactly rooted plants, seedlings or 
cuttings are usually placed in 2~ - or, at the most, 3-inch pots. As the 
root system develops, it will form a mat about the outside of the soil 
mass. If this condition is allowed to continue, growth is retarded, and the 
plant is spoken of as being "po~-bound." Sijifting to the next-larger-size 
pot is recommended, and two to four shifts may be necessary before 
a salable plant is produced. Moderately rich soil is used. Flower-bud for
mation is usually increased when there is a slowing up of vegetative 
growth. Therefore a limited pot-bound condition may sometimes be de
sirable. 

A brief description of the methods used for handling a few common 
pot plants is given in the following pages. 

Poinsettia (Euphorbia pulcherrima). The poinsettia is a woody peren
nial from Mexico. It is widely grown from cuttings for the Christmas 
trade. The flowers are small, but the conspicuous red bracts which form 
below them are prized. In double blooms, the flowers may also produce 
red bracts. Twelve hours of daylight is critical for bud form~tion, and 
Christmas flowering occurs from buds set in mid-October in Northern 
states. If the days are shortened earlier or lengthened later, either a 
speeding up or delaying of flowering may be accomplished approxi
mately day for day. 

Stock plants are grown outdoors in California and in greenhouses in 
the Northeast. Stock plants may be set in beds in early April and forced 
into vigorous growth with water and fertilizer. Cuttings 4 to 6 inches 
long are taken from June to October, leaving at least two strong leaves 
on the stock plant below the cut. Cuttings are rooted with or without 
hormones in a carefully sterilized medium held at a temperature of 65°F 
or higher. Rooted cuttings are potted in 214-inch pots. Early cuttings 
may require pinching to cause branching before they are potted. While 
single plants may be grown, usually three to five are planted in a 5- to 
8-inch pan. 

The poinsettia is very sensitive to low temperature (not below 60°F), 
drafts, and lack of water or sunlight. After flowering, plants may be kept 
in leaf for a month or so by adequate watering, after which they are cut 
back heavily and dried off on their side under the bench or in the cellar. 
They may be planted outdoors when warm weather comes. Such plants 
may make fair growth the second season provided they are pinched 
back to keep them stocky and are protected from too long day length in 
October. Home owners are often disappointed because of the inter-
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FIG. 10-3. The stocky poinsettia plant is a favorite at Christmas time. The true 
flowers are the small knobs at the top. (URI photo.) 

ference with bud formation caused by lights turned on evenings in the 
room used for the plants. . 

Cyclamen (Cyclamen indicum). The cyclamen is a popular flowering 
plant at Christmas and for the several winter months. It has an advan
tage over the poinsettia in that bloom extends over a long period, and 
thus plants not sold when first in bloom are still salable. The plant is not 
as sensitive to low temperature, but is equally demanding as to water. 
The plants do very well at a night temperature of 55°F. 

Plants are started from seed planted about 15 months before flower, 
ing plants are desired. Seeding is done from June to November in a loose 
friable soil which must be kept uniformly moist. A spacing of about 1 
inch each way is common. Germination takes place in about two weeks, 
and roots are produced. The seed then swells to form a small corm be
fore the first cotyledon appears aboveground some two months after 
seeding. 

When the · plants begin to crowd, the seedlings are transolanterl to 

I. 
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flats and spaced 2 inches apart. Subsequent potting and shifting to pots 

depends upon rate of growth, but should ordinarily not be delayed be

yond September if pot-bound flowers for Christmas flowering are de

sired. 
The cyclamen does not appear to be influenced by length of day and 

may suffer from full sunlight in summer. A minimum temperature of 

roOF is recommended for the first year of growth but may be dropped 

to 50°F in the fall before flowering. It is important to use sterilized soil 

and maintain pH at 6.0 and fertility at a reasonably high level. Fre

quent watering is necessary since the transpiration rate is high. 

Pest control may be a serious problem, cydamen mite being es

pecially troublesome. 
Azalea (Rhododendron indicum and obtusum). Two species of J apa

nese origin are those generally forced as greenhouse plants. Unfortu

nately, they are seldom hardy enough for outside planting in Northern 

areas. R. indicum is a large-flowered species known as the Indian 

azalea; R. obtusum var. amoenum has smaller early-flowering bloom and 

is known as the Kurume azalea. 

Azalea growth is largely controlled by temperature rather than day 

length. Bud formation proceeds at 65°F and above. Primarily vegetative 

growth goes on at lower temperatures. However, after terminal-flower

bud formation, an extended period of high temperature may result in 

renewed vegetative growth from just below these buds and abortion 

of the flower bud. Following flower-bud formation, a period of several 

weeks at lower temperature is normally required before forcing begins. 

Shade houses may suffice in the North, while artificially cooled rooms 

are required in the South. 
It is important to store plants so as to avoid loss of leaves. Azalea 

leaves are very sensitive to ethylene and other gases given off by fruits 

and vegetables. At a storage temperature of around 50°F, if light is not 

provided, respiration may be so high that leaf fall occurs from carbo

hydrate starvation. However, at 40°F or lower, storage in the dark for 

seven weeks has been reported possible without leaf fall. Upon re

moval from storage, plants may be forced at 50 to 80°F in full light or 

partial shade. A two-day period of adjustment may be reqUired before 

exposure to full sunlight, dul"ing which shade is provided and plants are 

especially well watered. 
Azaleas may be propagated by cuttings or by grafting. With the Ku

rumes, two-inch cuttings with the lower leaves removed are placed in 

acid sand or sand and peat mixture and held at roOF with high humidity. 

Rooting hormones are. frequently used. Indian azaleas may be rooted 

from cuttings also, but are frequently veneer- or cleft-grafted to an un

derstock of R. mucronatum (Azalea indica alba), which was produced 
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from cuttings and trained to a single stem. Grafted plants usually take at 
least two years to reach forcing size. 

Soils for azaleas should be water-retentive yet well drained. The use of 
25 to 50 per cent peat in the mixture is helpful. A reaction of pH 
4.5 to 5.5 should be maintained. Fertilizers with an acid reaction are 
used. A relatively low level of balance fertility is best. Light green foliage 
indicates lack of nitrogen. A chlorotic condition with green veins is 
typical of iron deficiency. This may be induced by too alkaline a soil, 
poor root growth caused by either lack or overabundance of water, high 
soluble salts, or poor aeration. If poor soil conditions are not directly in
volved, a foliage spray of ferrous sulfate (1 pound in 25 gallons of 
water) may correct the difficulty. 

Azaleas are pruned to modify growth and to satisfy consumer de
mand. If temperatures induce Hower-bud formation in small plants, cut
ting back the tips may stimulate a renewal of vegetative growth and 
thus produce a larger plant. If market demand requires a Hat top to the 
forced plant, shearing for this purpose may be required. 

Plant~ may require some shading with cheesecloth or lath during the 
summer months and are normally forced in reduced light and at high 
humidity. The entire growing period may be in lath houses as far north as 
Long Island. If grown farther north, at least sash-house protection is 
needed during midwinter. 

Geranium (Pelargonium). The common geranium used for spring 
potted-plant sale and for bedding in Northern areas is one of the woody 
perennial pelargoniums native to South Africa. P. horiorum is most 
widely grown for potted and bedding plants. P. domesticum (Lady 
Washington type) is grown to some extent in the North for holiday 
sale. Flower-bud formation requires lower temperature than is normal in 
the South. There are several other species grown for scent or fancy-leaf 
characteristics. 

Propagation from terminal- or leaf-bud cuttings is relatively simple. 
With the latter, it takes about four weeks longer to develop salable 
plants. Cuttings taken- from field plants in September may be grown in 
greenhouse benches as stock plants for early-spring propagation. Field
produced cuttings from southern California are also used. Plants of P. 
horiorum suitable for bedding may be produced in three to four months. 
Plants of P. domesticum for spring sale in Northern markets are usually 
started in September. 

Cuttings root readily with or without hormones. No special cut is 
necessary, and only lower leaves need be removed. Insertion in sand, 
vermiculite, or soil which is well supplied with moisture is all that is 
required. After the first two or three days, the cuttings will stand full 
sunlight. With cuttings from rapidly growing plants, rooting should be 
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accomplished in three weeks. "Hard" -grown plants require a longer 

period for rooting and are therefore more subject to disease infection. 

Constant-water-Ievel systems have proved especially valuable. A mini

mum temperature of 60°F is recommended. 

A moderately fertile well-drained soil with a reaction of pH 6.0 

should be used for potting. Plants grown rapidly will produce blooms 

sooner than those restricted by lack of water or fertility. Geraniums are 

especially sensitive to potassium deficiency, evidenced as drying and 

dying of leaf margins. Lack of phosphorus is evidenced by dwarfed 

very dark green leaves. Small size and light green coloring is a sign of 

nitrogen deficiency. Since plants are normally grown in pots and thus 

have a restricted root system, lack of water and nutrients may occur 

rather quickly. For transplanting and customer satisfaction, well-grown 

branched plants do better than those which have become pot-bound 

and leggy from crowding of either roots or tops. 

Geraniums (P. hortorum) will withstand temperatures close to freez

ing but make little growth below 50°F. Flower buds are made at any 

temperature which supports growth, a minimum of 55 to 60°F being 

best. Pelargoniums (P. domesticum) are sensitive to high temperature 

and form flower buds only at 60°F or lower. This explains their failure 

to bloom in the summer in many sections of the United States. Full 

sunlight is best for both species and explains much of the failure to 

bloom during the winter. 
Plants may be pinched to induce branching, but this delays flowering. 

Wider spacing will usually accomplish the desired branching without 

the loss of early blooms. Because of the ability to grow at relatively low 

temperature and flower-bud formation at these temperatures, P. domesti

cum makes a very satisfactory plant to grow in low-cost sash houses near 

Northern markets. 
Easter Lily (Lilium longiflorum). Although a bulb and treated in a 

general way earlier, the commercial importance of the Easter lily and 

some special problems concerning its handling warrant additional treat

ment here. While other species are Widely grown in gardens and green

houses for forcing year round, L. longiflorum is the most valuable for 

florist production. It is grown for cut flowers and as a Sf xial holiday 

potted plant. Since the date of Easter varies from year to year, a knowl

edge of the basic conditions influencing rate of flower development is 

necessary. 
Bulbs of this species are normally produced by specialists from scales 

and stem b1Jlblets. While seed propagation is possible with many other 

species, L. lollgiflorwn does not come true. Natural bulb increase is not 

rapid enough for commercial production. It takes two to three years to 

produce salable bulbs from scales and bulblets. 
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FIG. 10-4. Potted lilies are a major Borist plant at Easter. Proper timing is very important. 

Digging bulbs and subsequent storage treatment have a marked in
fluence upon timing and number of flowers. Bulbs should not be har
vested until mature, which will mean up to eight weeks after full bloom 
in the field. After careful harvest, immediate storage is recommended. 
A temperature of sooF for 'five weeks results in early bloom. Longer 
storage at this high temperature causes a reduction in number of 
blooms. Storage at low temperature-31 to 32°F-does not reduce num
ber of blooms and may be continued for several months. A minimum 
storage period of six to eight weeks is necessary for maximum rate of 
forcing. There are some varietal differences which cannot be detailed 
here, but the importance of proper storage prior to planting cannot be 
overemphasized. It is important to deal with experienced and reputable 
produrers and to handle bulbs properly after purchase. 

Bulbs are planted in moderately fertile soil in the pots in which they 
are to be sold. Additional nitrogen may be supplied as a nutrient solu
tion at weekly intervals after the tops are well started. Maintaining an 
adequate water supply is especially important, and failure may result 
in fewer buds developing, leaf injury, and blasting (flowers failing to 
open normally). A minimum temperature of 60°F should be maintained. 
Higher temperatures tend to hasten blooming and to elongate the stems, 
while a lower temperature has the reverse effect. Artificial light has no 
influence at high temperature but may increase rate of development 
at IO\h r temperatures. Light may also be used to increll:se stem length. 
While rate of development varies with harvest maturity, subsequent 



Indoor Floriculture 269 

storage treatment, variety, and forcing conditions, a rough figure is six 

weeks from first leaves to the time buds show and another six weeks to 

first bloom. This means from 110 to 120 days from planting to sale. 

When used for cut flowers, stems may be cut just before the first 

flower opens. Flowers will then open in the retail stores. Potted plants 

with the flower head at this stage may be stored in the dark at 40°F for 

a week or more without loss. When plants are removed from storage, 

time must be allowed for the soil ball to warm before the top is sub

jected to high transpiration rates (full sunlight). At low temperatures, 

the roots fail to absorb water rapidly enough to prevent injury to the 

top. 

Bench Crops 

Roses (Rosa). Greenhouse roses are mostly hybrid tea varieties usually 

grafted on R. noisettiana understocks. They may be grown in beds or 

benches and are in almost continuous production over a period of three 

to five years. Under natural conditions, the number of blooms produced 

will be positively correlated with the food supply provided by photosyn

thesis, and thus with sunlight. By controlling temperature, water, nutri

ents, and especially growth, by pinching, the time of flower production 

may be more or less controlled and made to fit market demand. 

Roses may be grown in 5 to 6 inches of almost any type of soil pro

vided it has been well supplied with nutrients and water. A soil reaction 

of pH 6.0 to 6.5 is desirable. Naturally, a well-manured and fertilized 

heavy soil is more likely to supply desirable conditions than a sandy soil 

low in organic materials. It is these more favorable growing conditions 

that are important-not some intrinsic value of clay soil or manure. Beds 

may be better than benches because they allow for deeper rooting, and 

thus greater nutrient and water reserve. The plants in beds are at a 

more convenient height for pruning and harvesting and therefore easier 

to handle. 
Bare-rooted or potted plants are usually planted from 12 to 16 inches 

apart, between January and June. They should be thoroughly watered 

to settle the soil. Humidity should be kept especially high until the 

plants are well established. The first huds are usually removed as soon 

as they appear in order to encourage breaks (new shoots) from the 

base and the development of a larger, stronger-growing plant. Plants 

are trained to stakes 5 to 6 feet high. A No. 9 gl).lvanized wire, painted at 

the base with asphaltum paint to prevent rust, makes a good support. 

A night temperature between 58 and 62°F is desirable, with day tem

peratures at 70 to 75°F, depending upon sunlight. High humidity (75 to 

85 per cent) is desirable for the production of long stems. The humidity 

should never be high enough to allow moisture to condense on the foliage 
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at night, since this condition would favor mildew and black spot dis
eases. Ventilation is necessary to control temperature and humidity and 
to supply carbon dioxide and provide air circulation. 

Watering is especially important with roses, since even temporary 
drying out causes hardening of the tissue. The rose is a heavy user of 
water and thus depletes the supply rapidly. In determining the need for 
watering, it is wise to check the bottom of the bench as well as the top. 
Automatic watering has been successful with this crop. 

Heavy applications of nitrogen during the slow-growing period in the 
winter may result in yellowing of the leaves. Leaching is the recom
mended remedy. Syringing is often practiced to control red spider, but 
unless conditions are favorable for rapid drying, this practice leads to 
increased difficulty with disease. 

B c o 

FIG. 10-5. The bud in the leafaxils is frequently referred to as an "eye." In cutting a rose stem, remove the shoot back to an eye, as in D, not as in B or C. 

Pinching influences type of growth and time of flowering. It takes 
from six to eight weeks from the pmch to harvest, depending upon the 
time of year. A pinch between October 21 and 25 should give blooms 
for Christmas. Seven weeks ahead should be enough for Easter flowers, 
and about six weeks for Memorial Day. Some growers strive to have 
flowers only for special markets and pinch all their plants. Others 
may wish to have continuous production and so practice pinching on a 
limited scale only. 

A 80ft pinch involves taking oH two to three nodes from the top. 
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and this will induce longer-stemmed flowers but delays development 
from three to seven days. The soft pinch is practiced to develop better
branched plants. A hard pinch is made by cutting back to hardwood. 
The cut should leave at least two strong eyes, since new shoots are 
seldom developed from the axil of lower leaves. Removing more leaves 
than is necessary to cause the break of new shoots results in a weaker 
plant because of reduced food-manufacturing capacity. 

Some growers plan to rest the plants for a period, usually during the 
summer, when demand for greenhouse flowers is low. Following the tak
ing of the crop for Mother's Day or Memorial Day, water is withheld 
enough to cause leaf fall but not shriveling of the wood. The canes are 
then cut back heavily, and water is applied to stimulate new growth. 
Another method involves removing the plants and placing them in cold 
storage at 25 to 40°F for about three weeks. During this interval, soil 
may be renewed or sterilized. The roots are then replanted. Fertilizing 
is usually delayed until growth is well started. 

Some growers have found little advantage in resting the plants and 
simply cut them back severely to develop a lower plant. Cutting back 
may be selective as a plant becomes too tall or goes out of production, 
thus taking an extended period to perform the job. This is known as 
gradual cutback. 

Harvesting roses at the proper stage of development is important. 
There are variety differences which make it wise t9 cut at the first sign 
of color (Prenet type) or at full bud (Premier group). Both early
morning and late-afternoon cutting may be practiced. Flowers harvested 
in the afternoon of a sunny day will have more stored food and will 
keep slightly longer. The flowers should be placed in tall cans of water 
for a period before packing and are usually iced for summer shipment. 
The yield of blooms per square foot per year varies considerably with 
varieties. 

Carnation (Dianthus caryophyUus). The caraation is also a perpetual
flowering type of greenhouse plant, but is usually maintained for only 
one year, or at the most two years. Progressively fewer breaks come from 
old hard tissue, and therefore production declines. Carnations are a cool
temperature crop and therefore less expensive to produce than are roses. 
The amount of winter sunlight influences flower quality. Shading may be 
required in the summer to reduce the temperature. Because of unusually 
favorable weather conditions, mass production of this crop is con
centrated in New England, Lancaster County, Pennsylvania, and Denver, 
Colorado. 

Carnations may be propagated from cuttings made from the side 
shoots which develop rather freely on the flowering stem. Commercial 
plant production is from "mother blocks" grown for propagation only 
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and not allowed to flower. Cuttings are all terminal. Hormone root 
treatment helps, hut is not necessary. Cuttings are taken from December 
to March and should root in three weeks with bottom heat (60 to 65°F) 
in a cool house (55°F). They are usually transferred to pots or flats and 
grown on until planted in the field in early spring or directly into the 
flowering beds somewhat later. Field planting allows the use of the green
house for a later spring-flowering crop, but increases the chances of dis
ease. Growing in pots may be safer from the standpoint of disease, but 
involves greenhouse space, the expense of pots, and the labor of shifting. 
Plants should not be allowed to grow on in small pots until they become 
potbound. The young plants are pinched at the three-node height' and 
as necessary subsequently to ensure sturdy, well-branched plants. Direct 
benching of rooted cuttings may be desirable. 

Plants are benched late in June, July, or early August in a sandy loam 
soil of moderate fertility, with a pH of 5.5 to 8.0. It is important to sterilize
the soil thoroughly. Spacing may be as close as 4 by 6 for some varieties, 
while others may require 8 by 8. Wire and string supports are provided 
as the plants grow. It is important that the soil be well aerated. A night 
temperature of 48 to 50°F and a humidity of 50 to 60 per cent give good 
results. 

It takes from 10 weeks (spring) to 15 weeks (fall) from pinching to 
bloom. As the flowering stem develops, secondary lateral buds appear 
in considerable number. It is important that these be removed by "dis
budding" as promptly as possible. To ensure strong stems, the tempera
ture should be kept low and the nitrogen level relatively low also. 
Weakness also may be due to low light intensity and low phosphorus, 
calcium, or potassium. It is important to provide balanced nutrition. Un
der poor growing conditions, the calyx may split. Carnations should be 
cut when fully open and placed in deep containers of water. A yield 
of 30 to 35 blooms per square foot per year is a reasonable objective. 

Aphis, thrip, and red spider are common pests. 
When plants are carried over for the second year, they may be cut 

back heavily any time from April on. The beds should not be dried off, 
as is sometimes practiced with roses. Additional applications of super
phosphate and tankage are recommended. 

Chrysanthemum (Chrysanthemum morifolium). Chrysanthemums are 
one of the most popular and widely grown commercial florist crops. They 
are sold both as potted plants and cut flowers. Bud set and flowering 
are strikingly controlled by temperature and day length. By controlling 
these conditions, they are flowered throughout the year. California and 
Florida are important sources of field-grown flowers. Some "mums" are 
grown in practically every general greenhouse range throughout the 
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country, either during the fall or by controlling light during much of the 
season. 

Chrysanthemums are available in a wide variety of types, colors, and 
sizes. The most common types are the pompoms, which have small 
flat or globular flower heads. They may be small button types of les:i 
than 1 inch in diameter or flowers up to 3 or more inches. The inter
mediate types, with individual flowers from 1 ~ to 2 inches in diameter, 
are most popular commercially. So-called singles, anemones, and large
flowered commercials are also grown. The latter is second in importance 
only to the pompoms.' The difference in flower size may be a matter of 
inheritance, culture (including spacing, fertilization, and pinching), 
or a combination of both. The flowers of chrysanthemums keep well and 
are well adaptable to most floral uses. 

Chrysanthemums may be propagated by seeds, cuttings, divisions, 
and grafts. Seeds are used in developing new types and varieties, and 
divisions for increasing established garden varieties. Commercial produc
tion depends largely upon cuttings. So-called stock plants from which 
cuttings are secured may be developed directly from cuttings without 
ever flowering or from plants saved after a crop of blooms is harvested. 
Large vigorous plants will develop rhizomes at a temperature of 55°F. 
When the upright growths from these rhizomes reach a height of about 
10 to 12 inches, a 4- to 6-inch cutting is taken. This forces numerous 
breaks, which, in turn, are taken as cuttings. 

Pest control in stock plants is very important. Soil treatment with 
sodium selenate, 1 ounce to 100 square feet, two weeks after planting, 
has been helpful. The chemical is taken in by the plant and helps con
trol aphis, thrip, midge, and mites. Spraying may be employed also, 
and frequent applications are worthwhile. Aerosol bombs make gassing 
simple. 

Because of the influence of day length on flower-bud differentiation, 
cuttings taken during the short days prior to April 20 (at 42° latitude) 
give poor results unless artificial light is used to lengthen the day. The 
bulk of the cuttings are taken in June and early July. Four-inch ter
minal cuttings root readily in sand or other rooting media. They should 
be moved promptly, before the roots are over 1 inch long, to soil in pots 
or directly to the growing beds. Growth should not be allowed to 
slow up enough to cause any hardening of tissue. 

Chrysanthemums will grow in almost any well-drained soil abundantly 
supplied with phosphorus. A soil reaction of pH 6.0 is best. A com
plete fertilizer such as a 7-7-7 is frequently used at the rate of 2 pounds 
per 100 square feet, four to six weeks after planting, and again three 
weeks later. With pot-grown plants, about one teaspoonful of the 7-7-7 
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per 6-inch pot may be used about six weeks after potting. Extra nitrogen 
may be necessary at two-week intervals when the plants become pot
bound. Extra-heavy fertilization may result in too-vegetative plants. 
Liquid fertilization may be substituted for the dry chemicals. 

Spacing plants in the beds depends upon the type of bloom being 
grown and the number of stems per plant. A spacing of 6 by 6 inches 
for large single blooms and some spacing combination providing about 
60 square inches of bench when two to three flowers are grown per 
plant are common. The wirlth of the bed may help determine whether 
the spacing should be 1 by 8, 8 by 8, or 1 by 9 inches. 

Plants should be ready for benching two to three weeks after the 
cuttings are taken. Plants are grown without pinching until 7 to 14 
weeks (depending upon variety) before blooms are desired. At that 
time, all plants are pinched back to a predetermined level. They are 
given support on wire or wire-and-string frames. A welded wire frame 
of suitable spacing may be placed over the plants shortly after planting. 
By moving it upward as the plants grow, support is secured with a 
minimum of labor and expense. Chrysanthemums require large amounts 
of moisture for best growth. However, the once commonly recommended 
practice of syringing plants should be avoided, since leaf nematodes 
and septoria leaf spot may be spread by this means. Other means of se
curing high humidity and controlling spider mite should be found. 

Disbudding and thinning are both practiced in the growing of this 
crop. Disbudding is common on the large-flowered varieties. As with 
carnations, the secondary and competing buds should be removed 
promptly so that all strength will go to the main flower. With pompoms, 
it is often desirable to thin out the shoots to secure better-spaced or bet
ter-sized blooms. Methods vary according to both variety and market 
demand. 

Snapdragon (Antirrhinum maius). Snapdragon is naturally a summer
blooming plant from the Mediterranean area. By selection, varieties 
which are much less influenced by day length were developed and in
troduced to the trade about 1926. By 'selecting varieties of both types, 
year-round production is secured. It is one of the more important cut
flower florist crops. Although it is a perennial, it is handled as an annual 
in the greenhouse. 

Snapdragons may be propagated from seed or cuttings. Low cost and 
freedom from disease are points in favor of seedage. The very small 
seeds are pressed into media held at 55 to 60°F. Sphagnum moss and 
mica are both good for seeding, especially from the standpOint of 
moisture control. It takes about five weeks from seeding to pricking 
off. 

Seedlings may be planted directly into the beds for most rapid 
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growth. Where this is not practical because the space is in use, trans
planting to 214-inch pots or 2 by 2 inches apart in flats is practiced. 

Pinching plants to retard development or favor branching may be 
practiced. The harder the pinch, the greater the reduction in growth 
rate. A second pinch still further delays flowering. The trend is toward 
closer planting and no pinching. This results in a shorter growing period 
and thus 'more efficient use of bench space. Light, temperature, and 
variety are other factors influencing time of bloom. Best growing tem
perature is about 50°F at night. Higher temperatures result in weaker 
stems and fewer flowers on the spike. Low light intensity may reduce 
flower quality also. 

Snapdragons may follow well-grown chrysanthemums without addi
tional fertilizer until the buds appear. Often soil which has produced 
chrysanthemums (heavy feeders) may require leaching before snap
dragons are planted. Foliage injury results from too high soil salt con
centration. A little nitrogen may be required when buds appear. Main
taining a steady moisture supply is important. Dried out plants become 
hardened and seldom recover. However, wetting the foliage should be 
avoided as a means of limiting disease. 

Flower stalks are cut when a few of the florets are open on the spike. 
The exact stage depends somewhat on the demand of the particular 
market. Length of spike considered most desirable also varies with the 
market. Snapdragon flowers are very susceptible to injury from ethylene 
gas and should not be stored with fruits or vegetables which give off this 
gas. Since the snapdragon itself produces considerable ethylene, storage 
in tight containers or large, tight bunches is not advisable. Affected 
flowers fall off the spike. 

QUESTIONS 

1. Discuss methods of soil pasteurization. Give advantages and disadvantages 
for at least two methods. 

2. How may watering the greenhouse bed be handled automatically? 
3. What is soilless culture? Does it have practical application in research, 

commercially, or in the home? 
4. With what plants is artificial lighting successfully employed? 
5. When may very high humidity be undesirable in the greenhouse? 
6. Why is ventilation important in greenhouse management? 
7. What are some of the most important potted-plant crops? Which are of 

special importance at certain times? When? 
8. Will bulbs always develop flowers in the same length of time following 

removal to high temperature? Why? 
9. What special consideration must be given to the culture of the poinsettia? 

10. How long does it take to produce a salable cyclamen plant? 
11. What effect does ethylene gas have on stored azaleas? 
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12. Why do geraniums often fail to bloom in the winter? 
13. How do you time the forcing of Easter lilies? 
14. How long may rose plants be grown under glass? 
15. What is the difference between a soft pinch and a hard pinch on roses? 16. Would you plant carnations outdoors for the summer or directly into the greenhouse bed? Why? 
17. What influence does light have on the blooming of chrysanthemums? What is done about it? 
18. What planting and pinching practices would you recommend for the handling of greenhouse snapdragons? 
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CHAPTER 11 

Tree Fruits (Pomes) 

The growing of tree fruits is an important home and commercial enter
prise in most sections of the country. Moreover, a study of cultural 
practices followed in this industry will illustrate several basic plant 
responses and is therefore of general interest. 

APPLE [Malus sylvestns (domestica)] 

The apple, the most important pome fruit, is produced on trees which 
normally begin to fruit when from six to eight years of age. They may 
continue in economic production for 40 to 50 years. Therefore a life
time investment is involved, and errors in variety or site selection and 
cultural practices become especially costly. 

Apple trees bloom relatively early in the season, and late frosts may 
cause loss of crop. The trees are fully exposed to winter cold, and pro
tection of any kind is not practical The inHuence of elevation and 
bodies of water on late-spring frosts and intensity of cold during the 
winter has been discussed in Chapter 3. Since_ irrigation is not practical 
in m~ny sections, a deep water-retentive soil .is very desirable. The com
mercial production of fruit requires considerable acreage for a unit of 
sufficient size to be operated economically. The location of an adequate 
amount of suitable soil is becoming increasingly difficult. In many areas, 
the best orchard sites are considered ideal for select real-estate develop
ments, and they have been bought up for this high-value use. 

Red Delicious is still the most important apple variety, followed 
closely by McIntosh. Other important varieties include Rome Beauty, 
Winesap, York Imperial, Jonathan, Baldwin, Northern Spy, Rhode Island 
Greening, Gravenstein, Cortland, and Yellow Delicious. The recom
mended variety list will vary according to market outlet and climate and 
should be determined locally. 

277 
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ORCHARDS 

The successful management of an orchard involves a number of de
cisions and practices. Many of these apply equally well to the several 
deciduous fruits. The discussion below applies specifically to the apple, 
but application may be made to similar fruits. 

Establishing the Orchard 

Fruit-tree varieties do not come true from seed and are therefore 
normally propagated asexually by some method of graftage, usually 
budding. The root system, or stock, is usually a seedling, although slow
growing stocks are reproduced vegetatively for dwarf trees. The seedling 
stock used for budding may be one, two, or even three years old. Bud
ding to the desired variety is usually done in August. While the cam
bium tissues unite within a week or two, no shoot growth takes place 
until the following spring. At the end of one year of growth from the 
bud, the tree is referred to as a one-year whip, no matter how old the 
root system may be. Trees with two and three seasons' growth from 
the bud are called, respectively two- and three-year ntusery trees. 

Planting Young Trees. Planting one-year whips in the orchard has sev
eral advantages. Proportionately more of the root srtem may be moved 
in transplanting, and thus there is less checking of growth Side branches 
may be selected during the first season to provide the best possible ar
rangement. Undesirable shoots may be pinched back as they start, so 
that maximum strength goes into the preferred branches and less heavy 
pruning is necessary later on. Large well-grown one-year trees are evi
dence of a good union between stock and bud, or cion. a condition which 
may be masked in an older cut-back tree. Moreover, since such trees re
quire less time in the nursery and less space for shipping, they may be 
sold at a lower price. Experience has shown that little or nothing is 
gained by planting older trees. Actually, because of the heavy pruning 
necessary to balance top and roots, fruiting of the older trees may be 
delayed beyond that of the younger. Because of the lack of correlation 
between age of nursery tree and time of fruiting, the age of an orchard 
is calculated from time of planting. 

Trees may be planted in either early spring or late fall. Fall planting 
of well-matured nursery stock has the advantage of a greater develop
ment of roots before buds open in the spring. However, there is danger 
of the newly planted trees being killed during extremely cold winters, 
and therefore spring planting is preferred in the Northern states. Tests 
have shown that the earlier trees are planted, the greater the first season's 
growth. This is due to the fact that roots will start growth at a relatively 
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FIG. 11-1. A well-grown two-year tree before (left) and after (right> pnming to 
develop well-spaced scaffold branches. Much (lf the advantage of a larger tree is 
lost in pruning. ~. 

lower temperature than the buds in the top. This earlier start increases 
the chance of roots supplying sufficient water and nutrients for a large 
and rapid top growth. 

Planting Systems. Planting systems may be determined by topography, 
the need for soil-erosion control, the need for maximum use of land, and 
convenience in management. On-steep slopes, placing the tree rows 
along the contour lines will reduce the chances of erosion, the danger of 
upsetting sprayer and other vehicles, and the wear and tear on equip
ment. Such an arrangement may result in fewer trees per acre and some 
short rows. However, contouring by conserving water and soil fertility 
may result in higher yield per tree. Any inconveniences from short rows 
may prove more psychological than real. 

Planting trees at the corners of a square is very common and is a sim
ple method. It does not allow extra room in one direction for the sprayer 
and harvesting equipment, however, and when trees become mature 
and crowded, cutting back along the traveled alley may be neces
sary. Planting at the corners of an oblong (40 by 50 feet) instead of a 
square (40 by 40 feet) makes allowance for traffic but reduces the 
number of trees per acre. However, with the more general use of large 
air-blast-type sprayers with a fixed spray pattern, the hedgerow develop-
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FIG. 11-2. A one-year tree, or whip, just after growth has star.ed (left) showing 
how well-spaced scaffold limbs may be selected by de-shooting (right). 

ment favored by oblong planting may be more desirable than more 
trees per acre. The quincunx system, whereby a tree was planted in 
the middle of each square, and the triangular system, where trees 
were planted at the apexes of an equilateral triangle, have gone out of 
favor. While they produced more trees per acre, these systems resulted 
in tree crowding sooner and tended to increase cost and difficulty of 
management. 

In planting an orchard, the organization as to roads, pollinizing 
varieties, water lines, etc., should be worked out on the basis of the so
called permanent trees-in the case of apples, trees spaced 35 to 50 feet 
apart and intended to remain in place for the life of the orchard. Such 
spacing leaves very large unused areas while the trees are small. Trees 
which may he planted between them are called fillers. Such trees may 
be of a different species, such as peaches or sour cherries, or other apple 
trees of the same or of a different variety. 
, Filler trees, to he practical, must meet a numher of requirements. 
They should hegin to hear quickly, bear each year, be relatively inexpen-
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sive, require similar cultural practices, and not intedere with the proper 
development of the permanent trees. Peaches were used extensively as 
filler trees for many years in orchards that could be cultivated. Besides 
requiring cultivation, which is not always practical from the standpoint 
of erosion, and because of a difference in tolerance to certain spray 
materials considered necessary for apples, peaches and other stone fruits 
as fillers lost favor. The development of new insecticides and fungicides 
removed this latter problem to some extent. 

Apple varieties which come into bearing at an early age and develop 
into small-sized trees are commonly used as fillers. However, since the 
trees must be removed while still vigorous and bearing heavily, the job 
is usually delayed until serious intederence with the permanent trees 
has taken place. Roots of trees normally extend far beyond the spread 
of the branches, and thus crowding of the roots takes place before this 
fact is generally recognized. 

Planting Methods. The nursery trees should be prevented from drying 
out and planted so as to ensure good soil contact with the roots. The 
prospective orchard area is usually marked out with stakes lu..:ated by 
sighting from base lines established about the field. A planting stick 
notched in the middle is then placed on the ground, with the notch 
against the stake. Pegs are placed at the ends of this stick to mark its 
position. The planting stick, together with the tree stake, are then re-

Planting board about 
stoke with pegs 

Board removed 
and hole dug 

Board in place t9 
properly locate trfe 

i 
FIG. 11~'3. Planting board used to put trees in exact location of stakes previously 
lined up as desired. 
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moved to permit digging of the hole. Later, by placing the planting stick 
between the pegs, the desired location for the tree is readily deter
mined (Figure 11--3). 

A hole should be dug large enough to permit the spreading of the 
roots. No special soil preparation is recommended. The use of fertilizer, 
manure, or compost in the hole may favor early growth but tends to re
strict the root system to this limited area. Rapid root penetration 
throughout a large mass of soil is very desirable. This result is brought 
about by favorable fertilizer treatment of the entire soil volume. 

The trees are planted at about the same level as they were in the 
nursery, determined by the bud union which was just above ground 
level. Especially in heavy soils, deeper planting may result in loss of 
roots due to low oxygen supply. Firming the soil about the roots is very 
important, and water may be used for this purpOse if the soil is extremely 
dry. 

SOU<man'agement Systems. All horticultural crops considered up to this 
point have been grown intensively under clean culture. Commercially 
valuable vegetable and flower crops could not be grown if grass or weeds 
were allowed to compete. Apple trees, however, will compete success
fully with most ground covers onCe the trees are established. The differ
ence in response is due largely to the deep and extensive root system of ' 
the tree. Until the root system is well established, even apple trees will 
grow poorly unless clean-cultivated or otherwise favored by mulches or 
heavy fertilization. 

FIG. 11-4. One method of thinning out trees is to remove every other row. Trees are 
easily sprayed and otherwise managed. Trees crowd from the sides sooner than in 
the system pictured jp Fig. 11-5. 



Tree Fruits (Pomes) 283 

Clean culture is generally preferred for young trees. Cultivation 
should begin before growth starts in the spring and continue until mid
summer when a cover crop is planted or weeds are allowed to grow. The 
early cultivation eliminates competition for water and nutrients during 
the first few weeks when most of the terminal growth is normally made. 
The cover crop later in the season, by competing for water and nu
trients, tends to slow up vegetative growth and increase winter hardi
ness. The use of cover crops also reduces the rate of organic-matter de
pletion and limits soil erosion. Late-season cultivation may induce late 
vegetative growth which is not tolerant to cold, increase danger of soil 
erosion, and permit deeper freezing of the soil, with possible root injury. 
Cultivation is of some value in insect and mouse control also. 

Sod culture is widely practiced and is a relatively inexpensive system 
to maintain. Conmonly, young orchards started in clean . culture are 
planted to a grass or legume after about five years. The trees are usually 
well established by then, and the check in growth induced by increased 
competition with the grass tends to favor the formation of fruit buds. 
The possible variations in sod systems as to fertilization, type of plant 
grown, and methods of control vary from region to region. In some 
areas, sweet clover is practical and, as a legume, may produce valuable 
mulch material high in nitrogen. However, mowed stems may puncture 
dropped fruit, and the tall growth may interfere with light to the lower 

FIG. 11-5. In this system, every other tree is removed. in every row. The trees are 
less crowded than in the other system (Fig. 11-4), but orchard operations such as 
spraying and mowing are more difficult. This system is less weIl adapted to orchards 
sprayed with the newer air-hlast machines. 
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branches. : Clover may be knocked down instead of being cut, but then 
makes an 'excellent breeding place for rodents. Ladino clover is also val
ued in some areas and does not have the tough stems which puncture 
fruit, nor the shading effect. However, maintaining a good stand is some
times difficult. Orchard grass, because of the tuf~ike growth, greatly fa
vors mice. Alfalfa, because of very deep rooting; ' may compete too 
actively for water. More research should be done on the growth charac
teristics and tree response to possible orchard covers. 

FIG, ,1l-6. Tree with well-spaced scaffold limbs under mulch system. 

Grass may be cut and left to rot in place or may be raked up and con
centrated under the trees. Removal of grass from the orchard is not rec
ommended. Rather, additional mulching material can usually be brought 
in to advantage. There is considerable evidence that the use of sufficient 
mulch, either grown in the orchard or brought in from the outside, con
stitutes the best cultural practice, especially when combined with sod. 

The8 ccasiomll breaking up of the sod by harrowing or shallow plow
ing is f equently recommended. In time, a sod may become so heavy as 
to reduce air movement in the soi~_or provide excessive competition for 
water and tltitrients. The danger will vary somewhat with . soil type and 
state of fertility. In very deep, light soils, where rooting is also deep and 
well distri~tlteql. breaking up the sod even by shallow plowing may not 
cause serious damage. On shallow and heavy soils, where a large propor
tion of the tree root system may Qe close to the surface, serious reduction 
in yield may result from _ plowing because of root injury. Equipment 
which cuts through the grass to improve aeration and control growth 
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without turning up the sod or ripping roots has ·merit. Some such tools 
may be used to replace the mower and chop up small prunings as well. 

The use of heavy tractors and sprayers results in considerable soil 
compaction and increases the need for occasional loosening of the soil. 
This is a particular problem in orchards in humid regions where much 
spraying must be done during or immediately after rains when the soil 
is wet and most subject to undesirable structural changes. 

FIG. 11-7. The Culti-cutter, which ' is used to work the prunings into the soil. (Cour
tesy Edwards Equipment Company.) 

Orchard Fertilization 

Soil depth, texture, and structure are usually considered of grea~er im
portance in the selection of a site than the soil fertility at that time. Fer
tilizer elements may be added at relatively low cost. While apples are 
tolerant to a great extent as to soil reaction, a pH of 6.0 to 6.5 is consid
ered desirable in the Northeast. Since soils are normally quite acid in 
this region, rather heavy applications of limestone are recommended. 
Some of the spray materials used to control insects and diseases tend to 
acidify the soil. For this reason and because of normal leaching of bases, 
lime applications must be repeated frequently. Since magnesium defi
ciency is frequently responsible for premature dropping of fruit and leaf 
scorch, high magnesium or dolomitic limestone is usually preferred. 

Tree roots permeate a large volume of soil, and hence 'a nutrient defi
ciency may show up less rapidly than with less extensively rooted vege
tables or flowers. When a deficiency does show, it may be assumed that 
the soil level of that element is very low and large amounts may be re
quired to restore an adequate supply. Magnesium deficiency has been 
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mentioned already. Boron deficiency, causing corklike areas in the fruit 
and premature abscission, is also increasingly general. Phosphorus and 
potassium deficiencies are probably more general than is realized, but 
failure of the soil to produce good cover crops may be the first indication 
that all is not well. To an increasing extent, good orchardists plan to use 
high magnesium limestone, borax, and a complete fertilizer every few 
years to ensure a good fertility level. Nitrogen may be used every year. 

Nitrogen fertilization is frequently the only treatment which will show 
immediate results. The amount of fertilizer used will depend upon gen
eral soil fertility, type of cover crop, age of tree, and, perhaps most im
portant, amount and type of growth being secured. A rule of thumb 
commonly used is % pound of nitrate of soda or nitrogen equivalent for 

. each year of the tree's age. Although this may be too much for the 
young tree under cultivation and not enough for the mature tree under 
heavy sod, it does provide a starting point for local experimentation. 

Using tree growth as a guide, average terminals of 12 to 24 inches are 
not too much on a young tree, while half that amount may be sufficient 
on older trees. Varieties differ widely. With the Delicious variety, fruit 
size may drop severely when terminal growth falls below 12 inches, 
while 6 inches may be equally satisfactory on McIntosh. Continued pro
duction of large high-quality fruits on the varieties Wealthy and Duch
ess may require much more vigorous vegetative growth than is neces
sary with Baldwin. Where winters are severe, earlier hardening of tissue, 
and thus less vegetative growth, may be desirable in order to avoid win
ter injury. 

Nitrogen fertilizer tends to strengthen the blossoms, improve per
centage fertilized, and thus increase crop. However, heavy early fertiliza
tion with nitrogen, if followed by a poor fruit set because of frost or dis
ease, may result in overvegetativeness of the tree and fewer blossom 
buds the following year. For this reason, 'nitrogen applications are some
times split and the second portion used, if desirable, after the size of the 
crop is determined. 

In order to ensure early terminal growth and good fruit set, applica
tions of nitrogen are usually made two to four weeks before blossom 
time. The materials are usually spread in a broad ring around the pe
riphery of the tree. Surface applications of readily soluble carriers such as 
nitrate of soda, ammonium sulfate, and ammonium nitrate are common. 
Where irrigation is used, ammonia may be added to the water. Fall ap
plication of a nitrogen carrier is recommended in some areas. If early 
enough to induce late vegetative growth, winter injury may result, and 
therefore these applications are less popular in the North than in the 
South. There is some evidence that a high nitrogen level in the tissue 
during the 1all, even without any resulting growth, may increase suscep-
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tibility to cold injury. If nitrogen can be taken up by the tree in early 
winter, there may be no adverse effects. Within the limits already men
tioned, time of application appears to make very little difference in 
amount of growth. 

Pruning 

Strong trees and good crops depend, in part, upon pruning. The cuts 
made to influence primarily the shape or form of the tree are often 
called training, although training need not be limited to pruning. Cuts 
made for the primary purpose of maintaining an established form and 
stimulating the desired type of growth throughout the tree are generally 
referred to as pruning. Much pruning may involve both objectives. In 
general, the emphasis early in the Ufe of the tree is on training. If well 
done then, training becomes relatively unimportant in the bearing tree. 

Pruning and Total Growth. Pruning, by removing potential leaf sur
face, results in a reduction of total volume of growth. In fact, very heavy 
pruning may be used to dwarf the tree. Moreover, pruning during the 
summertime by removing both foliage and branches has a greater dwarf
ing effect than pruning when the tree is dormant. Pruning, except when a 
dwarfing effect is desired, should be done as little as is consistent with 
the requirements of good tree structure, allowing for adequate spray 
coverage for good pest control and the entrance of sufficient light to 
produce highly colored and large-sized fruit. Heavy pruning, by greatly 
reducing the number of growing points without immediately affecting 
the root system, and thus the available moisture and nutrients, promotes 
a strong vegetative type of growth. Since the apple bears fruit primarily 
from spur buds, this very vegetative growth tends to delay fruit-bud 
formation and reduce the crop. One of the immediate effects of heavy 
pruning is an increased supply of nitJ:.ogen to the remaining buds. Nitro
gen is much more economically supplied as fertilizer. 

Pruning and Growth-habit Relationships. The natural growth and 
fruiting habit of a variety should be taken into account before pruning is 
begun. The Delicious variety naturally develops an upright type of tree 
with narrow-angled, and thus weak, crotches. The Rhode Island Green
ing tree normally produces wide-angled crotches and drooping branches. 
In the first instance, the point of origin of the first branch may be close 
to the ground, but the elimination of competing leader branches in the 
center and weak crotches are constant problems. With Rhode Island 
Greening, it must be assumed that low branches will be removed as the 
tree grows, and thus provision must be made in training for branches 
higher up. 

The bearing habit is also important. With a variety such as Baldwin, 
which has fruit buds almost exclUSively on spurs, slowing up vegetative 
growth to favor their development is more important than with McIn-
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FIG. 11-8. Unpruned three-year tree. In order to secure good scaffold-limb placement, 
removal of many branches will be necessary. Such heavy pruning will delay fruit
ing. It may be better to delay corrective pruning until the fruit-bearing habit has 
been established. 

tosh, where a considerable number of flower buds are formed on termi
nal shoots. With Northern Spy, repeated heavy pruning may delay fruit
fulness for from 15 to 20 years. The vigor of growth may ~e related to 
fruit size. For example, as noted earlier under fertilization, longer shoot 
growth may be necessary with Wealthy and even Delicious than with 
McIntosh or Baldwin in order to secure commercially acceptable fruit. 
As one means of stimulating vegetative growth, pruning may be in
creased or decreased according to variety and the general vigor of the 
tree. 

Pruning Season and Response to Type of Cuts. As indicated above, 
dormant versus summer pruning has a different effect on growth re-
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FIG. 11-9. Apple tree with strong limb unions growing in heavy sod. 

sponse. Not only is summer pruning more dwarfing, but less renewal 
growth usually results. The reduced demand for water and nutrients 
brought about by the removal of growing points will tend to favor 
greater and longer growth of those remaining. With dormant pruning, 
there is a tendency for adventitious shoots to develop near the location 
of the cut. In extreme cases, dormant pruning may induce the starting of 
so many buds as to produce a thick top of long unbranched vegetative 
shoots. If summer pruning is too severe or early enough, new growth 
may be stimulated also. Ordinarily, such growth continues so late that 
winter injury is likely to occur. Dormant pruning is usually recom
mended. 

The time of dormant pruning may make some difference in the inci
dence of winter injury. Following extremely cold winters, it has been ob
served that early pruned trees suffered more than others. There is also a 
difference due to severity. Heavy pruning, especially on weak trees, 
leads to greater damage. Injury may be greatest about large cuts. There
fore , where some pruning must be done early, light pruning of vigorous 
young trees should be done first. If large limbs are to be removed, it 
may be best to leave the final close cut until spring. The bulk of the 
pruning can be done early and the prunings removed, so as not to inter
fere with spraying, mowing the grass, or cultivation. 

In approaching the problem of removing a given weight of wood, two 
general methods are possible. A large number of branches may be 
headed back, or a smaller number may be eliminated. The response is 
quite different. Heading back normalIy results in the starting of several 



290 Introductory Horticulture 

buds almost immediately below the cut. The resulting growths are 
vigorous and tend to grow upright, possibly resulting in a narrow crotch. 
Thinning out branches usually results in the development of side branches 
on those remaining. Both methods are desirable under different circum
stances. With apple, however, thinning out is practiced more often, 

If a branch is cut back to a sizable side limb, few adventitious buds 
usually develop, and those which do start are easier to control, since 
much of the surplus water and nutrients go into the side branch. This 
should be kept in mind when one wishes to lower the top of a tree. A 
heavy load of fruit is one of the best methods of keeping a tree from 
growing too high. Light thinning out is likely to result in early and 
heavy crop production. 

Pruning at Planting Time. The first years in the orchard are most im
portant from . the standpoint of training. At planting time, no pruning 
should be done to the roots other than the removal of injured portions and 
necessary shortening to allow them to go directly away from the trunk. 
Except in rare instances, the hole should be large enough to hold the en
tire root system. 

One-year whips will have no side branches, and the only pruning 
usually necessary is the elimination of any winter-injured portions and, 
perhaps, the removal of the terminal bud. The terminal bud, by produc
ing auxins, may inhibit the development of buds lower down, resulting 
in few side branches being produced. The removal of most of the buds 
so that those remaining, selected for position, will be the only ones to 
grow has been tried. While this disbudding may have some merit, it is 
not generally practiced. However, a delayed disbudding can be recom
mended strongly. All buds which will are allowed to start, and when 
shoots are from 1 to 3 inches long, those best located are selected to 
form limbs and all others are either removed completely or pinched 
bac!; to ensure dominance of those selected. Branches developed in this 
manner usually have wider, and thus stronger, crotches. Excellent trees 
may be developed with almost none of the dwarfing effect resulting from 
pruning out unwanted branches the next spring. 

Two-year-old trees will have a number of side branches, most of which 
are poorly located for development of a good tree framework. Once the 
training system has been selected, this tree should be pruned to the de
sired system, even though it may, and usually does, mean the removal 
of all but one side limb. 

Establishing a Framework. As indicated earlier, the location of the 
lowest limb will be determined in part by variety characteristics. Cultural 
practices are also important. The first limb should be high enough to allow 
for cultivation and mowing without danger of trunk injury. The height 
selected will vary from 1 to 2 feet from the ground. It should be noted 
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that the location of a side limb never changes as the tree grows, but as 
it increases in thickness wood does come closer to the ground. This has 
a bearing also upon the distance between branches. What appears to be 
sufficient distance when they are small becomes much too little after the 
branches have increased in diameter. 

There are three general training systems possible. In the nrst, a single 
central leader is selected and side branches are developed along it. The 
side branches are all kept subordinate to the leader. This leader system 
results in a tall, narrow, but structurally strong tree. Because of in
creased labor costs in harvesting and caring for tall trees, the system is 
not in favor. 

The second system is the other extreme, where the leader is removed 
and several side branches starting close together are allowed to develop. 
Such open-center trees are structurally weak, subject to sunscald on the 
large limbs, and restricted as to bearing surface. However, they are easy 
to develop and, because of low height, easy to handle (pruning, spray
ing, and harvesting). The open-center system has' also lost considerable 
favor. 

Present training practice seeks to combine the strength of the leader 
system with the lower, more widespread features of the open-center 
tree. This modified leader system is the one generally recommended. 
However, the ideal tree varies considerably in different sections of the 
country. 

The training of the ideal tree involves the selection of three to nve 
main branches, well distributed around the trunk and spaced about a 
foot apart, each of which makes a wide angle with the trunk. Ideally, 
each selected main branch should have two to three well-spaced side 
branches to form the basic scaffold of the tree. Two to three years may 
be required to develop this scaffold system. 

If all but the selected branches are removed from one- to three-year 
trees, total growth may be reduced needlessly. It is important to select 
the main branches early and to prevent them from becoming crowded. 
However, numerous secondary shoots and branches may be allowed to 
develop while the tree is young. Growths not desired for permanent 
branches may be pinched back to keep them smaller. Such branches 
often fruit first and thus help to pay the costs of growing the orchard. It 
is important that they be removed before crowding takes place. 

While the system described above is simple, in practice far too few 
orchardists spend the extra few minutes during the growing season re
quired to pinch back unwanted shoots. Allowing them to grow too large 
and then removing them in the dormant season results in redUcing total 
growth and delaying fruiting. After a tree comes into bearing, fewer vig
orous vegetative shoots are likely to appear, and maintaining the basic 
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scaffold system is relatively easy. The extra time necessary while the 
tree is young is well spent. 

Pruning Bearing Trees. Pruning older trees should follow a definite 
pattern. All broken or diseased branches should be removed first, cutting 
back to a suitable side branch where possible. All suckers and water 
sprouts should be removed unless needed to repair rodent damage to the 
trunk or to develop new branches in the top. The next cuts, seldom neces
sary on a well-trained tree, should be aimed at improving structural 
strength. Once these three types of cut are made, the thickness of the tree 
may appear quite different than before. Further pruning should be aimed 
at improving the crop. 

Pruning to improve the crop includes the removal of weak inside 
branches, drooping branches, and a general thinning out of the bearing 
surface. Inside branches receive very little light, and fruit seldom sizes 
or colors well. Moreover, effective spraying is made more difficult by the 
presence of these inside branches, and thus pest control is likely to be 
poor. Drooping branches soon slow up in growth rate and produce poor 
fruit. 

The development of drooping branches is a constantly recurring phe
nomenon. New shoots tend to be upright in growth and, as they begin to 
bear fruit, are weighted down. With each succeeding crop, a smaller re
covery toward the vertical takes place and soon a new shoot develops 
from the top of the branch and the process is repeated. Removing the 
drooping branches as they become less productive is desirable. Addi
tional thinning out of the bearing wood may be necessary to provide 
better light to the remaining branches and to ensure good spray cov
erage. Generally, if the trees are pruned regularly, such cuts will involve 
small branches only. 

Renovation of Old Trees. The concept of orchard rotation has been 
growing, and the renovation, or making over, of old trees has lost favor. 
It is true that an old tree may be heavily pruned so as to develop strong 
vEgetative growth which may be trained into a new bearing surface. As 
noted earlier, heavy nitrogen fertilization should precede or accompany 
the pruning. The first step in renovation is the removal of dead, diseased, 
broken, and extremely weak wood. Existing water-sprout growth or that 
developing following fertilization and pruning should be thinned out to 
allow for good side branching. Old trees are usually too tall for adequate 
spraying and easy harvest. Therefore heavy cutting back to lower side 
limbs is frequently involved. The exposure of large limbs to direct sun
light often leads to a type of winter injury called sunscald. It is desirable 
to keep a canopy of small growth in the top of the tree to shade the large 
limbs. 

Some Spe<:ial Pruning Practices. The form of young bearing trees may 



Tree Fruits (Pomes) 293 

be changed to adjust to new pest-control methods, improve average qual

ity of fruit, or simplify harvest. The shift from individually controlled 

spray guns to fixed booms and air-blast machines requires that trees be 

of a uniform height and relatively more open. Many orchardists arbi

trarily set a maximum height for trees and cut off all higher limbs. An

other practice is to cut three to five channels, or passages, from the tree 

periphery to the trunk to ensure complete spray penetration. Such trees 

have been referred to as being pruned to a cloverleaf pattern. Advocates 

claim better distribution of light, increased bearing surface, and easier 

harvest. Other modifications include the development of hedges of trees 

by limiting the expansion of the tree both in height and width. While this 

would require more pruning labor, savings in other operations may still 

make it worthwhile. 
Filler Trees. The pruning of filler trees differs somewhat from that 

given permanent trees. Ideally, the same care in developing strong scaf

fold branches should be given, but a weakness is not as critical, because 

the trees will be removed before breakage and resulting decay become 

serious. Since the limbs will not be large during the life of these trees, 

closer placement is satisfactory. Early heavy pruning, which delays fruit

ing, should be avoided, even at the expense of the ideal structure. 

POOR GOOD 

FIG. 11-10. Crowding forces trees into an upright growth habit and eventually results 

in lower limbs becoming unproductive. Cutting back, or "fanning," filler trees results 

in maximum production possible without forcing permanent trees out of shape. (From 

E. P. Chri~topher, "The Pruning Manual," The 1I1acmillan ComlJany, 19.54. Usecl with 

permission of The Macmillan Company. ) 

The filler tree should never be allowed to crowd the permanent tree. 

Not only will it dwarf the permanent tree through competitiGn for wa

ter and nutrients, but by shading the lower limbs the lateral expansion 

and maintenance of vigorous growth near the ground will be hampered. 

Therefore, as soon as they begin to crowd, filler trees should be cut hack 

heavily and progressively. This will result in a narrower and narrower 

tree until need for removal becomes obvious. \1eanwhile, the permanent 
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tree has increased in size to fill the cleared space so that very little re
duction in acre yield is experienced. 

Some Special Considerations. Pruning cuts should be made close to 
the point of origin of a branch and in such a way as to leave a clean, 
smooth wound surface. Since conduction tissue runs parallel to the 
branch, healing of wounds is from the sides. An elliptical cut heals over 
more rapidly than a round one. Moreover, healing over stubs or projec
tions rarely takes place. 

Removing large limbs should be in stages. The first shallow cut should 
be several inches from the point of branch origin and on the lower side. 
The second cut from the top should be an inch or two farther from the 
point of origin. The first cut serves to prevent tearing of the bark beyond 
that point, while the second cut goes all the way through and thus re
moves the bulk of the branch. A third cut is made close to the point of 
origin, with special care. 

So-called bleeding of wounds is serious only in that it may encourage 
disease. The heavy spray program normally carried on in an orchard 
makes the protection of small wounds unnecessary. Painting large 
wounds with an asphaltum tree paint may be considered good practice. 
Disinfesting wounds and tools with alcohol is important, especially if 
the bacterial disease fire blight is a problem. 

Pruning Tools. Pruning tools should be sharp and so designed as to 
limit damage to the bark. Thus saws with teeth on two sides are of ques
tionable value when close work is done. Hand shears and loppers will do 
most of the pruning necessary in training. Power pruners and saws, work
ing on compressed air, are in general use commercially. In the hands of 
a skillful operator, sufficiently close cuts may be made very rapidly. 

The use of movable platforms to reduce the need for ladders is gain
ing favor. Some use buckets which may be controlled by the man doing 
the pruning. Where climbing is done, it is important that sof(.:s()led 
nonslip shoes be worn. Ladders with slipproof rungs are desirable alSo. 

FLOWER-BUD FORMATION 

Several references have been made to the effect of fertilizer and 
pruning upon fruiting. Buds on apple all start as vegetative buds, and 
if conditions are right, some continue to develop into compound, or so
milled fruit, buds. Young trees and strongly growing shoots on older 
trees produce buds which seldom develop beyond the vegetative stage. 

The development of Bower primodia, as well as leaf structures, 
within an apple bud is determined by internal conditions rather than by 
length of day as with chrysanthemums, discussed earlier (page 241 ). These 
conditions must be right at a certain time of year, usually two to four 
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weeks after normal blossom time, the season before the crop is borne. 
Differentiation into leaf and compound buds takes place slightly earlier 
with mature trees than with very vigorous young trees. 

The exact physiological mechanism by which flower-bud formation is 
determined is not definitely known. It is known, however, that certain 
nutritional conditions, including a relatively high supply of carbo
hydrates in relation to nitrogen supply, are favorable. Carbohydrates 
are manufactured in the leaves, as are the hormones which are thought 
to be directly responsible for fruit-bud differentiation. The accumulation 
of manufactured food, and probably hormones as well, is favored by a 
reduction in the available nitrogen or water supply sufficient to slow up 
vegetative growth. These conditions result when grass is planted in a 
previously cultivated orchard, when roots are cut to reduce nutrient up
take, or when fertilizer or moisture is withheld. It should be emphasized 
that it is not a starvation condition which is sought, but rather a changed 
balance. 

The old nitrogen-carbohydrate theory of growth and bud differenti
ation, while not the complete story, does have value in understanding 
growth response and is worthy of consideration. It is always assumed 
that there are sufficient moisture and fertility (other than nitrogen) to 
support good growth. Four phases are usually discussed, although it is 
recognized that the lines of demarcation are indistinct. 

The first phase represented by the well-grown nursery tree planted in 
fertile soil is a condil:ion of relatively low carbohydrates and relatively 
high nitrogen. Under such conditions, new growth is rapid, but as new 
carbohydrates are produced, they are largely used in the development 
of new top growth and the expansion of roots into new soil. This situa
tion may be achieved also by heavy nitrogen fertilization and heavy 
pruning, or both. Such growth is rankly. vegetative and not fruitful. 

The second phase comes as the tree increases in size. As more leaves 
are borne on smaller shoots, and especially on spurs where the leaf sur
face per unit of supporting tissue is especially large, the carbohydrate 
manufacture is greatly increased. This larger leaf surface takes greater 
quantities of moisture and nutrients from the root zone in the soil, and 
the actual amount of nitrogen available per bud tends to decrease. Thus 
the balance shifts toward higher carbohydrates in relation to available 
nitrogen. Under these conditions, vegetative growth slows up and fruit 
buds are differentiated. It may be seen that cultural practices will either 
hasten or delay phase 2. Cover crops, moderate fertilization, and limited 
pruning hasten it, while continued cultivation and heavy fertilization 
and pruning delay it. Thus the delayed fruiting of a tree in a poultry 
yard or near a cesspool may be understood. 

The third phase may occur with old orchards which are not fertilized. 
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It is a condition of large accumulations of carbohydrates and low nitro
gen. Vegetative growth is very limited, and although the trees may 
bloom heavily, they fail to set or carry fruit. An orchard in this phase 
may be brought back into production by supplying nitrogen directly. 
Heavy pruning and cultivation may be used also. 

The fourth phase is one where neither carbohydrates nor nitrogen are 
available in sufficient amounts to support either vegetative growth or 
fruitfulness. Lack of pruning, cultivation, or fertilization, coupled with 
loss of foliage from insects, diseases, or storms, all favor this situation. 
Such trees may not respond satisfactorily to any treatment, since, al
though nitrogen is easily supplied, there are not sufficient carbohydrates 
to support new growth. 

Special Treatments to Induce Fruitfulness. The formation of fruit buds 
may be brought about by several special practices or conditions. The 
results may be explained on the basis of the theory presented above. 

Bending a limb from the vertical to the horizontal or below tends to 
develop fruit buds. Two effects may be involved. First, vegetative 
growth is more rapid on branches growing vertically, and thus the 
slower-growing horizontal branch uses less manufactured food in tissue 
expansion and carbohydrates become relatively more abundant. Sec
ondly, in at least some instances, the bending constricts conducting tis
sue and may limit the movement of water and nitrogen from the roots 
and the How of manufactured food and, possibly, of controlling hor
mones away from the bud-forming area. 

Interference with the conducting tissue by the constriction of a label
ing wire or other mechanical means may increase fruit-bud formation, 
although the branch may later die. Removing a small circle of bark (gir
dling), cutting through the phloem tissue but not removing it (ring~ng), 
or removing part of the bark only (stripping) may have a similar effect. 
The latter two methods are frequently used commercially to hasten 
fruitfulness and, if properly done, cause no permanent damage. The 
timing of ringing is important, since the conduction tissue is repaired 
within a short time after the cutting. As mentioned above, the desired 
accuml!lation of carbohydrates or hormones must take place a few weeks 
after blossom time. 

Pruning roots, by slowing up vegetative growth, may induce fruit-bud 
fOIVlation. The usual commercial application is the use of slow-growing 
or dwarf rootstock. Damage to the root system by rodents may be first 
evidenced by an extremely heavy set of blossoms. Needless to say, this 
is not a desirable way to induce fruiting, but may be a warning in time 
to save the tree by control of rodents and possibly by bridge grafting 
over the injured portions. 

The discussion above should be helpful to an understanding of condi-
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tions favorable to fruit-bud fonnation in the apple. The same principles 
hold for many other plants. It should be pointed out, however, that spe
cial treatments should not be given to induce too-early fruiting. There 
is no economic soundness to fruiting an apple tree before it has attained 
sufficient size to bear a commercial crop. Fruiting itself has a very 
strong dwarfing effect. The few apples harvested a year or two early 
may be very expensive in tenns of future yields. 

Pollination and Fruit Set 

Apples are essentially a self-sterile crop. Although the flowers are 
complete and pollen is generally fertile, good crops depend upon pollen 
from other varieties. There are varietal differences, and this has led to 
some misunderstanding. For example, while McIntosh wiU set no crop 
without cross-fertilization, Baldwin and Rhode Island Greening may set 
fairly well. However, all varieties will do better if properly cross-ferti
lized. 

Good pollinating varieties are those which (1) bloom at the same 
time, (2) have pollen of high viability, (3) bloom every year, and (4) 
are compatible. Obviously, a pollinizing variety which normally starts to 
bloom at eight years of age will be valueless for the first two years in an 
orchard of a variety which starts to flower in six years. In general, sports 
of a variety are not satisfactory as pollinizers. 

Two terms have been used above: pollination and fertilization. 
Strictly speaking, pollination is simply the transfer of pollen to the 
stigma. Fertilization, however, requires the gennination and growth of 
compatible pollen and the actual union of male and female genn cells. 
The requirements for the one are not necessarily the same as for the 
other. Although suitable pollen is placed on a receptive stigma, fertiliza
tion and subsequ{)nt fruit development may still be influenced by nutri
ents on the stigmal surface, by tempera~re, which controls rate of 
pollen-tube growth, by vigor of the blossom, and by the subsequent 
competition for water and nutrients between blossoms. The use of some 
spray materials (phenyl mercuries) has been reported to greatly reduce 
fruiting, even when adequate pollination is known to have taken place. 

Honeybees are the principal agent for accomplishing pollen transfer 
in apple orchards. Some other bees and Hies are also effective, and hand 
pollen transfer is practiced in some sections. The pollen is too heavy to 
be effectively wind-borne. Colonies of bees may be kept in the orchard 
area permanently or may be rented from a beekeeper for the blossom 
period only. Unless the orchardist knows bees or is willing to learn, the 
latter method may be preferable, since only strong swanns are of value 
in critical periods. 
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FIG. ll-H. Diagram of location of trees for cross-pollinization in a McIntosh orchard. 
Pt would be minimum requirement, but a second variety, P2, is recommended. All 
McIntosh trees are directly adjacent to a pollinizer. 

Honeybees do not work blossoms readily at temperatures below 65°F. 
Thus periods of low temperature as well as high winds or rain may pre
vent pollination even when satisfactory pollen supplies are available. 
Moreover, the proportion of bees gathering nectar and pollen, and thus, 
incidentally, bringing about the desired cross-pollination, varies with 
hive strength. The larger the colony, the larger percentage of the bees 
visit blossoms. Thus one strong colony is more effective than two or 
three weaker ones, even when the total number of bees is the same. 
Growers should insist on hives with at least 5 pounds of bees. The use 
of 2- or even 3-pound-package bees for pollination has lost favor as the 
above facts have become known. Small swarms may perform under ex
tremely favorable weather conditions but fail in seasons when good 
weather is limited and the need, therefore, is greatest. A strong colony 
may be sufficient for from 2 to 5 acres of orchard, depending upon 
weather conditions. 

When satisfactory pollinating varieties are not' available in the or
.:hard, branches in bloom (bouquets) may be brought in. These 
branches of desirable bloom are placed in pails or tubs of water distrib
uted throughout the orchard. A bouquet in each tree or one placed in 
the center between each four trees will ordinarily give good results. The 
use of bouquets should be considered Cl temporary solution only. A weIl-
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located limb in each tree or all of every third tree in every third row 
should be top-worked to a good poIlinator. 

A pollinator which starts to bloom just ahead of the principal variety 
and another which starts slightly later would be considered ideal. This 
would ensure a complete overlap of the period of bloom. Thus a good 
layout would be two rows of McIntosh, with the third row having Mc
Intosh and each of the two pollinators in sequence. No tree would be 
more than one removed from a source of pollen. If a biennial variety is 
grafted into a tree as a pollinator, removing all fruit shortly after it sets 
will cause the branch to bloom the next year. 

In conSidering the adequacy of pollination and fertilization, it should 
be kept in mind that a small percentage of blooms setting fruit will pro
vide a full crop. There are ordinarily five blooms per spur cluster, and 
one fruit per spur is sufficient; Moreover, a fruit spaced every 6 to 8 
inches on the branch will give a full crop. Thus, depending upon the 
number of spurs involved, a fruit every two to five spurs would be 
enough. Percentagewise, fewer blossoms set fruit on a tree with a heavy 
bloom than on a tree with light bloom. One afternoon of good weather 
during full bloom may be sufficient for adequate pollination. Unfor
tunately, in some sections of the country, even this short period may 
not always be available. 

Thinning 

The size of fruit is correlated with available healthy leaf sudace. 
A very heavy set of fruit will result in somewhat smaller in
dividual specimens. Considerable thinning of the crop takes place natu
rally; the last phase is sometimes referred to as the June drop. Follow
ing bloom, Howers which were not pollinated fall off. There are then 
two to three waves of fruit drop due to incomplete fertilization, insect 
or disease injury, and, finally, competition for manufactured food and 
water. During tEe first six weeks or so after -bloom, the formation of an 
abscission layer and subsequent dropping of the fruit is easily initiated. 
Even a day of drought conditions may be enough. After this critical 
period has passed, fruits generally persist until harvesttime. Since 
weather conditions cannot be predicted, the final thinning operations 
may be delayed until after the June drop. 

The sooner thinning is done, the greater the beneficial response. AU 
clusters are thinned to a single fruit, and the clusters · thinned to a 
given spacing determined by variety, tree vigor, and leaf sudace. Mc
Intosh is seldom thinned, because the June drop ordinarily eliminates 
all doubles and enough others to allow marketable-sized fruits to de
velop. Delicious is generally thinned to eliminate doubles and to secure 
the larger, more profitable sizes. Biennial bearers, such as Baldwin, 

. .t 
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Wealthy, and Early McIntosh, almost always require heavy thinning in 
order to secure good size. In hand thinning, inferior specimens are 
always removed first. More fruits may be left in the top or other es
pecially vigorous sections of the tree than on weaker wood. 

FiG. 11-12. Apple fruit that has been well spaced for good size. 

Thinning promptly and properly done need not seriously reduce mar
ketable yield but does increase average size, uniformity, and quality. 
In some situations, color may be better also. Thinning by better distribu
tion of the load may reduce breakage. Thinning after the June drop is 
too late to influence materially fruit-bud formation for the following year. 
While considerable expense is involved in the thinning operation, the 
savings in harvest and grading time may more than offset this cost. 

Chemical thinning of fruit at . or just after blossom time is widely 
practiced. While some risk is entailed because the fruit set is not known, 
savings in labor and the additional benefit of favoring annual bearing 
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make the risk worth taking. One of the first materials used was the 
sodium salt of dinitro-o-cresylate (Elgetol) at a concentration of 0.1 to 
0.2 per cent. The concentration depends upon tree vigor, with the lower 
concentration sufficient on weak trees but ineffective on vigorous ones. 
The central blossom of the cluster opens first, and the spray is applied 
-after this blossom has been pollinated and the germ tube has had suffi
cient time to penetrate into the ovulary area. The spray kills the later
opening lateral buds and also all those on weak spurs. Too strong a 
concentration will kill all blossoms, and foliage damage is quite severe 
also. 

More recently, hormone materials such as naphthalene acetic acid, 
15 to 20 ppm, have been used a week to 10 days after petal fall. Ap
plication at this later date allows a more accurate estimate of the need 
for thinning and results in less injury to the leaves. However, weather 
conditions and varietal responses differ so that success in chemical thin
ning is quite variable and should depend upon local experimentation 
and experience. 

Occasionally, a home owner may want an apple tree for the shade 
and bloom alone. By doubling or tripling the concentration of the hor
mone-type sprays, it may be possible to cause all fruits to drop. This 
would ensure a heavy bloom each year without the necessity of spraying 
the fruit. A minimum spray program should be applied to keep the foli
age healthy. 

Harvesting 

Apples should be allowed to ripen on the tree for maximum quality. 
Increase in size at about 1 per cent per day continues until the fruit 
becomes overripe. Color increases rapidly as the nights become cooler. 
Methods of determining maturity are not completely satisfactory_ Days 
elapsed from full bloom has been suggested, but while of some value 
as a general guide, it is not a completely accurate method. Color of 
seeds is not very reliable. Changes in the green ground color are help
ful. A mechanical pressure tester has proved of considerable value after 
harvest in following softening in storage, but is of little value in deter
mining harvesttime. Dropping of a few sound fruits is a good indica
tion of maturity, but may he too late to start harve~t if a large acreage is 
involved. Experience and an evaluation of all these signs is the only sure 
way. 

The use of chemicals to delay fruit abscission has become general 
practice. The naphthalene acetic acid referred to above for thinning 
hlossoms when applied at harvesttime delays drop from one to three 
weeks. This permits increase in size and color, plus a hetter distribution 
of the labor load. The spray hecomes effective in 24 to 72 hours, de-
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pending somewhat upon temperature. When the effective period is 
over, fruit drop may be almost complete within 24 hours. With McIntosh. 
where effectiveness of the spray is limited to 7 to 10 days, a second ap
plication is sometimes made. When the effective period is short, delay
ing application as long as possible is important. Close watch should be 
kept of the trees, and applications made just as the first few sound fruits 
fall. 

Fruits injured by insects or disease and those having deficiencies of 
magnesium or boron drop prematurely. Abscission for these causes is 
not controlled by stop-drop sprays. Damage to the foliage from caustic 
sprays or insects such as red mite limits effectiveness also. Generally, 
the rate of respiration is increased by the hormone. Thus overmaturity 
may become a serious problem if fruit is to be stored. It may be that 
only fruit to be sold immediately or during the first two months should 
be so treated. Certainly, the history of each lot of harvested fruit should 
be known, and this knowledge used in making marketing decisions. 

Actual harvest of fruit is accomplished by grasping the apple in the 
hand and giving it an upward twist. It is important that the stem come 
off with the fruit and separate from the spur. Loss of spurs will mean 
a reduction in crop in later years. Careful handling to prevent bruises 
is also important. Boxes of harvested fruit should be placed in the 
shade and removed to storage promptly for maximum keeping. Poorly 
colored fruit may be colored by exposure to sunlight for about a week 
after harvest. To avoid sunscald, they may be piled under trees or 
shaded with cheesecloth. The development of the red coloring matter 
is a function of light, and turning the fruits to expose all surfaces is 
desirable. Naturally, considerable ripening occurs during the process, 
and such fruit will not keep well in storage. Green fruits with low 
market value may become highly acceptable and profitable if moved 
rapidly, but the practice has very limited commercial application. 

Trees on Special Rootstocks 

Propagation of apples on slow-growing rootstocks is likely to increase. 
Already of major importance for the home orchardist, commercial use 
of semidwarf trees is attracting attention. There are two general clas
sifications of dwarf trees: the full dwarf which is propagated on MaIling 
IX stock and the semi dwarf propagated on Malling I, II, VII, etc. In 
the first case, trees may be planted 10 to 12 feet apart, while in the 
second, a spacing of 20 to 25 feet may be required. The degree of 
dwarfing varies somewhat with the top variety as well as with the 
stock. In general, 'however, Mailing II and VII make trees about half 
size, while MaIling I trees may be as much as two-thirds normal. Other 
dwarfing rootstocks are being tried. 
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The dwarfing of trees may be accomplished by double-working. A 

seedling rootstock is used, and a small section of a dwarfing stock 

grafted to it. The desired variety is then budded or grafted to the 

dwarfing-stock section. The length of the dwarf section may control, to 

some extent, the amount of dwarfing secured. This method may have 

advantages in that the root system may be stronger and better adapted 

to soil conditions. Problems of compatibility must be investigated before 

these methods can be generally used. 

Pests 

Apples are attacked by numerous insect and disease pests, and fre

quent spraying is necessary for control. Both variety and climate are 

important considerations. For example, Wealthy, Winter Banana, and 

Rome Beauty are much more susceptible to the cedar rust disease 

than Mclntosh or Delicious. McIntosh and Delicious are more sus

ceptible to scab disease than Rome Beauty, Baldwin, or Winesap. Ap

ple maggot appears to prefer Yellow Delicious to Rome Beauty or Rhode 

Island Greening. 
Apple scab is much more of a problem in the humid Northeast than 

in the relatively drier Pacific Northwest. Codling moth has more gen

erations and is therefore a greater problem in the hotter Middle Atlantic 

states and the Northwest than in New England, New York, and Michigan. 

Important pests include apple scab, cedar rust, and the black rot 

diseases; and scales, mites, aphis, curculio, codling moth, apple m3ggot, 

and red-banded leaf roller among the insects. The relative importance 

of pests varies from section to section, and the latest local recommenda

tions for control should be secured. 

PEAR (Pyrus communis) 

The pear is the second most important pome fruit. Much of the in

formation on apples presented above applies as well to this closely 

related crop. Only points of difference will be stressed. 

Pears are much less tolerant of adverse climatic conditions, heing 

more susceptible to winter injury and intolerant of hot weather. The com

mon pear of commerce, P. communis, represented hy Bartlett, Beurre 

Base, and Anjou, does poorly south of New York and in northerl1. New 

England, while commercial-production areas are found in New York 

and Michigan. \1ajor pear production is in California, Oregon, and 

Washington. Pears of less desirable varieties and species are grown in 

other states as far south as Florida. P. communis will do well on soils 

somewhat heavier than those considered satisfactory for the apple. 
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Bartlett is the most important variety. Others include Anjou, Beurre 
Bosc, Cornice, Seckel,and Winter Nelis. 

Pears are more upright in growth than most apples and are planted 
closer, a spacing of 25 by 30 feet being common. Both one- and two
year trees are used to start an orchard. Because of growth habit, control 
of narrow crotches is a major training problem. As with apple, trees 
grown for the first few years under a system of clean culture with cover 
crops will produce large bearing-size trees most rapidly. In many 
sections, clean cultivation is continued for the life of the orch:ud. 

Pears bear fruit almost exclusively upon spurs which develop in 
greatest numbers after vegetative growth has slowed down somewhat. 
To induce a desirable nitrogen-carbohydrate relationship, and thus spurs 
and fruit buds, reduced fertilization, lighter pruning, and the use of 
cover crops may be required. Spreading the branches by the use of 
notched sticks or by the use of guy wires to stakes in the ground may 
be recommended to induce fruitfulness. 

FIG. 11-13. The upright growing habit of the pear is distinctive. It is very difficult to secure wide-angle crotches. 
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Cross-pollination is necessary for maximum crops, although the need 

with Bartlett varies somewhat with location. In the Sacramento River 

section of California, fair crops may set without other varieties being 

present. Some other varieties set fairly well in isolated locations, but 

commercial production is more certain if other varieties are interplanted. 

All important varieties produce fertile pollen, but there are cases of in

compatibility; for example, Bartlett and Seckel. Since honeybees are 

less attracted to pear blossoms than to some others, an abundance of 

bees and adequate numbers of pollinators are important. 

Pears are very susceptible to two pests: an insect-pear psylla-and 

a disease-fire blight. Difficulty in control has had a major influence on 

the industry in the East. A physiological difficulty known as black end, 

and perhaps associated with the stock on which trees are grown, is the 

subject of great concern in the West. Pears bloom earlier than apples 

and are therefore more subject to late-spring-frost injury. However, trees 

are more tolerant of neglect than most other fruits and may remain pro

ductive for many years in spite of poor cultural practices. Where fire 

bHght is not a serious problem, pear trees may be safely renewed by 

very heavy pruning. Actively growing tissue is more subject to fire 

FIe;. 11-14. Well-spaeeu pear fruits. Note devtJopment is from spurs on older wood. 
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blight attack than tissue which has stQPped expansion for the season. 
Heavy pruqing and fertilization increase the hazard by lengthening 
the susceptible period. The development and use of antibiotic sprays 
have reduced the difficulty of fire blight control. 

Thinqing is not as generally practiced with pears, especially early 
in the season. Some spot picking of larger fruit may be done, and the 
rem~ning smaller fruit then increases in size as much as 2% per cent 
per ,day. Bra.cing of limbs to preveqt breakage is commonly necessary. 
Pears should be harvested before maturity. Tree-ripened fruit have 
very limited storage life and may develop groups of stone cells (grit 
cells) throughout the flesh. With pear, a mechanical pressure tester is 
very- satisfactory in determining proper harvesttime. Helpful color charts 
have been developed also. Ease of separation from the stem and cal
culating days from full bloom are also valuable tests. Stop-drop sprays 
are standard practice in many areas, a concentration of 10 ppm of either 
riaphthalene acetic acid or naphthalene acetamide being satisfactory. 

Harvested pears should be cooled rapidly to 35°F or less. Pears will 
not ripen normally in cold storage and lose the capacity to ripen if 
stored too long. Ripening within the safe period, which varies by vari
ety, should be at 60 to 70°F. 

FIG, 11-15. Young quince fmit developing singly at tenninal of last year's shoot. 
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QUINCE (Cydonia oblonga) 

A third pome fruit grown to a very limited extent is the quince. 

This low-growing tree develops fruiting buds terminally on current

season sboot growth. Quinces begin to bear in about f01,lr years and bear 

annually. Two- or even three-year-old trees may be planted. Selected 

varieties may be grafted on Angers quince understock. Quince is often 

used as a dwarfing rootstock for pear. 

Quince trees are very susceptible to fire blight a: .. d to quince rust. 

The fruit is also attacked by the Oriental fruit moth. Trees are often 

trained to a bush form to reduce the danger from fire blight. If a 

branch is affected, it can be removed without complete loss of the tree. 

Pruning is usually light and consists of training to limit the number of 

main branches and subsequent thinning out as necessary. 

The bloom of the quince is very attractive, and this makes it valuable 

as an ornamental. Fruits are used for preserves and jelly. Demand is 

limited. Orange and Champion are two of the few varieties grown. 

QUESTIONS 

1. What are the fO\lr most important apple varieties in your area? What vari-

ety is most grown in the United States? 

2. How old may the root system be on a one-year tree as sold by the nursery? 

3. What age tree would you use to establish an orchard? Why? 

4. Discuss various orchard-planting systems. What is a filler tree? 

5. Diagram a planting stick and explain its use. 

6. What SOil-management ~)'stem would you use? Why? 

7. What fertilizer elements are likely to be deficient in apple orchards? 

8. What effect does heavy pruning have on total growth? Explain. 

9. How does tree-growth habit influence the trainin!!: and pruning of a tree? 

10. Why does heading back a shoot tend to result in a thicker top in the tree? 

11. Diagram pruning of a young tree. 

12. What is meant by renovation of an orchard? What steps are taken? 

13. Discuss special problems in handling filler tree. 

14. What internal nutritional balance favors vegetative growth? Flower-bud 

formation? 
15. Explain effect of bending a limb below the horizontal on growth and, spe

cifically, flower-bud formation. 

16. Why do trees on slow-growing dwarf rootstock usually bear sooner than 

trees on more vigorous root systems? 

17. Distinguish between problems of pollination and fertilization as applied to 

blossoms. 
18. What are the requirements for good cross-pollination? 

19. When must fruit thinning be done to have any marked effect on flower-bud 

formation for the following year? 

20. Row would you determine the proper time to harvest apples? 
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21. How does the pear tree differ from the apple in habit of growth? What eHect does this have on pruning? 
22. What special harvesting and ripening procedure is necessary with pears? 23. To what pests are quinces particularly subject? 
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CHAPTER 12 

Drupe and Evergreen Fruits 

In the previous chapter, pome fruits were considered, with special 
attention given to the apple. In this chapter, major emphasis will be on 
the peach, as an example of the important drupe fruit group and be
cause both commercial and home-garden culture are widespread. 

WINTER HARDINESS AND INJURY 

Several general references have been made to hardiness and winter 
injury. A more detailed and basic discussion appears desirable. The 
peach is an excellent example of many of the phenomena involved. 

The tolerance of a plant to cold is determined by both genetic and 
temporary physiological conditions. As stated earlier, the peach as a 
species will not withstand as low temperature as the apple. Moreover, 
the Elberta. peach and the Baldwin apple are less tolerant to cold 
than the Georgia Belle peach and the McIntosh apple. These differences 
between species and varieties are inherited and therefore genetic. Only 
by the development of a sport or the recombining of characteristics 
through breeding. can changes be brought about. There are undoubt
edly basic physiological differences between .species and varieties which 
contribute to cold tolerance. In using the term here, however, refer
ence is made to the physiological condition within a plant at one time 
as opposed to another time, that is, summer versus winter. The fact 
that both inheritance and phYSiological condition are involved explains 
some of the apparent contradictions which may occur, that is, when 
a weakened plant of a normally hardier variety succumbs during a 
mild winter. 

Certain conditions, such as low water content and large amounts of 
stored foods, are normally associated with cold resistance. It may well 
be, however, that these conditions are secondary or simply related to 
a desirable condition of the protoplasm. Certainly, low water content 
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and high osmotic concentration are not always positively correlated 
with cold resistance between species. A correlation within a variety fre
quently exists, but interrelation may be more important even here. 

Water may exist in tissue as pure, or almost pure, water in a film 
about the cells. This free water will freeze at about 32°F. More water 
is present as the solvent for sugars and salts within the cell vacuole, 
the amount influencing osmotic concentration and thus freezing point. 
In addition, water is combined, or "bound," in colloids within the proto
plasm and freezes at a very Iow temperature only. The percentage of 
the existing water in these various states is of far more importance than 
the actual amount present. In general, the less free water and the 
more bound water, the greater the tolerance to cold. 

The question of how cells are killed by cold has been debated at 
length and probably varies, to some extent, with circumstances. Some 
injury is essentially desiccation of the tissue. High, dry winds draw 
moisture from the tissue faster than it can be replaced from that in 
the soil. The failure may be due to reduced water transport through 
stem or trunk due to low temperature alone, or it may be aggravated 
by ice formation. Availability of moisture in the soil is influenced by 
the amount present and its condition (frozen or liquid) and tempera
ture as it influences root activity. Alternate freezing and thawing of the 
soil may cause heaving of plants, resulting in root injury and thus, in
directly, death of plants by desiccation. 

Cold injury from desiccation may be reduced by providing adequate 
moisture in the soil through irrigation and maintaining higher root tem
peratures by the use of mulches or mounds of earth. Reducing wind in
tensity by wrappings about tree trunks, the use of windbreaks in the 
form of evergreen trees for the orchard, and boxes or baskets over the 
top of small shrubs may also help. Shading to keep plant temperature 
lower on sunny winter days will reduce transpirational losses, as will 
the use of reflective white or aluminum paint. Wax emulsions may be 
practical for small plants. 

Death of cells resulting from cold is not always a matter of excessive 
loss of water. The formation of ice is involved also. Water, upon freez
ing, increases in volume, and the ice crystals may cause rupture of the 
cells. Tissue which has large amounts of free water is espeCially sus
ceptible. Ice crystals begin to form in the intercellular spaces at slightly 
below 32°F and increase in size by withdrawing water from within the 
cells. Ice formation results in a great increase in vapor-pressure deficit
enough to take water against the holding power of considerable osmotic 
pressure within the cell. Of course, as water is withdrawn, the osmotic 
concentration within the cells, a~d thus its holding power for water, in
creases. However, an equilibrium may not occur before enough water has 



Drupe and Evergreen Fruits 311 

been withdrawn to disrupt the protoplasm or a large-enough mass of ice 
has formed so that cell walls are ruptured. 

The generally accepted explanation of most ice injury is the disorgani
zation of the cytoplasm through ice formation within the cells them
selves. Both speed of freezing and duration of cold may be factors in
fluencing results. While rapid freeZing in the usual sense (a drop of 
30 to 40°F in 12 hours) may cause more damage than a similar drop over 
a longer period, very rapid freezing, as with dry ice, may cause little 
damage. In the first instance, large ice crystals are formed rapidly and 
the tissue does not adjust to the stresses and strains caused by the expan
sion. In the second instance, freezing is so rapid that moisture freezes in 
place throughout the tissue, there are no large crystals, and hence less 
distortion is involved. With almost instant freezing and equally rapid 
thawing, no injury may occur. However, if thawing is slow, the large ice
crystal formation, and consequential injury, may take place during this 
interval. Handling of frozen tissue may also increase injury. Grading 
frosted fruits and pruning frozen branches should both be avoided. The 
phenomenon of undercooling may, at times, be a factor influencing in
jury from cold. Under very still conditions, tissue may become several 
degrees colder than necessary for ice formation under the existing 
phYSiological conditions. If the tissue is undisturbed and the temperature 
rises within a short period, no ice may form. However, ice formation 
may be triggered by a slight jarring of the plant and result in almost in
stantaneous ice formation throughout the tissue. 

Some Common Types of Winter Injury. Winter injury may be divided 
into three general classifications. Although not exclusively a regional prob-
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FIG. 12-1. The interior of a Winter-injured fruit bud turns brown shortly after thaw
ing. The female organs, espeCially the pistil, are usually most susct>ptible. Injury may 
involve but one of several ovules and result in a misshapen fruit. (From E. P. Chris
topher, "The Pruning Manual," The Macmillan Company, 1954. Used with permis
sion of The Macmillan Company.) 
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lem, the several types are more commonly the cause of trouble in certain 
areas of the country. The drying-out, or desiccation, type of injury men
tioned above is more often serious in the Northern Plains states. However, 
this type of injury is also common in the humid Northeast on raspberries 
in an exposed location. Hardy evergreens, such as the arborvitae located 
on the exposed corner of a house where strong wind currents occur, may 
also be injured. 

In Southern areas, the most common type of winter injury is the loss 
of a crop through blossom freezing. Tree damage is only occasionally in
volved, and the loss of a crop every few years from late-spring freezes 
is accepted as a calculated risk. Flower blossoms are usually damaged at 
a higher temperature than leaf buds, and both at temperatures above 
that causing wood injury at that season. The dangerous temperature for 
buds varies with stage of development. Fully dormant peach buds may 
withstand -12°F, only 20°F shortly before opening, 25°F when open, 
and even less as the small fruits begin to develop. 

The third type of winter injury common in Northern humid areas in
volves injury to the tree itself and is often associated with lack of suffi
cient hardiness of the species involved. The interrelation of rest and 
dormancy as they influence hardiness will be discussed later. The exact 
kind of injury varies with conditions, several of whkh will be discussed 
briefly. 

Extremely cold winters result in differential killiiJg by variety, species, 
and parts of the plant. As noted above, flower buds fire usually less 
tolerant of cold than are leaf buds. Moreover, tissue which is poorly 
supplied with reserve foods, whether because of drought, competition for 
fertility, overbearing, rodent damage, lack of pest control, or poor ex
posure to light, is damaged most. Tissue on the inside of a tree crotch is 
less well nourished than that on the outside and often shows more in
jury. 

Exposed tree trunks are often injured, especially on the southwest 
side. This localized winter injury is caused by the sudden cooling which 
occurs follOWing a sunny day. The trunk, exposed to the sun until sunset, 
absorbs heat until it may become 30 to 40°F warmer than air tempera
ture. When the air temperature drops rapidly to below zero after sunset, 
this exposed tissue is cooled in a few hours as much as 60 to BO°, and 
cells may not adjust rapidly enough to prevent injury. A similar type of 
injury may occur on exposed scaffold limbs, following heavy cutting 
back, and is called sunscald. Small branches or other barriers, by reflect
ing some of the sun's rays, will prevent excessive warming of the tissue 
and reduce this type of injury. In pruning, low limbs should be left on 
the southwest side and some small branches on the south of all exposed 
scaffolds. 
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Another type of injury is the longitudinal splitting of bark on the 
trunk. These splits usually appear on the south of the trunk also. The 
splitting occurs when the dead bark of a tree becomes thick and pressure 
developed by growth from within increases because of this restriction. 
On an especially cold night following warm weather, the tissue does not 
adjust to the uneven stresses induced by rapid freezing of the outer lay
ers, and rupture takes place. The action may sound like a rifle shot and 
cause splitting to a considerable depth. Many such splits close sufficiently 
upon thawing so that effective healing takes place the follOwing spring. 
In other situations, closing the split with screw rods may be required. 
Forcing trees into more rapid growth with nitrogen or late irrigation may 
increase the incidence of splitting. 

REST AND DORMANCY 

Trees and shrubs go through a period of rapid growth in the spring, 
followed in summer and fall by a gradual change from growth in length 
to growth in thickness and the development of buds for another year. Al
though temperatures are suitable for growth of the newly formed buds, 
they are usually held in check by physiological restraints. This phe
nomenon is called rest. This rest status of the buds may be broken by 
certain stimuli, such as electric shock, ethylene gas, mechanical injury 
including pruning, and, more especially, cold. The amount of cold neces
sary to break rest varies with variety, species, and vigor of the bud. The 
cold requirement involves both degree and duration. 

In much of the country, cold weather unfavorable for bud growth oc
curs before rest is broken and extends after the physiological, or internal, 
restraint has gone. Thus an external environmental restraint is superim
posed upon the internal physiological one. The externally controlled lack 
of activity is often called dormancy, a use in which the writer concurs. 
Generally speaking, during early fall, rest alone (internal factors) con
trols growth. During midwinter, both dormancy and rest are involved, 
while in late winter and early spring, dormancy alone functions. 

Unfortunately, the terms rest and dormancy do not mean the same 
thing to all scientists. A distinction between them seems desirable, and 
the student will have to determine the definition used by the author 
whose work is being studied. Some use the terms indiscriminately, and 
others define them in reverse order. 

Plants which go into rest very early in the season may pass through 
this stage and start growth during "Indian summer" days of the fall, es
pecially if conditions favorable to breaking rest (such as hurricanes) 
occur. This explains much of the fall blooming of fruit trees and some 
spring-flowering shrubs, such as forsythia. Promoting vegetative growth 
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longer through better cultural methods will tend to delay rest and avoid 
this problem. However, going into rest somewhat ahead of cold weather 
is very desirable as a protection against injury if extreme cold comes 
early. During a warm period in January, the restraint of rest may pre
vent buds from starting growth which would almost certainly be dam
aged when cold weather returned. While heavy pruning in late sum
mer may tend to induce new growth, delaying or even breaking rest, 
similar pruning in late winter may delay start of growth in the spring 
and thus prevent damage from a spring frost. In the latter case, at least 
some of the delay in starting is due to the fact that latent buds (those 
which would not ordinarily have started) are involved. 

Recent work with dogwood indicates that vegetative-growth control 
for some plants is, to some extent, a photoperiodic response similar to that 
reported earlier for chrysanthemums (Chapter 10). A more thorough 
and detailed study of the rest and dormancy characteristics of particu
lar plants should provide valuable help to the amateur and commercial 
grower alike. It is a field of knowledge in which considerable new in
formation may be expected, and specific rather than generalized recom
mendations will then be available. 

PEACH (PTUnus persica) 

The peach is the second most important deciduous fruit and is grown 
throughout the United States, except in the extreme South and the cold
est sections of the North. Peaches are more tender to extreme cold than 
apples and require less cold to break the rest period. Commercial pro
duction is possible over a wider climatic range than with either apple or 
pear. Some varieties, such as Elberta, may be grown throughout the en
tire range, although they may not always be the best adapted in each 
area concerned. 

Winter temperatures much below OaF are not safe, although well
hardened trees may withstand -12°F or slightly lower for a short time. 
On the Eastern coast, this limits northern plantings to the Southeru New 
England states. At the other end of the range, considerable difficulty is 
experienced following warm winters in Georgia. Blossom opening tends 
to be sporadic because the rest period has not been completely broken 
for all buds. 

Breeding work at the USDA station at Fort Valley, Georgia, has been 
concentrated upon developing varieties with a short chilling period so as 
to extend the growing area in the South. As a result, the old variety 
list has been almost completely replaced. Elberta, by far the most Widely 
grown yellow freestone peach, is especially tender to cold. An aggressive 
breeding program might develop varieties with greater cold resistance 
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and extend commercial plantings farther north. The peach-variety list is 
long and constantly changing. As indicated above, Elberta leads on the 
East Coast. In order of ripening, nine important varieties are Dixired, 
Dixigem, Red Haven, Golden Jubilee, Halehaven, Burbank July Elberta, 
Elberta, J. H . Hale, and Rio Oso Gem.1 The California canning industry 
was largely built on cling varieties such as Phillips Cling. Better varieties 
are being developed and tried. Muir and Lovell are grow~ in California 
for drying. 

Peach-bearing Habit and Fruit Types. The blossom of the peach is 
simple and develops on growth produced the previous season. While 
some growths may Le short and spurlike, most production is on relatively 
long terminals. A single central leaf bud may be flanked by one, or more 

FIG. 12--2. Well-spaced peach fruits. The crop usually sets much too heavily and 
requires extensive thinning. Fruits are borne largely on one-year shoots. 

often two, flower buds. The blossom bud opens before the leaf bud and 
before those on either apple or pear. Hence late-spring frosts are a special 
hazard. The ovulary develops above the calyx, which falls off shortly 
after petal fall. A single ovule, or seed, develops inside a hard stony en
docarp. The flesh (mesocarp) of the peach may separate from the stone 
at maturity (freestone) or adhere to it (clingstone). Flesh may be white 
or yellow. Yellow freestone peaches are generally preferred for the fresh 
market. The canning industry of California has been largely built upon 
yellow clingstone varieties, although there is a shift to freestone varieties 
which are also usable for the fresh market and for freezing. 

Starting the Orchard. Peaches are generally grown on relatively light 
soils under at least limited cultivation. Selection 0f frost-f~ee sites is espe-

1 M. J. Dorsey, American Fruit Grower, June, 1957. 
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cially important because of early blooming and tenderness to winter cold. 
Fruit is borne annually on trees four to five years of age or older. With 
but few exceptions, the fruit is self-fertile, and thus solid blocks of one 
variety are practical. The excellent variety J. H. Hale is an exception in 
that cross-pollination is necessary. Bees are necessary to ensure good pol
lination. Normally, fruit set is very heavy and thinning is necessary. 

Planting. One-year trees are planted almost exclusively. In the South, 
seedlings may be budded in June and set in the orchard the following 
winter. In the North, seedling trees are budded in August, grown in place 
the following season, and may be set in late fall or early the following 
spring. Experiments in Georgia suggest that while vigorous, well-grown 
trees are important, large size offers no special advantage. The importance 
of initial size may be related to training systems, to be discussed later. 

Prior to planting the orchard, the soil should be plowed deeply and 
necessary lime and fertilizer disked into it. A pH of around 6.0 is de
sirable. Soils should be well supplied with phosphorus, potassium, cal
cium, and magnesium. Increasing the organic-matter supply with cover 
crops is usulllly considereq. desirable. Because at least some cultivation is 
the usual soil-management system, soil erosion is a problem. Planting on 
the contour is strongly recommended on any but the most level sites. 
Planting distances vary greatly, depending upon soil, average orchard 
life in the area, and the training system. Where trees are relativ:ely short
lived (7 to 10 years) and where trees are kept to a low level and small 
size by pruning, a spacing of 18 to 20 feet may be suffi~ient. In North
ern sections where orchards 15 to 25 years old are more common and 
larger trees more acceptable, spacing should be more nearly 20 to 25 
feet. A de~p loamy soil may support trees nearly twice the size of those 
growing on sand or loam closely underlain by an impervious layer. 

Spring planting is most common with peaches in Northern areas be
cause of danger of winter injury to fall-planted trees. A planting board 
as described for setting apple trees may be used. Trees are set slightly 
deeper than they stood in the nursery. Firming the earth about the well
distributed roots is important. The earlier the planting is done, the greater 
growth may be expected the first year and the sooner large-Sized trees 
for commercial production are secured. A few weeks delay may result 
in the loss of a year in reaching full production capacity. 

Pruning. The young nursery tree will have numerous side branches, 
most of which are small and should be removed. If there are one or two · 
large well-developed side branches, they should be cut back to 2- or 3-
inch stubs rather than removed comple.tely. The main stem or trunk 
should be headed back to a height of 24 to 30 inches, depending upon 
tree vigor and the proposed pruning system. The lowest branch should 
be high eno'ugh to permit inspection of the trunk for peach tree borers . 
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and the passage of cultivation equipment without injury. This will mean 

a minimum of 12 to 18 inches, more being necessary on the high side of 

a slope than on level land. 

l"IG. 12-3. Showing rruning of donnant peach tree (left), subsequent development of 

shoots (center), an( de-shooting to secure well-spaced scaffold limbs (right) . (After 

USDA . From t;. P. Christopher, "The Pruning jIJanual," The Macmillan Company, 

1954. Used with permission of The Macmillan Company.) 

On a slope, the lowest limb should be developed on the low side. 

Spacing branches for greater strength is desirable, but 6 inches may be 

sufficient. While as few as three main branches are enough to produce a 

well-balanced tree, four or five are more often developed so that in case 

of breakage, less of the tree is lost. Because of the rapid growth of the 

peach, its relatively shorter life in the orchard and the many types of in

jury which may occur, a well-defined scaffold is more difficult to develop 

and maintain than with the apple. 

As soon as the new shoots are 2 to :3 inches long, selection of those well 

placed for the development of a scaffold is made and all others removed. 

There is no need to leave additional side branches as with the apple or 

pear, since sufficiently rapid growth will be made by the few shoots left 

to use all available water and nutrients and produce a large tree. When 

the main limbs Inve grown to a length of about 2 feet, the tip may be 

removed to stimulate side branching close to the trunk. Because fruit is 
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borne on new growth which is produced each year at a rapidly increas
ing distance from the trunk, heading back to keep the tree from becom
ing leggy is a continuing process. 

FIG. 12-4. Well-spaced scaffold limbs on young peach trees. 

At the beginning of the second year, a well-grown tree will have the 
three to five desired main scaffolds and many of the secondary branches 
established. Pruning consists of thinning out any competing branches 
and shortening the longest terminals. Extra side branches need not be 
removed as they were the first year. They should be kept subordinate 
and allowed to form buds for the production of a few fruits the third 
year. Such subordinate shoots may be productive for a year or two, but 
soon slow up in growth and die and must be removed. Fruit is then 
borne from the main branches, which have become less vegetative be
cause of competition for water and nutrients. 

Pruning the bearing tree involves a continuing process of replacing 
the bearing wood in a desirable location and of ensuring necessary vigor 
by sufficiently severe pruning. In order to keep bearing shoots close to 
the trunk, heavy heading back to lateral branches must be practiced oc
casionally. A balance between fruit production and vegetative growth 
must be achieved. Terminal growth should average from 8 to 15 inches, 
depending on age of the tree. If growth is less vigorous, .increased fertil
ity and heavier pruning may be used to improve it. If stronger vegetative 
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growth takes place, less severe pruning should be done. Pruning is used 
also as a device for partial thinning of the fruit to ensure sufficient size. 
However, unless judgment is used, the total crop may be unnecessarily 
reduced. 

In pruning the peach, vigorous growth may be secured by either bulk 
or fine pruning. Cutting back each shoot for one-third to one-half its 
length does the job, but requires many time-consuming cuts. Such prun
ing delays the time when fruits are borne at a great distance from the 
trunk, but does not result in new shoots developing from the older 
scaffolds near the trunk. A few heavy cutbacks into larger branches will 
both maintain vigor of growth and induce new branch development 
nearer the trunk. It requires less time and, if supplemented by the 
shortening of the occasional extra-long shoot, can be recommended. 
Hand-lopping shears should do the job well. 

FIG. 12-5. Two methods of pruning bearing unit of peach. (A) Heading back each 
shoot; (B) removing whole shoots. The latter method is quicker and generally rec
ommended. (From E. P. Christopher, "The Pruning Manual," The Macmillan Com
pany, 1954. Used with permission of The Macmillan Company.) 

Cover Crops and Fertilizers. Cover crops are used to limit soil erosion, 
add organic matter to the soil, and slow up vegetative growth before cold 
weather. In selecting a crop to use, cost and availability of seed are im
portant economic considerations, but the functional considerations are 
more important. On a steep slope, rapid deep rooCing is more important 
than crop residue, since erosion is the major problem. On relatively fertile 
sdil, rapidity and mass of growth as a reflection of ability to compete suc
cessfully for water and nutrients and thus slow up tree growth become of 
importance even if some extra labor is necessary to mow the crop prior 
to harvest. On infertile soils, ~.legume may be especially valuable for soil 
improvement. However, growing·a bulky crop low in nitrogen and adding 
extra fertilizer may be a better solution. Certainly, crops which do not 
create a cultivation problem in the spring are to be desired. The selection 
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of the best-suited crop for a given region should be based on local recom
mendations. Rape, rye, millet, Sudan grass, Lespedeza, and rye grass are 
among those used. 

Under some conditions, a combination of sod a,nd mulch may be used 
in place of clean cultivation and cover crops. A strip of sod is left be
tween the rows, making an excellent erosion barrier and a firm surface for 
spray equipment early in the season. A mulch heavy enough to elimi
nate grass growth is used under the trees. A mulch as much as 6 to 10 
inches deep may be necessary. Such a mulch may necessitate extra nitro
gen applications, at least until a balance between carbon and nitrogen 
in the soil has been established. Grass from the central strip may be used 
for some of the mulching but will not be sufficient as the trees increase 
in size. 

As with other tree fruits, nitrogen is the fertilizer element which will 
give most response and, for a number of years at least, may be all that is 
required. However, potassium has been found limiting in some areas, and 
phosphorus is used in considerable volume by the fruits. As with other 
tree crops, it would seem wise to use a complete fertilizer frequently 
enough to ensure good cover-crop growth. Deficiencies normally show 
up first on those plants which have more limited root systems. Over
fertilization of peaches will delay maturity and, by promoting excessive 
leaf growth, reduce color. Winter-injury susceptibility may be increased 
by both over- and underfertilization. The tree of moderate vigor which 
matures its wood reasonably early in the season is most desirable. 

Thinning Peach Fruits. As stated above, peaches normally set many 
more fruits than can be brought to marketable size. As with apple, blos
som thinning has certain advantages in that less strength is lost to the tree. 
Chemical thinning has been less successful than with apples and has not 
been generally accepted. The use of a brush made of wire or prunings 
has been recommended in the South as a means of thinning the blossoms. 
At best, it is a crude method, but in case of hibor shortage may be used 
for the initial reduction. With peaches, there is no problem of influencing 
biennial bearing and therefore thinning may be delayed until after the 
June drop. At this time, insect-stung fruit and those which are competing 
less well and are smaller in size may be. distinguished. 

Thinning after the June drop is usually done by hand-spacing of fruits 
from 6 to 8 inches apart, depending upon tree vigor and market de-' 
mand as to size. Thinning up to the pOint of reducing total yield should 
be counted as laborsaving. It is much easier to remove small fruits and 
drop them to the ground than to harvest such fruit for sale later on. 
Since in many markets small fruits bring very low prices, sufficient thin
ning to secure good size even at the expense of total crop may be 
economically sound. 
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In some areas, pieces of hose attached to short broom handles are used 
to knock oH much of the excess fruit. With experience, this method, sup
plemented hy some hand work, will get the job done quite rapidly. The 
sooner thinning is done after the June drop, the greater the expected 
response. Obviously, early-maturing varieties should be thinned first. 

Growth and Harvest of the Fruit. Peaches go through three rather dis
tinct stages of growth. The rapid swdl after blossom time is followed by 
a long period after the June drop when increase in gross size is very slow. 
During this second period, rapid development of the embryo takes place. 
Since the seed tissue uses relatively large amounts of minerals, reducing 
the number of developing pits by prompt thinning has been advised. As 
the fruit approaches maturity, there is a third and very rapid period of 
growth. It is during this final period of swell that adequate moisture be
comes especially important. 

Peach fruits are very firm before maturity, but soft and easily dam
aged as they become ripe. Therefore harvesting while the fruits are still 
immature is a serious temptation, especially if distance shipment is in
volved. Thus many city consumers have never tasted a really tree
ripened fruit. Peaches cannot be successfully stored, except for a few 
weeks, without marked reduction in quality and excessive losses from 
disease. Harvest at as mature a state as is practical, considering shipping 
requirements, is encouraged. 

The basic green ground color of the fruit turns to yellow (white for 
white-fleshed varieties) before softening of the flesh occurs. This change 
should have begun before harvest if the- fruit is to continue the ripening 
process. Fruits are harvested by hand and placed with care into baskets 
or other firm-walled containers. Mechanical sizing is practiced, but 
every eHort should be made to pad the equipment and limit dropping. 
A dust of sulfur is often applied M some protection against brown rot 
disease losses during transit. Prompt cooling of the crop is important to 
the maintenance of quality, and cooling by ice water (hydrocooling) is a 
rapid means of accomplishing this end. Fungicides in the water may 
help reduce disease losses. 

Spot picking-going over the trees more than once so as to select 
specimens at a uniform stage of maturity-is recommended. The rapid 
increase in size of the less mature peaches left on the tree may pay for 
the extra labor costs involved. Certainly, the producer for local markets, 
roadside sale, and home use should go over the trees more than once. The 
length of the harvest season varies with variety and weather conditions. 
Hot, dry weather may reduce a normal harvest season for the variety 
from a week or more to two or three days. Site, soil, and fertility-level 
variations may result in a given variety maturing over a period of two 
weeks. 
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NECTARINE, APRICOT, AND ALMOND (Prunus) 

These three drupe fruits are of considerable commercial importance, 
but production is limited almost exclusively to California. However, as 
all horticultural students should have some knowledge of them, brief con
sideration is given below. 

The nectarine (P. persica var. N ectarina) is considered a sport of the 
peach, differing primarily in that the skin of the fruit is smooth. The flesh 
is firmer and less melting. The cultural practices recommended for 
peaches apply. Being smooth-skinned, the fruits are more susceptible to 
the plum curculio insect and the brown rot disease. Variety selection is 
somewhat limited, and because of cold tenderness and disease suscepti
bility, commercial production is limited to California, as noted above. 
However, breeding at the Geneva, New York, station gives promise of 
new varieties of greater adaptation. Pollination is not considered a prob
lem, since the varieties grown are self-fertile. The crop is used primarily 
as fresh fruit and, to prevent bruising, is shipped in a box with card
board dividers. Old varieties include Stanwick, Gower, and Quetta. 
Crossing with large-fruited peaches has produced larger, brighter fruits 
and has stimulated planting. 

The apricot (P. Armeniaca) is grown extensively in California, over 
half the crop being dried and most of the rest canned. The trees bloom 
earlier than the peach, and therefore frost-free sites are even more im
portant. The apricot is also very susceptible to brown rot. The trees are 
self-fruitful, and culture is quite similar to that recommended for 
peaches. The fruits are borne on short shoots from heavier wood than 
with the peach. Therefore greater attention is given to training to a 
modified leader system. Spur-bearing branches fruit for about three 
years so that the heavy renewal pruning necessary on the peach is not 
pnwticed. Too-heavy pruning delays fruiting and unduly reduces the 
crop. Thinning individual fruits is not as generally practiced as with 
peaches, since commensurate increase in fruit size does not ordinarily 
follow. Trees appear to do well at a somewhat lower fertility level than 
does the peach. Apricots are propagated on peach, apricot, and 
Myrobolan plum stocks, special attention being given to nematode re
sistance. The two most important varieties in California are Blenheim 
and Royal. 

The almond (P. Amygdalus) is generally thought of as a nut by most 
consumers, but is really one of the drupe fruits. It is especially subject to 
losses from frost becaustl of early bloom. There is considerable cross in
compatibility and general self-sterility so that three to four varieties are 
generally planted close together. 
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The almond does best grafted to almond seedling rootstocks, which 
withstand relatively dry and sandy soils. However, the nitrogen re
quirement is high as with the peach. Pruning is generally on an every
three-year basis and involves a few large cuts as a means of keeping 
costs low. As with other drupe fruits, crops are borne early, some nuts 
being harvested the third or fourth year. Cultivation is generally prac
ticed. The nuts are harvested by shaking the trees over spread canvas 
when the fruits on the inside of the tree show shriveled and cracked 
hulls. Machines are used for hulling. Nonpareil is the most extensively 
grown variety. A recently introduced variety, Davey, . is cross-compati
ble. 

PLUMS (Prunus) 

In the United States, the plum ranks fourth among important decidu
ous fruits, apple, peach, and pear haVing greater value, in that order. 
The plum is probably more widely adapted than any of the others, but 
commercial production is largely on the Pacific Coast. There are many 
species grown, of which P. domestica, the European plum, and P. sali
dna, the Japanese plum, are most important for fruit, and P. cerasifera, 
or the Myrobolan, as a roo~stock. The Damson plum, P. domestica var. 
insititia, was once popular in the home orchard for jellies, jams, and pre
serves, but few would recognize it today. 

FIG. 12--6. Shoot of plum showing heavy set of fruit and development of leaves at 
same time. 
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Domestica plums make small trees and have more or less pubescent 
young twigs and rather thick, coarsely serrated dull green leaves which 
are pubescent on the underside. While differences between varieties 
exist, most are about as cold-resistant as apples, in both wood and 
flower. The botanical variety, Damson, is a much more compact grower. 
Fruits of both are borne, for the most part, on spurs. The Japanese plums 
more nearly compare with the peach in hardiness of wood. Flower buds 
and fruits may be as hardy as apple but, because of earlier bloom, are 
often damaged by frost. The trees more nearly resemble the peach than 
do the Domestica, or European, plums . . The leaves are normally pointed 
and free of hairs on the lower surface. 

The European plum is most important because it includes prunes as 
well as many of the common dessert varieties. Prunes are those plums 
which have a sufficiently high sugar content so that they may be dried 
whole without fermentation at the pit. Varieties include the all-impor
tant Italian prune, French Sugar, German, the newer Hall, and Stan
ley. Other groups of European plum include Reine Claude (var. Reine 
Claude, Jefferson, and Washington), which are roundish, sweet, tender, 
and juicy with a green, yellow, or slightly red-colored skin; Yellow Egg, 
a small group used for canning, of which the most important variety and 
group name are the same; the Imperatrice, a large group of fair-quality 
medium-sized, oval, thick-skinned, heavy-bloom, blue-skinned fruits, in
cluding Grand Duke, Diamond, Tragedy, and President; and the Lom
bard group, of which the fruits are red in color, often smaller and of 
lower quality, including the varieties Lombard, Bradshaw, and Pond.2 

The Japanese plums include many of the varieties shipped from Cali
fornia and the bulk of those grown in the East. Fruits are usually large, 
heart-shaped, and yellow to red in color. Varieties include, in order of 
ripening, Beauty, Santa Rosa, Duarte, Wickson, and Kelsey.2 

Pollination. Pollination is frequently a serious problem with plums be
cause of self-sterility, cross incompatibility, and different periods of 
bloom. Moreover, there is considerable evidence that fruitfulness of a 
variety may vary with climatic conditions. It is therefore safer to plant at 
least one pollinizing variety . blooming during the same period. In gen
eral, it is not safe to depend upon cross-fertilization between species. 
Before making extensive plantings, pollination should be thoroughly 
investigated on the basis of local practice and recommendations. Bees are 
necessary for good pollination, and planting at least every third tree in 
every third row to a pollinizing variety should provide a satisfactory 
source of pollen. 

• Chandler reports commercial acreage in California in 1953 in descending order as 
follows: Santa Rosa, Duarte, Beauty, President, Wickson, Kelsey, and Tragedy. 
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Propagation. Plums are propagated by budding, as is the peach. Stocks 
include plum, peach, apricot, and almond. The most important stock is 
the Myrobolan plum because of its general graft compatibility and adapt
ability to many soil types. While not especially vigorous, it is hardy, deep
rooted, and long-lived. Resistance to nematodes has been found in some 
seedlings of Myrobolan, and these, reproduced vegetatively, are preferred 
to seedlings in some sections of California. Peach stock is also used for 
nematode resistance and on shallow sandy soil. While satisfactory for 
Japanese plums, not all European plums do well on peach. Apricot stock 
may be used on the more alkali-loaded soils and also for nematode resist
ance, although unions may not be as good. Almond is little used, but 
does well for especially dry, warm soils. 

It will be noted that plums are more variable than the other fruits dis
cussed, both as to stock requirements and fruitfulness. This difference 
between closely related varieties and species carries over to top-working 
as well. While most Japanese varieties will do well on European varie
ties, the reverse is not true. It may be said, with special meaning, that a 
plum should be identified both as to variety and species before one can 
make the best cultural recommendations. 

Planting and Growing the Orchard. Both one-year and two-year nurs
ery trees are planted, and the earlier discussion regarding the apple ap
plies. The younger tree suffers less interruption in growth upon trans
planting than does the older. Planting distances vary with variety and soil 
fertility. A spacing of 20 to 25 feet is common. Young trees should be 
planted as early in the spring as practical and will do best if cultivated 
for the first few years. Cultivation, plus cover crops as for peaches, is the 
usual system in most areas. However, plums are more tolerant of compe
tition from sod and even neglect than are most other fruits. 

Fertilizer requirements depend upon soil type and cultural practices. 
If grown on a deep heavy soil with cultivation, plums may fail to show 
much response to fertilizer. Under sod culture, considerable nitrogen 
may be required, especially on light, infertile soils. It is important to ap
ply enough fertilizer to ensure moderate new growth, especially for the 
Japanese varieties, which bear, to quite an ext~!1t, on one-year wood. 
However, heavy fertilization delays color formation and maturity, espe
cially important for the early varieties. 

Pruning. Plum varieties vary so much in type of growth that one prun
ing system cannot be recommended. The development of a modified 
leader type of tree as for apples is more important than with peaches. 
Plum trees normally remain in production for many years and bear heavy 
crops which tend to break down open-center-trained trees. The amount 
of pruning wries, according to species and crop use. European plums 
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are pruned much less severely than the peach, but more heavily for des
sert varieties than for prunes or those varieties used for canning. The 
Japanese varieties are pruned more heavily than the European varieties 
to induce more vegetative growth and to increase fruit size. 

Thinning. Plums often set crops far in excess of what the tree can carry 
to marketable size. Hand thinning of the fruit to a spacing of 2 to 3 inches 
as soon as possible after the June drop is commonly recommended. Thin
ning not only increases uniformity, size, and color, but may reduce tree 
breakage by more evenly distributing the load. In humid areas, the brown 
rot disease may spread rapidly from fruit to fruit, especially when they 
are close enough to touch one another. 

Harvest and Handling. Fruits should be harvested when almost mature 
for best quality and maximum sugar content. When fruits are shipped 
long distances, quality standards must be compromised and fruit har
vested while less mature. A combination of firmness and color change is 
used to determine proper maturity, and the balance between them varies 
with variety, as with pears. Precooling and transit under refrigeration 
allow more mature fruits to be harvested, and this results in increased 
volume as well as quality. In harvesting, care should be exercised to 

. prevent bruising and removal of the waxy coating, or bloom, on the fruit. 
Fruit cooled pronlptly to 30 to 32°F may be held from two to four weeks 
in reasonably good condition. However, as with peaches, plums lose 
quality rapidly if stored for long periods. 

Prunes are generally harvested at a riper stage than otl'er plums and 
may be knocked to the ground by shaking the tree or allowed to fall 
naturally. Washing, treatment with hot lye to remove wax, and piercing 
the skin with a series of needles prepare the fruits for rapid, even dry
ing. 

CHERRIES (Pronus) 

Cherries are grown widely throughout the country, but commercial 
production is largely limited to the West Coast and the Great Lakes area. 
Cherries are not as widely distributed as plums in the South or extreme 
North because of insect- and disease-control problems and winter injury. 
There are two main types grown: the sour, or pie, cherry, P. cerasus, 
grown primarily in the Great Lakes section, and the sweet cherry, 
P. avium, grown mostly on the West Coast. Practically all pie cherries are 
calmed or frozen, while sweet cherries are sold as fresh fruit and 
processed as well. 

SWEET CHERRIES (P. avium) 

Sweet cherries produce large trees which bloom v:ery early in the 
spring, are subject to winter injury of the wood, and, in humid areas, to 
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FIG. 12-7. Young unpruned sweet cherry tree. When this tree is grown, the crotch area will be crowded. 

fruit splitting and disease as maturity is approached. Trees recover 
slowly from cold injury and must be grown on deep, well-drained soils 
for best results. As with plums, both self-sterility and incompatibility are 
problems. Therefore several varieties should be interplanted, and selec
tion of suitable varieties should be based on local recommendations. 
Fruit is borne annually from buds occurring in clusters of two or more on 
spurs or near the base of moderately vigorous,shoots. 

Propagation, Planting, and Growing the Orchard. Two rootstocks are 
used for the budding of cherries: the Mazzard, which is a wild sweet 
cherry originally coming from Europe, and the Mahaleb, also from 
Europe, but more closely related to the sour cherry. The Mazzard stock 

. is used almost exclUSively for sweet cherries grown on the West Coast. 
In the East, Mazzard stock is less generally available, but produces larger, 
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more vigorous, more productive, and longer-lived trees for both sweet 
and sour cherries. Propagation is more difficult and therefore expensive, 
anc1 the stock is less winter-hardy. 

One-year trees are preferred for orchard planting. Early-spring plant
ing is recommended to avoid root injury from cold during the first winter 
and to ensure a good start of the, roots before top growth begins. Many 
failures with sweet cherries can be traced to too-late planting. Since the 
trees are relatively large at maturity, a spacing of 24 to 36 feet is gen
erally advised. 

The one-year whips are headed to 30 to 48 inches, depending upon 
vigor. Shoots are allowed to develop to several inches in length, and all 
those are then removed which do not fit into the desired scaffold system. 
Natllrally, the sweet cherry makes a tall central leader tree difficult to 
handle and subject to breakage and rot when narrow angles are formed. 
Therefore a well-developed leader tree, with four to five well-spaced 
limbs, is recommended. Continuing attention should be given to main
tain the dominance of the selected limbs and to prevent the formation of 
weak crotches. Heading leaders back to lateral branches and thinning 
out multiple side branches constitute most of the pruning of mature 
trees. If the framework is well developed, little detailed pruning is neces
sary. 

Cultivation with cover crops is the usual cultural system. Cultivation 
should begin several weeks before bloom and should be avoided during 
bloom a~d fruit set. Any injury to roots at this critical time may result in 
a poor set. Since the crop is matured early, cover crops may be planted, 
in early summer. Stimulation of growth through the use of fertilizers is 
usually not necessary, although good soil depth and natural fertility are 
factors to be considered in 'selecting a site. Less nitrogen is required for 
sweet cherries than for peaches. 

SOUR CHERRIES (P. cerasus) 

The sour cherry tree is about the size of a well-grown peach tree. 
Bloom comes somewhat later than that of the sweet cherry and there
fore is less often damaged by late-spring frosts. Trees are about as hardy 
as the more tender apple varieties, but the swelling buds and flowers are 
more tender. In general, sour cherries are self-fertile and give good 
crops in. solid blocks., provided that pollinizing insects are present. 
Montmorency is the principal variety. ' 

Propagation, Planting, and Growing the Orchard. Most sour cherries 
are propagated on Mahaleb stock, although, as noted above, Mazzard 
stock may produce a better tree. The Mahaleb stock is hardier and more 
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tolerant ·of adverse soil conditions. Trees should be planted in early spring 
at a spacing of 20 to 25 feet. 

One-year whips are usually recommended, and they are headed back 
to about 24 inches. The sour cherry has an open, spreading growth habit 
and is often grown to an open center. However, a modified leader type 
is less likely to develop crotch rot, a common weakness with this species. 
As with other fruits, heavy pruning tends to delay profitable production. 
Therefore training early by de-shooting to develop only the desired 
limbs can be recommended. 

Fruit buds are plOduced laterally on one-year terminals as with peach, 
and also from spurs. The terminal bud is vegetative. Short terminals will 
have lateral fruit buds almost exclusively, while longer terminals will 

FIG. 12-8. Shoot of Montmorency sour cherry showing terminal iocation of fruit 
and sparse foliage during early periOd of growth. 
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have some vegetative buds also. Thus short terminal growths produce 
practically no side branches and eventually become long and leggy. 
Pruning should be severe enough to induce terminals 6 to 12 inches long, 
which, in turn, will then produce side branches and spurs, as well as 
fruit. Since spur buds are usually hardier than those on the terminals, a 
balance between the two types of wood may result in a crop on the 
vigorous tree when none is produced on the less vigorous one. Ferti
lizer applications should be combined with pruning to produce the 
desirable amount of terminal growth, since pruning alone will unneces
sarily reduce the crop. 

Cultivation with cover crops produces the biggest trees. However, sour 
cherries may be grown in sod if sufficient nitrogen is used. On light soils, 
a complete fertilizer may give improved results. Understanding the 
bearing habit of the tree and adjusting cultural practices to produce the 
desired type of growth is recommended rather than specified amounts 
of fertilizer, which can, at best, be but a guess. 

Cherries ripen early in the season and usually before water shortages 
are felt. However, increase in size as maturity is approached is very de
pendent upon adequate mOisture, and irrigation should pay well under 
some conditions. The danger of oversupplies of water at maturity is very 
great, and heavy rains or even high humidity may result in great losses 
from fruit splitting and disease. Thinning fruits for disease control, as 
with plums, is not practical. 

Harvesting and Handling Cherries. Cherries increase rapidly in size 
and quality at maturity. Therefore they should be left on the tree as long 
as practical. A one-third increase in size may occur during the period 
when harvest is considered a possibility. Cherries harvested for fresh-fruit 
use are removed with the stems and should be promptly packed and 
cooled. The degree to which harvest can be delayed depends somewhat 
on shipping distance. Long-time storage is not practical. A temperature of 
32°F is recommended if cold alone is used. However, it has been found 
that the use of 25 per cent carbon dioxide at a temperature of 45°F pro
duced best results from the standpoint of freshness, firmness, and freedom 
from decay. 

Cherries for processing may be harvested without stems. Rapid move
ment to the processor is important so as to avoid the decay accelerated 
by damaged flesh where the stem pulls out. Transport in tanks of ice wa
ter has been found to increase both quality and efficiency. 

EVERGREEN FRUITS 

Tht: evergreen fruits, of which the citrus group is of greatest economic 
importance in the United States, differ from deciduous fruits in several 
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fundamentals which influence culture. Growth may be almost con
tinuous in some portion of the plant or occur as one or more flushes, 
depending upon temperature and moisture supply. Where rainfall is sea
sonal or where relatively cooler temperatures occur at some time in the 
year, growth more nearly approaches the seasonality of the deciduous 
fruits. 

Evergreen fruits are borne on subtropical or tropical plants, and the 
trees as well as blossoms and fruit are tender to low temperature. While 
some may survive temperatures as low as 16 to 20°F, others will be 
badly damaged at 26°F or higher. Moreover, survival need not assure 
long tree life or profitable fruit production. Growth rate and quality of 
fruit are often correlated directly with high temperature. Temperature 
influences are critical enough so that a high windbreak which diverts cool 
sea breezes may markedly affect time to maturity and quality of fruit. 
There are variet.11 as well as species differences. For example, oranges 
are usually successfully grown farther north than grapefruit, and 
lemon is more tolerant to cold than lime. A high-quality variety of 
avocado (Mexico la), although too small for commercial production, has 
nearly the resistance to cold of the orange and is grown as a dooryard 
tree farther north than most varieties. The commercially important 
Fuerta variety is less tolerant of cold. 

Evergreens, unlike deciduous plants, do not normally store large re
serves of manufactured foods. Thus growth is more closely related to cur
rently available leaf surface, existing climatic conditions (temperature 
and sunlight), and soil nutrients and water. The evergreen buds do not 
have the long rest period of most deciduous buds, and therefore new leaf 
surface rapidly replaces that removed by pruning if environmental con
ditions are satisfactory. Growth stimulation from pruning is less pro
nounced and thinning of fruit is less satisfactory as a means of increas
ing size. 

Generally, response to heavy applications of nitrogen is increased fruit 
production rather than simply vegetative growth, as often happens with 
the fruits previously discussed. Citrus fruits do best on a deep, well
drained soil, but will tolerate less favorable soils better than most 
deciduous-fruit plants. Some varieties, such as the Valencia orange, may 
carry maturing fruits, small fruits, and blossoms Simultaneously. As 
might be expected, the set of blossoms and sticking of the new fruits may 
be related both to the volume of the maturing crop and tree vigor. 
About 35 inches of water is usually considered necessary for a gooci crop. 

As indicated above, heavy applications of nitrogen are frequently 
profitable. Most soils carry sufficient phosphorus for the trees, although it 
may be added for better cover crops. Deficiency of this element is ex
pressed on citrus by a thickening of the rind and less juice. Potassium 
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deficiency results in small fruit before the leaf-scorch symptoms usually 
associated with a lack of this element occur. Manure tends to supply 
enough in California, but fertilizer sources may be used in Florida. 
Magnesium deficiency is common, especially in Florida, and zinc de
ficiency is sometimes a problem in California also. 

Citrus fruits are generally self- and cross-compatible. Many clones set 
some fruit parthenocarpically (Navel orange and Marsh grapefruit al
most exclusively). Cultivated varieties have been selected in part for 
freedom from excessive seed-iness (Valencia orange). Fruits store well 
on the tree and may be left there for months after satisfactory ma
turity and quality have been achieved. Fruits of orange and grapefruit 
may turn from green to yellow or orange through a loss of chlorophyll. 
Re-greening may occur if the fruit is not harvested, and ethylene is used 
to de-green them again. 

Orange (Citrus sinensis). The sweet orange is a major fruit crop in 
Florida and California. Florida's crop starts with early varieties such as 
Hamlin and Parson Brown, followed by Pineapple, Homosassa, and Jaffa 
for P1idseason, followed by Temple,3 and finally by Valencia in the 
spring. In California, because of variations in climate, Navel and Valencia 
-the two principal varieties-may be harvested from some part of the 
state almost continuously. 

The wood of the orange tree is very tough and suffers very little 
breakage. Trees are long-lived (60 years or more) under favorable con
ditions and begin bearing a few fruits two to three years after orchard 
planting. However, commercial production is not reached as rapidly as 
with either grapefruit or lemon. Blossoming tends to occur during a 
single flush that extends over a period of five or six weeks during which 
flowers open and fruits set. Flower-bud initiation may be influenced up 
to a few weeks before flower opening and may occur singly from apical 
or near-apical stems or in the axils of a growth flush in progress. Blos
soms have a distinctive and pleasant odor. Many more blossoms are 
produced than are necessary for a full crop, 3 to 7 per cent setting fruit 
being enough. A small crop results in low quality-thick rind and dry 
pulp-while too heavy a crop reduces size. However, hand thinning does 
not result in the size increase which might be expected. 

Starting the Orchard. Trees are budded to various rootstocks, none of 
which appear to be satisfactory for all situations. Sour orange stock is sus
ceptible to virus diseases but resistant to Phytophthora common in hu
mid _ tropical areas. Rough lemon stock results in lower-quality fruit, 

• Temple, while possibly a natural hybrid between the sweet orange and some 
variety of mandarin, is usually shipped as an orange. The skin separates more readily 
than with ordinary oranges, and the fruit is considered best for eating out of hand. 
Production will, no c;loubt, increl4Se. 
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which may not move when the market is well supplied. Better nutri
tion appears to overcome partially this deficiency in quality. Sweet 
orange seedlings result in good-quality fruit but have susceptibility to 
Phytophthora. The trifoliate orange shows some promise, at least in 
Florida, because of its resistance to cold. 

FIG. 12-9. Nursery training of young citrus tree to a stake. Lower shoots will be 
rubbed off, and a two- to four-shoot head developed (left). Young tree transplanted 
to grove (right). 

Seedling rootstocks are transplanted to the nursery when of good size 
(usually 12 to 18 months), about a foot apart in rows spaced for easy cul
tivation. Care is taken to prevent bending of roots, especially the tap
root. After about a year, trees may be budded (usually September to 
November in Florida) using an upright or inverted T. Budwood is 
ideally selected from bearing trees of proved productivity and trueness 
to type. Trees from Y:! to % inches in diameter and budwood which is 
round rather than angular make most satisfactory stock and cion, re
spectively. When buds start growth, the seedling top may be removed 



334 Introductory Horticulture 

and a stake placed to support the trunk. The shoot is topped to induce 
the development of four to five good side branches 18 to 24 inches from 
the ground. Spacing these branches as advised with apple is not usually 
considered necessary or worthwhile because of the strong wood and 
crotch formation. 

Nursery trees are planted in the grove after one to two years in the 
nursery and spaced 25 to 30 feet apart each way. A stake may be driven 
at the desired location, and soil dug away about it to form a basin. The 
stake is then removed, and the hole used to accommodate the taproot. 
Lateral roots are spread carefully, soil is put over them, and the 
newly set tree is watered. It is important to plant at the same depth as 
in the nursery. 

Groves are commonly cultivated to reduce weed competition when 
moisture is short and planted to cover crops to protect the soil from heat 
and maintain organic matter when moisture is adequate. Complete 
fertilizer or nitrogen alone may be applied prior to periods of normal 
growth Hushes. As noted earlier, there are deficiency problems wi~ 
citrus fruit generally. Dwarf growth and various difficulties of fruit 
quantity and quality appear to be associated with some of these de
ficiencies. Where sulfur has been used to help control rust mite, extreme 
acidity has resulted and lime is recommended. On the sandy soils espe
cially, additions of dolomitic limestone (supplies magnesium too) must 
be rather exactly controlled lest the pH be brought above 6.0 and tend 
to tie up zinc, manganese, copper, and iron. 

Relatively little pruning is done on citrus during, the early years once 
the scaffold branches have been established. Deadwood should be re
moved as a means of improving pest control. Suckers may be removed, 
as well as low limbs which interfere with spreading fertilizer, cultivating, 
or harvesting fruit. While pruning is frequently neglected and experi
ments generally show reduced yield without the invigorating effects se
cured with apple, and especially peach, oranges and other citrus will 
stand extremely severe cutting back. When trees begin to crowd or be
come too high, cutting limbs several inches in diameter is practiced. 
Multiple power saws have been developed to simplify this so-called 
hedging operation. Spraying for pest control is important, and soil treat
ments for nematodes may become necessary. Irrigation is of value in most 
areas and essential in others. As indicated earlier, about 35 acre-inches is 
necessary for a crop, and timing is important since it inHuences growth 
Hushes and fruit set as well as the normal development of the fruit. 

Frost protection is a major problem in many orange-growing sections, 
and orchard-heating methods have been highly developed. TheinHuence 
of elevation and bodies of water discussed in Chapter 3 should be re
called to mind. Properly balanced nutrition is also important to cold re-
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sistance. In heating operations, the emphasis should be on many small 
fires and a clean flame for maximum efficiency. 

Fruit must meet definitely specified requirements as to percentage of 
juice, contents of solids, and ratio of solids to acid. As indicated earlier, 
fruit sets over a period of time and reaches maturity at diHerent times 
also. Thus harvesting may involve going over the trees several times or 
"storing" early-maturing fruits for a period on the tree. Harvest may be 
most carefully done with blunt-nosed clippers. A twist and pull are more 
rapid. In the first instance, injuries from clipper points are possible, and 
in the second, the skin of a certain number of fruits will be tom (called 

FIG. 12-10. Orange grove approaching stage when crowding will occur. 

plugging) in the process. While less susceptible to injury from bruising 
than apples and peaches, rough handling may lead to considerable loss 
from rots during marketing. Fruit to be immediately processed for juice 
or slices requires less care. 

Fruit is prepared for the fresh market by de-greening (if necessary), 
washing, waxing, sizing, grading, and packing. Limited storage is possi
ble. Since very expensive equipment is necessary for efficient han
dling, most of the fruit is handled by large packing plants rather than by 
individual grove owners. Contract pruning, spraying, and harvesting are 
also common. 

Grapefruit (Citrus paradisi). The grapefruit, probably a variant of the 
pummelo or a hybrid between that and some other citrus species, is the 



336 I ntroduf-tory Horticulture 

second most important citrus fruit and is grown, primarily, in Florida and 
Texas. 

Grapefruit trees bear early and more heavily than the orange and 
make a larger tree. They are propagated much as are oranges. Sour 
orange stock has been most generally used except on sandy soils where 
rough lemon has the advantage. Sweet orange has been tried also. Plant
ing is 30 by 30, or better, 35 by 35 feet apart because of the greater 
size. 

The Duncan is an old variety grown widely in Florida and is dis
tinguished by a large number (30 to 60) of seeds. There are many 
variations which defy classification. The fruit quality is good, and much 
of the crop goes into juice and canned sections where seediness is less of 
a detriment. The Marsh or Marsh Seedless (only two to eight seeds) has 
been well received on the fresh-fruit market in spite of a lower sugar 
content. The trees are very vigorous, heavy producers, and resistant to 
cold and drought. Strains (Pink Marsh originating in Florida and Ruby 
in Texas) have the advantage of distinctive coloring and are grown to 
some extent. 

Grapefruit flower initials develop shortly before flowering and, as with 

FIG. 12-11. Power pruning equipment developed in Florida for handling crowded 
orchards. Much cf the work is done on a fee basis. (Courtesy Citrus Experiment Sta
tion, Lake Alfred, Florida. ) 
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the orange, tend to produce most blooms in one principal flush in March 
and early April (Florida). Flowers form on long shoots, which makes for 
early bearing. Trees may tend to be biennial while young. Pollination 
is no problem, and less nitrogen is required for good growth than with 
the orange. The tree is slightly less tolerant of cold. Fruits tend to ap
pear in clusters, but are actually home from separate inflorescences. It 
apparently takes from 60 to 75 leaves to develop a fruit, and there is a 
tendency for fruit to absciss if fewer than 50 to 60 are available. 

Grapefruits require more heat for good quality than do oranges. They 
may hang on the tree for two or three months after reaching satisfactory 
market maturity. Dropping is sometimes a problem and chemical stop
drops are sometimes used. Leaving fruit on the tree too long causes a 
thickening of the rind and, of course, greening. Cold storage at luw 
temperatures results in rind pitting and other disorders, while high
temperature storage increases water loss and the growth of'molds. Har
vest is by clipping or pulling, as with oranges, although considerable 
natural dropping may be permitted when the crop is to go to the canners. 

Very little pruning is required beyond the removal of deadwood and 
the few suckers which may appear. Complete fertilization, including at
tention to minor elements and a spray program, is necessary. 

Lemon (Citrus limon). Lemons were first introduced to Florida but, 
because of disease problems (scab) , are grown primarily in the dry areas 

FIG. 12-12. Citrus-grove response to heavy hedge-type pruning. Vigorous new wood 
devel0I:s very rapidly. 



338 Introductory Horticulture 

of California. The two most important varieties are Eureka and Lisbon. 
The lemon is also generally propagated by budding. The sour orange 

rootstock is good because of resistance to gummosis, but is somewhat 
dwarfing. Sweet orange is valuable for weak strains. With rough lemon 
rootstocks, fruit develops less acidity. 

Lemons are rapidly growing trees which may bear the third year in 
the orchard. While the growth . is more continuous, with less pronounced 
flushes, than with orange or grapefruit, the Bower buds are initiated 
shortly before opening and thus subject to being inBuenced by both fa
vorable and adverse growth conditions. Long shoots are produced, and 
the response to pruning is more nearly like that of deciduous trees. 
Pollinization is no problem. 

Lemons are spaced 18 to 25 ·feet apart, depending upon the strain 
grown. It is important that the soil be well aerated to avoid serious de
cline in vigor. Pruning is done to keep the trees within bounds and 
thinned out enough to facilitate harvest. Heavy pruning will materially 
reduce yield. 

Fruit is harvested by size from 7 to 14 months after blossoming, de
pending upon the season. Available heat during the growing season is im
portant to rate of sizing. Some lemons are harvested in the winter and 
spring and stored for the summer trade. Ethylene is used to ripen the 
fruit. Mold control is important both because of direct loss and the in
direct effect of ethylene evolution by the disease organism and too rapid 
ripeniDg. Storage at 80 per cent relative humidity and 40°F is possible 
for a few months. 

Avocado (PeTsea americana). the avocado is an evergreen fruit of 
considerable importance in California and, to a lesser extent, in southern 
Florida. In California, the principal variety is Fuerta, thought to be a 
hyb-id between the Mexican and Guatemalan races. The fruit is large 
and pyriform, with a smooth, thin skin, harvested primarily from Novem
ber to June from blossoms which opened from December to April. Ma
ture fruit runs from 18 to 26 per cent oil at maturity. In Florida, Fuerta 
does less well because of disease and Lula is one of several varieties 
grown there. In general, the oil content is not as high in Florida even 
for the same variety. Varieties of the least hardy West Indies race may 
have smaller fruits but develop more rapidly. They are usually grown in 
Florida. 

The tree is usually vigorous, growing to 60 feet in some cases. The . 
wood is strong in the crotches, but the limbs are subject to breakage. 
Branches tend to elongate from the end of branches rather than from 
water sprouts as with most citrus. Growth occurs in definite Bushes, and 
starch accumulates between periods of growth as with deciduous trees. 
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Water and nutrient absorption appear to be through root tips rather than 
roothairs. 

The avocado may be grown on a wide v:uiety of soils from clay to 
sand provided that drainage is good. Propagation is by budding (Cali
fornia) or side grafting (Florida) on seedlings. Cion wood should be 
selected from productive strains. Trees are pruned to shorten branches 
and thus reduce breakage and for orchard convenience. Windbreaks are 
used to reduce breakage also. 

A vocado blooms very heavily over a long period and sets relatively 
little fruit. Thousands of blossoms may be borne at some seasons, exhaust
ing reserve food supplies and setting no fruit. Low temperature may be 
one factor. Even under good conditions, a ratio of ODe fruit to 500 blos
soms has been estimated for Fuerta. Bees are active in pollinization, and 
most varieties are considered self-fruitful at least some of the time. Trees 
are planted from 20 to 40 feet apart, depending upon variety, soil, cli
mate, and the severity of pruning contemplated. 

QUESTIONS 

1. 'What special influence does temperature have in determining peach prod'lction in the South? In the North? 
2. What are the theories given to explain the occurrence of winter injury? 3. What prior conditions and speCial circumstances influence winter injury at a fixed temperature? 
4. What forms of winter injury are most common by areas? 
5. What are.the differences between dormancy and rest as discussed in this text? 
6. From what type of growth are peach fruits produced? Does this fact influ-ence cultural practk-es? How? 
7. Discuss training the young peach tree. 
8. How do you explain fall blooming of some fruit trees? 
9. How are peach fruits thinned? Why is it important? 

10. What is spot picking apd why may it be practiced? 
1]. How does the nectarim! differ from the peach? 
12. What are the two most common species of plums grown in the United States? How do they differ? 
13. How does the pruning of dessert and prune varieties of Prunus domestica differ? 
14. Where are sweet and sour cherries grown commercially? 
1.5. What rootstocks are used for sweet cherries? 
16. Describe fruit-bud production on sour cherry. How would you vary pruning for hest crop production? 
17. How does the response of evergreen fruit plants to nitrogen applications differ from that of most deciduous fruit plants? 
18. What happens to the calor of oranges left on the tree after the yellow color develops? What is done about it? 
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19. How does the toughness of orangewood inHuem:e the training practices 

with young trees? 
20. How does the blossoming habit of the orange differ from that of the apple? 

21. What is meant by hedging in a citrus grove? Is pruning m the usual sense 

widely practiced? 
22. Are grapefruit successfully stored for long periods? Why? 

23. How is harvesttime determined with the lemon? 

24. Where are avocado generally grown? What growth habit makes pruning 

desirable? 
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CHAPTER 13 

Small Fruits 

Small fruits are grown extensively in the United States both commer
cially and in the home garden. The classification includes the straw
berry, which may be grown in nearly every state, bears within 15 
months or less, and requires a relatively low investment; and also the 
cranberry, which may be grown successfully in a few areas only and in
volves a capital expenditure higher than for almost any other outdoor 
horicultural enterprise. Strawberries, brambles, currants and gooseber
ries, blueberries, cranberries, and grapes will be considered briefly in 
this chapter. 

STRAWBERRY (Fragaria chiloensis) 

The cultivated strawberry is divided into two groups on the basis of 
method of fruiting. The more important is the so-called "June-bearing." 
Actually, fruiting may start in December in Florida and extend into July' 
in the Northern states, but only one crop is borne per season from buds 
initiated the preceding year. The other is the so-called "everbearing." 
Flower buds are formed and fruit is borne the same season. In the 
North, fruit from ~arly-spring plantings of ever_bearing varieties ripens in 
late July and until cold weather. The same_ plants will bear fruit the 
following spring, along with the June-bearing varieties, and after a short 
rest, again during late summer and early fall. Both temperature and 
length-of-day responses are involved in determining bearing habit. 
Varieties sUi!ed to special climatic conditions and yielding heavily over a 
long period of lime have been developed at the Uwversity of Cali
fornia. 

The fruit of the strawberry is an enlarged receptacle bearing numer
ous seedlike achenes. Size and number of fruits per plant are positively 
correlated with leaf surface. Cultural practices should be directed to
ward the development of numerous large leaves early in the season. 
Thus early planting, fertile soil, weed and pest control, and, in some 10-

341 
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cations, irrigation are desirable. Strawberry beds may be continued in
definitely but, because of weed control and pest problems, usually bear 
from one to three crops. 

Site and Sou. Strawberries are grown as a cultivated crop. Planting on 
steep slopes should be avoided, and rows should run on the contour, even 
on gentle slopes. Elevation gives valuable protection from frost and stand
ing water. The time of ripening of the fruit will be influenced by both 
soil type and direction of slope. A sandy soil facing the south will pro
duce fruits especially early. 

Strawberries grow well on a wide variety of soils. Abundant moisture 
and good drainage are both essential, and large amounts of organic mat
ter will imp:-ove yields. In general, the lighter soils are preferred, espe
cially if irrigation can be supplied. A disease (red stele), causing brown
ing and killing of the stele, or core, of the roots, is more troublesome on 
cold, poorly drained soils. Soil reaction is not especially important in 
strawberry growing, but both extremes should be avoided. A pH of 5.5 to 
6.5 is recommended. 

Strawberries should ordinarily be planted on soil used for other cul
tivated crops at least one season. This will eliminate many weeds and re
duce the danger from the grubs of the June and Japanese beetles often 
found in sod land. The rate of strawberry root generation is not suffi
ciently rapid to withstand grub damage. Manure, lime, and heavy appli
cations of fertilizer used to improve the soil should be applied to the 
crop preceding strawberries when possible. Protecting the. soil from 
erosion by a winter cover crop is recommended. The year strawberries 
are planted, about 1,000 pounds of a 5-10-10 fertilizer should be applied, 
one-half a week or more before planting and one-half between the rows 
just before runners begin to develop. Some growers apply a side dress
ing of nitrate of soda in August and again just before blossoming the 
following spring-about 100 pounds per acre each time. The strawberry 
root system is easily "burned," and all soil amendments should be very 
thoroughly incorporated into the soil. 

Plants and Planting. The strawberry increases by the production of 
runners which develop from buds in the axils of the leaves. These runner 
plants produce fruit the following season or may be separated from the 
"mother" plant and used to establish a new bed. For both purposes large 
well-developed runner plants are desirable. Varjeties differ in their capac
ity to produce runner plants. A heavy plant maker is desired by the 
propagator, but the plants of such a variety may be so numerous in the 
bearing bed as to require thinning out. For the home garden, sufficient 
runner plants may be taken from an old bed to set the new one. Commer
cially, whole beds may be dug for plants. Propagation beds are usually 
heavily fertilized to favor maximum plant growth. 
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Strawberries may be planted in either the fall or spring. Fall-set 
plants make an early start in the spring, provided they are not damaged 
by heaving or extreme cold during the winter. A heavy mulch may be ef
fective in protecting them. Early-spring planting is usually recom
mended. Plants should be kept dormant until set. If plants are secured 
from farther SQuth where they start earlier, or if locally grown plants can· 
not be set promptly, they may be placed in cold storage at 31 to 32°F 
for a week or two. Unless held dormant, the reserve food supply will be 
utilized in producing leaves and blossoms and will not be available to 
develop the necessary new roots when planted. At planting time, all 
blossom buds and all but three or four inner leaves are removed. If 
plants are allowed to fruit early the first season, vegetative growth will 
be insufficient. Plants should be set at crown level with the roots well 
spread in soil which has been plowed deeply and thoroughly harrowed 
and smoothed. 

To a limited extent in the North, strawberries m~y be planted in Au
gust. Small pots are plunged in the ground near a mother plant, and 
runner plants allowed to root in them. When such plants have a well
developed root system, they may be cut loose and transplanted with 
practically no slowing up of growth. Such plants are set about a foot 
apart and will fruit the follOWing spring. Plants not potted may be trans
planted from a nearby bed, especially if considerable earth can be 
moved about the roots. This late transplanting allows for use of the land 
for other purposes early in the season. The extra labor cost is too great 
for general commercial application. 

Training Systems. There are three general training systems for straw
berries: the hill system, the spaced-row system, and the matted-row 
system. 

Hill System. In the hill system, runners are cut off so that all the 
available manufactured food goes into the production of large many
crowned mother plants. Such plants may be set 12 to 18 inches apart in 
rows spaced 2 to 3 feet apart. Frequently, two or three rows of plants are 
set close together, and these beds of plants separated by 2-foot alleys. 
The spacing distance will'depend somewhat on the fertility of the soil, 
available water supply, and convenience of cultivation. Under the hill 
system, larger berries may be expected, but'the tota! crop per acre may 
be less and production costs are higher. 

Spaced-row System. In the spaced-row system, runners are allowed to 
develop, but the number and spacing of the new plants are regulated. By 
limiting the number, greater average size of plant results, and experi
ments have demonstrated that yields may be increased. The ultimate 
spacing of runner plants found most advantageous will vary with variety 
and growing conditions. Tests in Rhode Island showed that Catskill 



344 Introductory Horticulture 

should be spaced from 7 to 8 inches apart for maximum yields. On Cape 
Cod, plants are frequently set 12 inches apart and two runners allowed 
to develop, one to either side. Three or four plants are allowed to de
velop from each runner. The rows are spaced 3 to 4 feet apart. 

Matted-row System. Under the matted-row system, mother plants are 
set 12 to 36 inches apart in rows 4 to 5 feet apart. Runn~rs are allowed 
to root as they develop, and a solid mass of plants 3 to 4 feet wide may 
result. With varieties wQich produce runners abundantly, such as Cats
kill and Temple, plants may become so numerous and closely spaced 
that total yield and berry size are reduced. With varieties which are shy 
runner producers, such as Red Star, or under conditions of low fertility, 
crowding need not occur. However, if few plants are the result of poor 
growing conditions, heavy yields cannot be expected under any system. 

FIG. 13-1. Strawberries grown under heavy sawdust mulch in Maine. The matted-row 
system is used, and rows are planted on the contour. Heavy nitrogenous fertilization is 
practiced. 

Many training variations are possible, including two narrow matted 
rows with wide alleys between. In general, if the plant row exceeds 2 
feet in width, some berries on the inside may be missed. Devices have 
been developed for cutting unwanted runners. An enlarged cooky cutter 
will serve for the hill system. Sharp cutting · disks may be used to main
tain row width at a given point for the other systems. 

Soil Management. Thorough soil preparation and a high level of fer
tility are important and, as stated above, should be attained at least one 
year before setting the plantation. Once plants have sent out runners, it 
is difficult to add organic materials, lime, potassium, or phosphorus to 
the rooting area. The objective"'of soil-management practices should be 
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rapid growth during the first season. The earlier runner plants set root 
and the larger they become, the more fruit buds will be formed during 
the fall. 

Weed control is especially important. The strawberry plant has a shal
low and restricted root system, and very shallow cultivation should be 
the rule. Chemical weed control is often practical. The selective herbi
cide 2,4-D will kill most weeds except grasses with only slight injury to 
the strawberries. Crag Herbicide # 1 or Sesone prevents the growth of 
germinating weed seeds for a period of about one month after cultiva
tion and does not injure the berry plants if applied at a rate of about 
3 pounds per acre. 

In some areas, geese are solving the weed-control problem in straw
berry beds. Geese will eat most weeds and are especially fond of grasses. 
Young goslings do a better job than their parents, and three to five per 
acre may be expected to give good control. The geese require water and 
some shelter. T:lese necessities may be placed at opposite ends of the 
field so that the birds will travel back and forth along the rows. As· the 
berries begin to ripen, the geese should be removed. They do very lit
tle, if any, damage to the plants up to that time. 

Mulches of straw, sawdust, or pine needles reduce weed-control prob
lems, conserve moisture, and keep the soil cool. This latter advantage 
may be especially important on sandy soils in Southern areas. The 
availability and cost of materials must be considered. Also, the decom
position of organic mulches brought about by soil bacteria may tie up 
soil nitrates to the pOint that plants suffer. To counteract this, additional 
applications of nitrate of soda or a similar nitrogen carrier may be made. 
Mulches are sometimes applied prior to, or immediately after, planting. 
In such cases, it may be necessary to assist in the rooting of runner 
plants by holding them against the soil with small stones, pot labels, or 
piles of the finer mulch materials. Under conditions of frequent rains or 
heavy dews, this may not be necessary. Under drought conditions, it may 
be necessary even when plants are growing on bare ground. 

Winter Care. Winter-protection practices vary. Strawberry crowns may 
be damaged by temperatures of lOOF or lower. Most of the old roots die, 
and thus the plants are insecurely anchored. Therefore, especially on 
heavy soils, they suffer from heaving during alternate freezing and thaw
ing. Where plants are close together and have a heavy mat of old leaves, 
some mutual protection is proVided. Mulching with straw, pine needles, 
or sawdust will help prevent extremes of temperature and heaving. 
Leaves or other materials which tend to mat should not be used because 
they may shut off sufficient oxygen to kill the plants. Mulches are applied 
about the time of the first real freeze and should be pulled away from 
the crowns as growth starts in the spring. If the excess is pulled into the 
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rows, it will help control weeds and prevent packing of the soil and spat
tering of the berries with dirt. Mulch materials should be free of weed 
seeds. 

Renovation. Many growers plant one spring, harvest a crop the follow
ing spring or early summer, and then turn the bed under. If disease or 
insect problems are serious or if weeds are out of control, this practice is 
recommended. However, it is possible to renew a bed and maintain it for 
one or two more years of fruiting. Although practices differ, all agree 
that renewal should take place promptly after fruiting. Common practice 
consists of cutting off the old leaves, fertilizing with manure or 500 to 800 
pounds of a 7-7-7 fertilizer, and reducing the number of plants by plowing 
or cultivating so as to leave a narrow row only. If irrig:o:tion is available, 
a quick resumption of growth may be expected. 

Ha.rvesting. Most berries ripen over a period of two to four weeks, 
depending upon the variety and the season. It takes about 30 days from 
blossl'm to fruit, and first blossoms normally produce the largest fruits. 
Beds should be picked every two to three days, depending upon rate of 
ripening. Berries are usually picked into quart baskets held in short
legged trays holding from two to eight baskets. Grading may be in the 
field for local markets or in sheltered sheds or packing houses for ship
ping. For nearby markets, trays holding 16 to 20 baskets one layer deep 
are used. There is no bruising of the top berries. For shipment, crates 
holding 16 to 24 baskets in two or three layers are used. Early-season 
berries are packed in pints. 

The fruit ripens about twice as fast for each increase of 15°F in tem
perature. Therefore harvesting in the cool of the day, keeping berries in 
the shade, and refrigeration will prolong life. Yields vary widely, but 
yields of from 6,000 to 10,000 quarts per acre are possible if the crop is 
well grown. Under ideal conditions, inc.luding irrigation, much higher 
yields have been reported. 

Varieties. Strawberry variety performance varies widely under different' 
soil and climatic conditions. While most varieties have perfect flowers, 
a few do not, and provision must be made for pollination. There are many 
local varieties of equal or better quality than the recommended commer
cial varieties. One should not hesitate to use them. On a national basis, 
Blakemore leads all others and is adapted to Southern regions. Howard 
17, or Premier, has been the standard variety in the Northeast and 
MarshalI in the Northwest. The Shasta is very popular in limited areas of 
California. The variety situation changes rapidly, and local recommenda-
tions are most reliable. . 

Pests. Strawberries have both insect and disease pests, but may be 
grown successfully in some sections without spraying. Breeding has in
creased general resistance to the leaf spot disease, and varieties resistant 
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to red stele (Temple and Sparkle) have been developed. Leaf roller, 
strawberry weevil, and cyclamen mite are troublesome in some localities, 
as are some virus diseases. The purchase of virus-free plants from a 
nearby nursery is considered good practice. 

BRAMBLES (Rubus) 

The brambles include raspberries, blackberries, and other related ber
ries characterized by perennial root systems and biennial canes. The 
fruiting canes normally grow one season and fruit the second, altLough, 
in some cases, fruits are borne on the tips of the current season's canes 
during the fall and on shoots from lower buds the next summer. The 
fruits are drupelets, held together in part by interlacing hairs and either 
separating from (raspberries) or adhering to (blackberries) the fleshy 
receptacle at harvesttime. Brambles ordinarily reqUire large amounts of 
water as the fruits mature and are frequently tender to cold or drying 
winter winds. They are subject to virus diseases of several types and 
strains which reduce the bearing life of plantations and make planting of 
two species such as red and black raspberries in adjacent plots unwise. 
Apparently, strains of virus mosaic tolerated by one species may be 
particularly virulent on another. 

Bramble fruits ordinarily have a short shelf life, and plantations are 
usually -developed close to market, although in some cases red rasp
berries are shipped from the West Coast to the Atlantic seaboard. A 
large number of pickers is reqUired for a relatively short time, and this 
factor, as well as prospective markets, should be taken into considera
tion. Since fruit blossoms open late in the spring and fruit ripens in 
midsummer, freedom from frost is not as important as protection from 
extreme cold in winter. Good air drainage also helps reduce disease. 

Deep, well-drained soil is very important. Large amounts of organic 
matter, northern slopes, and mulches improve soil and water conditions. 
Cultivation of the soil at least one year before starting the plantation is 
important for weed control and allows the deep incorporation of lime 
and complete fertilizer. Well-prepared enriched soil may result in a 
plantation being in full bearing a year earlier. 

Raspberries. Raspberries are of three types (red, black, and purple). 
Of these, the red raspberry is the most widely grown bramble in the 
United States, with important areas in Maryland, New Jersey, New York, 
Michigan, Minnesota, Washington, Oregon, and California. Red rasp
berries come from the European wild red raspberry, Rubus idaeus, or 
more generally directly or through hybridization with the American R. 
strigosus. They have erect canes, are propagated by suckers, and bear red 
fruits (except the yellow of Amber) which separate from the receptacle 
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at maturity. The fruits are very soft and perishable and tend to crumble 
if roughly handled. They are usually used in the fresh state and are con
sidered a delicacy. Latham, Milton, Taylor, and September are all good 
varieties for the East Coast, and Washington and Williamette for the 
West Coast. 

FIG. 13-2. Showing the large leader buds at the base of a red raspberry cane. These 
buds give rise to the largest canes and are those used in the hill system. (After USDA. 
From E. P. Christopher, "The Pruning Manual." The Macmtllan Company, 1954. 
Used with pennission of The Macmillan Company.) 

Black raspberries, often called blackcaps, come from the American 
R. occidentalis found growing wild in the Eastern United States. They 
are grown commercially less widely than are red raspberries in western 
New York, Michigan, Kansas, Maryland, and Oregon. The bulk of the 
crop is used by processors for jams, ice cream, and soda mixes. The fruits 
are smaller but firmer and more seedy. Because of virus diseases, 
plantations should not be planted adjacent to red raspberries. The black 
raspberry fruits are borne on branched arching canes. They are propa-
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gated from plants forming when cane tips strike the ground, rather than 
from suckers. Bristol and New Logan are two leading varieties. 

The purple raspberry, R. neglectus, is the most productive and is a 
hybrid between the red and black. The growth habit and propagation 
are similar to those of the blackcap, but the fruits are larger and softer. 
They are used fresh and for canning, but are grown commercially in a 
limited way only, especially in western New York. Columbian, Cardinal, 
and Sodus are well-known varieties. 

Establishing the Plantation. Both fall and spring planting are practiced 
with red raspberries. Fall planting has the advantage of an earlier start, 
better Iabor distribution, and less damage to the leader buds. There is the 
risk of winter injury, but where winters are mild and mulch is available, 
fall planting can be recommended. With black and purple raspberries, 
spring planting is usually preferred, because better or more mature plants 
may be secured at that time. In some districts, the rainy season may 
deterID:ine planting time. 

Planting systems and distances vary with growth conditions (fertility 
and water supply), the type of cultivation planned (hand or tractor), 
and personal preference. The hill system allows for cultivation in several 
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FIG. 13--3. Two training systems for raspberries. (After USDA. ) 
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directions and ease in harvesting, but results in less, althClugh possibly 
better, fruit. In case of disease, eradication of the affected plant is 
simplified. In this system, plants are set 5 to 8 feet apart each way and 
are trained to from five to eight canes per hill. A stake is used for 
support. 

The linear (used generally for black and purple raspberries) and 
hedge systems allow for power cultivation in one direction only, and 
thus involve more hand hoeing. However, since more plants stand on an 
acre, greater yields may be expected. In the linear system, plants may be 
set 2 to 3 feet apart in rows spaced 6 to 10 feet apart, and suckers 
(shoots coming from the roots rather than the lower part of the original 
cane) are removed. Roguing for disease is simplified. In the hedge sys
tem, commonly used for red raspberries, suckers are allowed to grow 
too, with the result that a solid row 1 to 2 feet wide is developed. 

Before or immediately after planting, most, if not all, of the cane 
aboveground should be cut off, collected, and burned. This treatment is 
very important for disease and insect control and to prevent fruiting the 
first year. First-year fruiting will prevent the development of strong 
shoots for the second year and may delay commercial fruiting at least 
one year. Red raspberries may be planted 2 to 3 inches deeper than they 
grew before. With black and purple raspberries, it is important to avoid 
setting the plants deep enough to smother the growing tip. 

Adequate moisture is important from the start. In their natural habitat, 
many brambles grow in partial shade, and they transpire more per unit 
of leaf surface than many other plants. Weed control through shallow 
cultivation (the feeding roots develop close to the surface), or better 
still, mulching the plantation with straw, etc., will help conserve available 
moisture. Since yield, as well as plant growth, depends upon an ample 
and uniform water supply, irrigation is strongly recommended. Not only 
may yields be greatly increased, but the harvest season may be extended 
considerably. Both cultivation and irrigation should be stopped early 
enough after the harvest season to ensure proper hardening of the new 
canes. If the soil is very fertile, planting an annual cover crop may, by 
competition, help to slow up vegetative growth. In some areas, further 
preparation for winter may include pulling the canes to the ground and 
covering them with straw and soil. 

Pruning. Pruning consists of the removal of the two-year canes, thin
ning out one-year canes, and the heading back of those left to fruit. Re
moval of the older canes immediately after fruiting has some merit. More 
room is available for the new canes, and danger of spreading insects and 
diseases from the old to the young growth is reduced. Where diseases 
and insects are less of a problem, the old canes may be left to provide 
some support and winter protection. Performing the entire pruning job at 
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one time may result in some saving in labor. Pruning of the new canes 
should start in early spring as soon as danger of extreme cold is over and 
in time to ensure completion of the job before growth starts. 

With the red raspberry trained to the hedgerow system, all weak 
shoots and suckers growing between the rows should be removed. The 
remaining canes should be thinned out to stand. on the average, about 
5 inches apart. There is no merit in ever leaving weak canes, and the 
number of strong canes safely left will vary with the soil fertility and 
available water supply. On fertile soil where irrigation can be supplied, 
closer spacing is possible. Since some of the best-fruiting buds are on the 
upper part of the cane, severe heading back of red raspberry canes is not 
recommended. Where growth is so vigorous that canes need support, it 
should be supplied. Vigorous branched canes are most productive, but 
heading back to induce branching results in weak, unproductive wood. 
Support for red raspberry is provided, except for the hill system where 
single stakes are used, by one or more wires attached to posts with or 
without cross arms. Canes may be tied to a single wire placed about 
5 feet high or simply allowed to come up between two wires spaced 
about 1 foot apart. Often bearing canes are trained to one side of the 
row to allow more room for the development of the new shoots. 

Black and purple raspberries have a branching growth habit and 
should be rather severely pruned. When the growing shoots have 
reached a height of about 18 inches for the blacks ami 30 inches for the 
more vigorous purples, the terminal should be pinched out or cut back to 
induce low side branching. Numerous side shoots will be developed by 
fall. The following spring, these laterals should be cut back to six or 
eight buds. These few buds will produce an adequate volume of fruit of 
increased size. Such fruit sells better and is easier to harvest. Experi
ments have indicated that canes less than Y:J inch in diameter are rela
tively unproductive and that a plant will ordinarily carry as many large 
canes as it will produce, providing the laterals are cut back as indicated. 
With this pruning system, supports for black and purple raspberries are 
seldom required. 

Blackberries. Blackberries of various forms are found growing wild in 
much of the United States and are widely cultivated. The presence of 
thorns discourages the grower, relatively large seeds displease the con
sumer, and the availability of wild forms for the picking takes the edge 
off the market. However, with superior varieties grown with sufficient 
moisture to ensure size and allowed to mature sufficiently for full 
sweetness, the industry can be expanded. 

Rather large planting:; are found in Texas, Oregon, Oklahoma, Ar
kansas, Washington, Ylichigan, and North Carolina. Blackberries include 
various related types of Rubus such as Logan, Young, and Boysenberry. 
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FIG. 13-4. Growth habit and pruning of black and purple raspberry. (After USDA. 
From E. P. Christopher, "The Pruning Manual," The Macmillan Company, 1954. Used 
with permission of The Macmillan Company.) 



Small Fruits 353 

Besides the distinct erect type represented by Eldorado and the trailing 
dewberry (Lucretia), there are hybrids between them-so-called semi· 
trailing blackberries such as Evergreen and Himalaya. A hybrid betweeL 
blackberries and raspberries, developed in Texas (Nessberry), has prom· 
ise for home gardens in the South. As with raspberries, almost all varie
ties of blackberries are self-fruitful. 

The erect form has large, dense berry clusters and is handled much as 
are purple raspberries. The trailing types produce fruit earlier in looser 
clusters and are trained to stakes or trellises, much as are very vigorous 

·.red raspberries. The erect forms are propagated by suckers or root cut-
tings, and the trailing types by rooting tips. Blackberries are even more 
dependent upon adequate moisture as fruit matures than are raspberries 
With inadequate water, some individual drupelets do not develop and 
the fruit is very seedy. 

Establishing and Caring for the Plantation. Blackberries thrive on a 
wide variety of soils but will not stand poor drainage. In Northern sec
tions, at least, too-high fertility may lead to unproductive vegetative 
canes which winterkill severely. In the East, the erect type blackberry is 
planted about 3 feet apart in rows 8 to iO feet apart and cultivated in 
one direction. With the trailing dewberry, the hill system is frequently 
used and spacing is 3 to 7 feet apart in rows 8 to 10 feet apart. 

Planting is usually done during the late winter or early spring. Early 
planting, when moisture conditions are better, is strongly recommended. 
The plants should be set at least as deep as they were in the nursery, 
and the top cut back to a few inches. Shallow cultivation and weed con
trol to ensure rapid growth are important. 

As soon as the crop is harvested, the old canes should be removed and 
burned. Some thinning out of the new canes should be practiced at this 
time also. It has been recommended that no more than 3 or 4 
lIew canes on the erect varieties, 4 to 8 canes on semitrailing, and 12 
to 16 canes of the trailing dew berries be left to develop during the 
summer. Removal of any extra canes will result in those remaining be
coming larger and more productive. When suckers develop, pulling them 
will result in fewer repeats than cutting them by hoeing or cultivation. 
The tendency to sucker will be increased by deep cultivation, which in
jures the roots. Erect blackb':)rry terminals should be cut off or pinched 
at 30 to 36 inches to ensure low side branching. 

Training and pruning systems vary widely in different parts of the 
country and cannot be detailed here. In the West, semitrailing types are 
trellised much as are grapes. The relative cost of stakes, posts, wire, la
hor, and local custom are all factors. 

Fertilizing Brambles. A commercial fertilizer is usually used, although 
barnyard manure at the rate of 10 to 12 tons is recommended, if avail-



354 Introductory Horticulture 

FIG. 13-5. Training practice and fruiting habit of a trailing blackberry or dewberry. 
(After USDA.) 
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able. About one-third as much poultry manure may be used. The manures 
add organic matter and minor elements as well as nitrogen, a little phos
phorus, and potassium. The amount of chemical fertilizer applied will 
vary with the fertility of the soil and the brambles concerned. Blackber
ries are easily forced into excessive vegetative growth and may not re
quire any chemical fertilizer if on fertile soils. 

With red raspberry, potassium has been reported to give especially 
good results. Applications of 600 to 1,000 pounds per acre of a 5-10-10 
fertilizer are recommended. 

Harvesting Brambles. Brambles may be harvested directly into sales 
containers or may go through a packing-house operation, depending upon 
quality of picking labor and market plans. The minimum of handling is 
desirable. Red raspberries are usually harvested and marketed in pints, 
while blackberries are usually sold in quarts. It is important that pickers 
be provided with a basket holder, either attached to the person or on 
legs, so that both hands can be used for picking with a minimum of lost 
motion involved in placing the berries in the boxes. 

Berries may sunscald if exposed to the sun for any length of time after 
picking. Therefore frequent removal to a cool, well-ventilated structure 
is very desirable. Where sufficiently trained lab or is available, grading 
in the field may be practiced. In most cases, a plantation should be 
picked at least twice a week, and overripe berries should be harvested 
to reduce spread of molds, etc. Transportation should be in v,ehides 
which will cushion the load lest full containers arrive slack and with in
jured berries. 

Brambles may be expected to bear a small crop the second year and 
stay in annual production for from 8 to 15 years, depending upon the 
maintenance of soil organic matter, fertility, and disease control. Yields 
vary from 1,000 to 2,500 quarts per acre in the East for raspberries to 
3,000 quarts or more for blackberries and dewberries. On the West 
Coast, yields of red raspberries several times as high are common and 
somewhat better yields of Young, Logan, and Boysenberries are also 
reported. 

Pests. Virus diseases, generally spread by sucking insects, are a major 
problem with brambles. Anthracnose. spur blight, crown gall, verticilIium 
wilt, and rust are also sometimes involved. Aphis, mites, cane borers, and 
leaf miners should be controlled also, and local spray schedules should 
be used. 

CUHHANTS :\:\,D GOOSEBEHHIES 

Currants and gooseherrk.i :\1 e of limited economic importance, with 
principal protiuct:on of currants in :\'e\V York, '\lichig<m, '\Iinnesot~l, 
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Pennsylvania, California, and Washington and gooseberries in Cali
fornia, Oregon, Washington, and Michigan. In some sections of the 
United Slates, currants may not be grown, because they are the alter
nate hoSt of the white pine blister rust, a devastating disease of this 
important timber crop. Currants are classified botanically as Ribes, and 
may be red, white, or black, and of several species, including satioom 
(Chautauqua and Wilder), satioom var. macrocarpon (Cherry and Fay's 
Prolific), houghtonianum [Perfection and White Dutch (white) and 
nigrnm, Naples ( black) ]. Gooseberries are classified as R. grossularia. 
Downing, Poorman, and Red Jacket are common varieties. 

Currants are used for jellies and pies, while gooseberries are used for 
preserves, pies, and as fresh fruit. Gooseberries are usually harvested 
while green in color and not mature. When allowed to mature, they are 
delicious to eat out of hand, and greater popularity is possi~le. 

Currant and gooseberry plantations may be exp~ted to yield for 10 
to 12 years, provided borers are controlled. Production should run 
about 4,000 quarts per acre for currants and a little more for goose
berries. 

Currants and gooseberries are propagated by hardwood cuttings and 
mound layering. They may be grown on relatively wet soils, provided 
water does not stand there. Site selection should include air drainage 
for frost control and rapid drying after rain to avoid mildew. Native to 
woodlands in the Northern United States and Canada, they do well on 
cool slopes and interplanted with fruit trees which provide some shade. 

Very early spring planting, using well-rooted one-year-old plants is 
recommended. Plants are spaced 4 to 5 feet apart in rows 8 to 10 feet 
apart to allow for cultivation and spraying. A complete fertilizer, such as 
a 7-7-7 at the rate of 800 pounds per acre, should be sufficient. 

Currants bear fruit on wood which grew the previous season, plus 
some on spurs on older wood. Pruning is therefore a renewal proposi
tion. With red and white currants, a bearing bush may contain three 
canes three years old, four canes two years' old, and six canes one year 
old. This allows for loss each year from borers or low vigor. With black 
currants, greater emphasis is placed on young canes. With gooseberries, 
the procedure is similar. Wood older than three years is seldom pro
ductive and is removed. 

Both currants and gooseberries will keep on the bush for several days' 
after reaching maturity, and thus the harvesting of the crop may be 
concentrated into a few pickings. Fruit should be kept out of the sun 
because of the danger of sunscald. Marketinr is usually in quart con
tainers. 
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BLUEBERRIES 

<Most horticultural industries are based upon selected types and 
varieties of the crop concerned. The blueberry industry, while including 
a rapidly developing high-bush culture, still depends for volume upon 
wild plantations receiving relatively little of what we generally consider 
cultivation. A member of the family Ericaceae which includes rhodo
dendrons, azaleas, and bayberries, both blueberries and cranberries be
long to the genus Vaccinium. The huckleberry, often confused with 
the blueberry, is of a different genus, Gaylussacia, but in some cases 
is harvested and sold for the same purposes. Huckleberries have 10 
relatively large seeds, while blueberries have many small ones. While 
most huckleberries are black, this is not a safe basis for distinguishing 
them, since many true blueberries are also black in color. 

, ~,:,";" 

FIG. l~. Flower clusters and shoots of' high-bush blueberry. Fruits are borne on 
shoots which develop the current season. (After USDA.) . 
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Various species of blueberries are harvested over much of the Eastern 
part o£ the country and on the West Coast. The intensity of cultivation 
varies from none to the intensive cultivation of the high-bush blueberries, 
including mulching, irrigation, and spraying for pest control. Selected 
plants of the Rabbiteye blueberry [V. virgatum (ashei)] were trans
planted from the wild in Florida before 1900, and today an industry 
has been developed in several Southern states involving around 4,000 
acres. While some improvements in quality have been made through 
selection, much more work needs to be done. 

The California, or Box, blueberry .(V. ovatum), growing on the West 
Coast, is harvested for both fruit and ornamental purposes. The branches 
shipped to the East Coast for use by Horists are fully as valuable as 
the berries used for food. 

Low-bush Blueberries_ The low-bush [Vaccinium augustifolium (la
marckii)] is the most important commercial species and is harvested 
from Maine to Minnesota and south in the Alleghenies to West Virginia. 
This species usually grows from 6 to 12 inches high and spreads by under
ground stems so that an individual clone may he several feet across. It is 
not easily propagated or transplanted, but may maintain itself in heavy 
woods for an indefinite period, completely covering the ground shortly 
after logging operations or a forest fire. The fruit is borne qn shoots which 
grew the previous year. Plantings tend to run o(!t rapidly after a few 
years unless renewed by burning. Burning reduces . con.petition from 
ferns, laurel, brush, etc., and prunes the bushes. Similar stiIJi~llation of new 
growth does not follow hand pnming and chemical weed control. Burning 

FIG. 13-7. Fruiting cluster on good field of low-bush blueberries in New Hampshire. 
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every three years is practiced in New Hampshire and Maine in late 

winter or early spring. Hay and oil are frequently used to start the fire. 

Low-bush blueberries may be hand-picked, but are usually harvested 

by raking. The berries are run through a grading machine in the field 

or at a packing shed and shipped to the fresh-fruit market in quart 

containers covered with cellophane or delivered to the canners in larger 

boxes. The fruit fly (Rhagoletis pomonella) lays eggs in the fruit, 

and the resulting maggots are the principal pest problem. Dusting with 

calcium arsenate twice is generally practiced. The harvest gets under

way in late July and extends for a month or six weeks. The industry 

involves about 150,000 acres in Maine alone and is the principal cash 

crop in some towns. Experiment-station workers in both Maine and New 

Hampshire are seeking methods of crop improvement through weed 

control, fertilization, and pest control. 

High-bush Blueberries. The high-bush blueberry [Vaccinium corym

bosum (australe)] is of increasing importance commercially and is the 

one being grown widely by home gardeners. Growing wild over a wide 

area on the Atlantic Coast in both swamps and on high land, it has been 

more nearly "cultivated" than any other species. Bushes normally grow 

from 4 to 6 feet high and, unlike thp low-bush, require several years to 

bear full commercial crops after pruning to the ground by hand or by 

FIG. 13-8. Cultivated blueberry bush produc:ing he,','y (:TOP of large berries. 
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fire. Wild plants may be improved by cutting out competing brush, pnm
ing, and fertilizing. The annual value of such almost wild berries runs to 
well over 1 million dollars. 

The late Dr. Coville of the USDA began experimenting with cul
tivated high-bush blueberries and pioneered the development of an in
dustry which now amounts to several million dollars. Dr. George Dar
row, another USDA scientist, together with various experiment-station 
workers, has developed new varieties and improved methods of cul
ture. Since this species is of such general interest, cultural practices will 
be given in more detail. 

Selection of Bllleberry Land. Although blueberries are widely dis
tributed on many types of soil, profitable production can be expected 
only where certain basic requirements are met. 

1. Frost. Blueberry plants are fairly hardy, but it is advisable to 
select land free from late-spring and early-fall frosts. 

2. Water relations. Blueberries are very sensitive to a high water 
table during the growing season. The water table should be at least 20 
inches below the surface. However, the moisture requirements are high, 
and a constant supply is important. 

3. Soil reaction. Soil on which most blueberries are found growing 
wild is very acid, and a pH reaction of from 4.0 to 5.0 has proved very 
satisfactory. 

4. Organic matter. A high percentage of peaty organic matter in the 
soil is desirable. 

Preparation of the Soil. When possible, the soil should be prepared at 
least one season ahead of planting in order to incorporate thoroughly 
fertilizer and organiC materials and to bring weeds, especially quack grass, 
under control. 

Plants and Planting. Blueberries may be bought as rooted cuttings 
or as plants one to five years of age. In most cases, it will pay to buy 
two- to three-year plants. It is important to secure plants from a repu
table nursery which guarantees trueness to name. 

Blueberries may be set either in fall or early spring. When winters 
are comparatively mild, fall planting allows for a more rapid growth in 
spring. However, since winter weather cannot be predicted with cer
tainty, it is considered safer to plant , just as soon as the soil can be 
worked in the spring. Plants are usually set 1 inch deeper than they 
were in the nursery, 6 to 8 fee~ apart~ in roWs spaced 9 to 10 feet apart. 

Pruning. Pruning should start immediately after planting and be con
tinued each year in March or early April. Most pruning . may be done 
with sheaIs . . All weak, spindly growth should be removed from newly 
set plants. The large compound buds should be remoyed to prevent 
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fruiting the Brst year. Early fruiting will delay the vegetative growth 

necessary for large-sized bushes, and thus a profitable plantation. 

The more vigorous b'lshes may be allowed to bear a very small crop 

the second year. All weak shoots should be removed. 

The third year, most bushes may be allowed to bear a small crop, 

but the emphasis still is on establishing a good, strong, vigorous bush 

-not on fruit production. Weak, thin growth should be removed, and 

the remaining wood should be thinned out to ensure the production of 

bearing canes for the following year. 

Well-grown bushes may be considered mature at the beginning of 

the fourth year in the field (provided they were started as well-gro.vn 

two- or three-year plants). There are three objectives in pruning a 

mature bush: (1) prune lightly enough to ensure a heavy crop the cur

rent year; (2) prune hard enough to secure large-sized berries; and 

( 3) prune enollgh to balance crop and bush vigor to secure sufficient 

new fruiting wood, and thus continuous bearing. By pruning lightly 

one year, the size of crop may be greatly increased at the expense of 

future crops. 
In pruning blueberries, always remove weak shoots no matter where 

they occur. Low lateral branches close to the ground are usually re

moved also. Thin out shoots in the center of the bush to allow for some 

side branching. Older canes should be removed first, and then younger 

shoots as necessary. It is a healthy sign to see three to five new shoots 

breaking near the base of the bush each year. If these shoots do not 

occur, more severe pruning is needed. 

Fertilization. Experimental data on fertilization of blueberries are 

limited. Most growers agree, however, on a 1-1-1 ratio mixed fertilizer, 

such as a 7-7-7 or 10-10-10. If possible, at least half the nitrogen should 

be in a slowly available organic form. There are normally two periods 

of top growth. The first starts in early spring and continues for several 

weeks. Secondary growth starts in late June and continues until late 

summer. Newly set plants should n:lt be fertilized until the secondary 

growth period starts. About 3 ounces, or a small handful of 7-7-7, should 

be spread over the rooting area and cultivated into the topsoil at that 

time, and a second application may be made in late July. The ferti

lizer application should be increased each year until mature bushes are 

receiving about 1 to 11 ~ pounds per plant, applied two-thirds in late 

April and the rest in June. There is some evidence that blueberry 

plants respond hetter to sulfate of ammonia thun to nitrate of soda as 

a nitrogen source. 
Soil ~ll11wgelllellt. Blueherries are relatively poor competitors for wa

ter and nutrients and rC(luirc good soil 'lcration. In many areas, clean 
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cultivation is practiced during the growing season. A cover crop is 
grown during the late summer and winter, both to slow up vegetative 
growth in the fall, thereby increasing winter hardiness, and to limit 
soil erosion. Clean cultivation has proved very successful. Berries have 
been grown in sod with heavy nitrogen fertilization with less favorable 
results. 

Mulch systems are receiving considerable favorable attention. In a 
comparison of clean culture, straw, and sawdust at the Rhode Island 
Agricultural Experiment Station, the superiority of sawdust mulch was 
very evident. Yield under straw mulch was about equal to that under 
clean cultivation, but les:> labor was involved in weed control. Prelim
inary tests with wood chips indicate that this material may be substi
tuted for sawdust. W{th good culture, yield of between 2,000 and 
3,000 quarts per acre may be expected. Under sawdust, the soil re
action remained praccically constant. Soil temperatures were higher in 
the winter and lower in the summer and remained relatively constant 
from day to day. Soil moisture supply was highest under sawdust. 

108 
104-
100 
96 
92 

EFFECT OF MULCHES ON SOIL TEMPERATURE 

_____ air temperature 
• • • I dean cultivation 

----- sawdust mulch 

A.M. p.M.1 
Aug. 11 

A.M. p.M.1 A.M. P.M. 
Aug. 12 Aug. 13 

FIG. 13-9. Sawdust mulch provides a soil temperature which varies little from day to day. (From Rhode Island Agricultural Experiment Station, Bulletin 312, 1952.) 

Propagation. Blueberries may be propagated by stumping, tubering, 
and both soft and hardwood cuttings. Propagation is difficult and re
quires more than ordinary attention to details. Stumping and hardwood 
cuttings are recommended and will be described. 
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Stumping may be practiced when a few plants are desired and con

sists of cutting a bush back to 2- or 3-inch stubs in early spring and pro

viding suitable rooting media about the base of the new shoots which 

develop. A frame 6 to 8 inches high is placed about the stumps and 

filled with a mixture of horticultural peat and sand. The peat mix

ture is thoroughly moistened and covered with a light mulch of leaves or 

straw to hold the moisture. New shoots will push up through the rooting 

material and root at their base. The following spring, these rooted shoots 

are cut off and set in the nursery. 

Hardwood cuttings are generally recommended for commercIal re

production. Cuttings are made from fully dormant one-year shoots. The 

shoots from which cuttings are made are usually 10 to 30 inches long 

and are referred to as "whips." Shorter shoots may be used but have pro

portionately more flower buds which must be removed. 

Cutting wood may be taken in late fall and stored in a cool, moist, 

but not wet, place. Sphagnum moss or old sawdust may be used to main

tain proper moisture conditions about the cutting wood. Ideally, the 

cutting wood is taken in early April and used at once. Any wood showing 

evidence of winter injury should be avoided. 

Cuttings are usually 3 to 4 inches long and from ~ to % inch in di

ameter. A smooth cut at a 30° angle is made just below the bottom 

and slightly above the top bud. Cuttings are pushed into the propagat

ing media until only the top bud is above the surface. They are usually 

set 1 inch apart in rows spaced 2 inches apart. After setting, thorough 

watering settles the material about them. Leaves will develop shortly, 

and high humidity is necessary until roots begin to form following this 

first top-growth period. Shading and sufficient ventilation to prevent 

mold are necessary. 
When the secondary top growth begins, it may be assumed that roots 

have formed, and fertilization is recommended. A nutrient solution 

may be made by adding 2 to 3 ounces of a garden fertilizer to 1 gallon 

of water and allowing it to stand overnight. About 1 ounce of nitrate 

of soda or -a high-analysis commercial starter solution may be used in

stead. One quart of this solution may be used for each 50 square feet 

of surface. The foliage should be rinsed with water immediately after 

application. Weekly applications until mid-August are desirable. 

Rooted cuttings are usually left in the propagating bed overwinter 

and protected from alternate freezing and thawing by a straw mulch. 

They are set in the nursery 1 foot apart in rows with 18-inch spacing. 

Propagating trays may be made of any convenient size with 6-inch 

sides. Copper or galvanized screening is placed on the bottom to exclude 

grubs, moles, and mice and provide thorough drainage and aeration. 

The tray may be set on coarse gravel or cinders, or may be placed on 
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cedar logs to keep the bottom a few inches off the ground. Trays should 
be protected from direct sunlight and excessive drying in a lath house 
or under a shade of cheesecloth, tobacco cloth, or Hy screening var
nished to reduce light penetration. More even temperature and light 
conditions will be secured on the north side of buildings. Propagating 
media may be horticultural peat, or better, a mixture of peat and sand, 
half-and-half by volume. 

Harvesting. In harvesting blueberries, pickers should be instructed to 
handle fruit carefully and to avoid tearing and bruising. All ripe fruit 
should be picked so that no overripe fruit will be present at the next 
picking. Berries continue to grow and enlarge for some time after they 
appear ripe. Too-early harvesting results in reduced yield. By allow
ing berries to become fully ripe, the Havor is improved also. The entire 
plantation should be picked at least once a week. 

Most cultivated blueberries are placed in pint baskets for sale. Many 
growers cover baskets with an identifying sheet of cellophane held in 
place by a rubber band. Such a covering reduces water loss, protects 
from dust, and improves the appearance. Depending upon the local de~ 
mand, it may pay to do some sizing. 

"ariety Selection. Blueberries require cross-pollination for maximum 
crops. Therefore at least two varieties should be planted. To provide for 
a long picking season, early, midseason, and late varieties may be 
selected. A suggested list for Ne..v England might include Earliblue, 
Bluecrop, Berkeley, Herbert, and Coville. The rating of common 
varieties by Dr. Darrow is given in Tables 1 and 2. 

Table 13-1. Rating of Blueberry Varieties 
(l = poorest; 10 = best. I = earliest; 10 = latest.) -

Variety Season Color Size Scar Flavor Remarks 
Earliblue 1 8 8 8 8 Won't drop, hardy lvanhoe 3 8 9 9 9 Not fully hardy 
Bluecrot' 5 9 8 :) 8 Drought-resistant, very hardy Berkeley 6 10 10 8 7 Firm-fleshed 
Atlantic 7 8 8 7 8 Drops, very productive Pemberton 7 6 8 5 8 Most productive, tears Herbert 8 7 10 7 10 Tender-skinned 
Burlington 9 8 7 10 7 Best for storage, very hardy Coville 9 7 10 7 9 on't drop 

SOURCE: Adapted from table in American FOIit Grower, April, 1955. 

BI.ueberry Pests. As large plantings of a crop are made, there is a 
tendency for pest-control problems to increase. Thus, with the cultivated 
blueberry, a spray program has become necessary. 
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Table 13-2. Season of Harvest of Five Newer Blueberry Varieties 

Per cent crop harvested by week 

Variety 1 2 3 4 5 6 7 8 

Earliblue 40 60 
Bluecrop 10 50 40 
Berkeley 20 50 30 
Herbert 20 50 30 
Coville 20 30 40 10 

SOURCE: Adapted from table in American Fruit Grower, April, 1955. 

The particular pests and control measures will vary by section of 
the country, and local advice should be sought. Among the diseases 
encountered may be mummy berry, stunt, powdery mildew, botrytis 
blight, and phomopsis twig blight. The blueberry maggot (fruit fly), 
blossom weevil, and stem borer are insects causing difficulty in some 
areas. 

CRANBERRIES 

Cranberries were harvested by the early colonists and the Indians 
before them from the natural bogs on Cape Cod. Massachusetts is still 
the most important production area, although important quantities are 
grown in New Jersey and Wisconsin and a few in Washington and Ore
gon. The Wisconsin area, because of naturally favorable growing condi
tions, is expanding. 

The cranberry-Vaccinium macrocarpon-consists of trailing runners 
with 4- to 6-inch erect branches which bear the fruit. The entire 
ground surface is covered, and although new branches are being con
tinually formed, a relatively even flat surface is maintained. The roots 
do not have roothairs, and a fungus, mycorrhiza, is associated with the 
fibrous rootlets in the absorption of nutrients. Sanding the bog area 
~very year or two improves conditions for the rooting of new runners, 
covers debris, controls some insects, reduces danger of frost, and, in many 
cases, is the only soil-cultural practice. 

The successful competitive production of cranberries requires level 
peaty soil and abundant water and sand. Since these requirements are 
found in low frosty areas, expensive ditching, leveling, and possibly 
pumping systems are required to allow flooding of the bogs for frost 
control in spring and fall and to prevent freezing damage in winter. 
At one time, summer flooding was depended upon also to control in
sects, but because this practice greatly reduces yield, chemical means 
are now used almost exclUSively. 

Suitable areas are cleared of brush, leveled with bulldozers, divided 
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into convenient-sized bays by ditches to carry water, covered with:a 
3- to 4-inch layer of sand, atld planted, using two or three cuttings 
together plunged through the sand to the peaty soil below in early 
May. The cuttings are 6- to 8-inch pieces of vigorous disease-free 
vines, often cut from the sides of the ditches of. existing bogs, and are 
spaced 9 to 12 inches apart each way. The water level is raised in the 
ditches to secure sufficient moisture to settle the sand about the cut
tings. It is lowered after a day or two to a level which will maintain 
sufficient moisture, through capillarity, for rooting, but not enough to 
exclude oxygen. This new planting is weeded as required and may be 
expected to cover the bog and begin fruiting the fourth year. 

Water supplies are usually ponds or swamp areas but may be large 
streams. Depending upon relative elevation, water may be run into or 
pumped into bogs, using large centrifugal pumps. Since it takes nearly 
30,000 gallons of water to cover an acre 1 inch deep, the volume of 
water necessary for a large bog is tremendous. In frost control, the 
water level is raised just enough to raise the temperature to a safe 
point. In case of light frost conditions, filling the ditches is enough. It 
is equally important that water be removed from the bog quickly to 
avoid sunscald and other damage to the plants. Since flooding may 
be necessary 10 to 15 times in the spring, the importance of an ade
quate supply, and therefore the tendency to save water where possible 
by pumping it back into the pond, is understandable. 

Fertilizing the bog is not generally recommended, although a small 
amount of nitrogen sometimes improves growth and fruiting. The 
periodic resanding is considered a fertilizer in that it frequently does 
stimulate growth. In older bogs, vines may become too thick and 
may be pruned by using a rake made of sharp knife blades. The rake is 
pulled carefully in only one direction to avoid excessive pruning. 

The control of insects, diseases, and weeds in the bog is a very 
specialized business and need not concern the general horticultural 
student greatly. Fortunately, the cranberry plant is quite resistant to 
oils and chemicals so that selective herbicides can be used. To avoid 
damage to the vines and plants, equipment is rubber-tired, light in 
weight, and may be run on planks or tracks placed on the bog. The use of 
airplanes for spraying is general in some areas. 

Cranberry harvesting has been traditionally a hand operation, using 
a scoop with wooden or metal fingers which would go through the 
vines and remove the berries. Operators work across a bog in groups, 
much as hand mowing and reaping used to be done, each man just a 
few feet behind and one scoop's width to the side of the man ahead. 
Pickers travel on their knees and harvest by pushing the scoop fingers 
under the berries and rocking the scoop back on its base to loosen 
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them. Scooped berries are collected in the base and are placed in 

wooden boxes for removal to hams, where they are stacked so as to 

allow for free passage of air. Mechanical pickers are being used with 

considerable success. After the initial harvesting, the bog may be flooded 

so that berries lost in scooping are floated to the surface and collected. 

The wet berries are more subject to disease and may not store well 

under ordinary ventilated storage conditions. These "floaters" are nor

mally sold for immediate processing into sauce or other products in 

Massachusetts. In Wisconsin, a considerable proportion of the crop is 

raked in water instead of dry. With rapid drying, good results are 

secured. 

FIG. 13--10. Mechanical harvest of cranberries greatly reduces the labor problem. As 

with the hand scoop, a series of metal fingers pass through the vines to remove th~ 

fruits. 

Cranberries are graded by using a bouncing board. They are dumped 

through a screen which removes large debris, sticks, and leaves and 

passed through a stream of air which blows out chaff. They then fall 

onto a board slanted so that the berries bounce at an angle. The firmer 

the berry, the farther it will bounce, and boxes are set to receive dif

ferent grades. Soft berries go into discard; the firm berries are carried 

on moving belts before operators who grade them further. They 

may be packed in cellophane market packages or into cranberry boxes 

holding ?4 barrel. 
The use of cranberries has been greatly increased through cooperative 

efforts in selling and processing. Properly handled bogs may be ex-
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pected to remain productive for a lifetime, but the high initial cost 
makes any mass movement into the business unlikely. 

GRAPES 

Grapes are the third most important fruit crop grown in the United 
States. While there are n;any species, the three of greatest importance 
are (1) Vitis vinifera, the Old World grape grown largely in Californ'a 
and used for wine, raisins, and table purposes; (2) V. labrusca, native 
to the Northeast and grown commercially in New York, Pennsylvania, 
Ohio, Michigan, Ontario, Oregon, and Washington for table use, 
grape juice, and, to a lesser extent, wine; and (3) V. rotulldifolia , 
grown in sections of the South for fresh fruit :md wine. These species 
are readily distinguished. The first two bear fruit in rather large clus
ters with the berries ripening together, while with V. rotundifolia, a 
smaller number of berries are found in a loose cluster and may ripen 
independently. With V. vinifera, the skin and pulp stick together, but 
the seeds are easily separated. With V. labrusca, the skin slips readily, 
but the seeds are imbedded in a slippery mass of pulp. Grapes of various 
colors are found in all species. 

Commercial production of grapes is limited to areas combining suit
able soil, elevation, and climate. Thus V. vinifera, which requires high 
light intensity, much heat, and freedom from extreme cold in winter, 
is limited to the West. V. labrusca, while growing wild in New England 
Clnd other North Atlantic states, is grown commercially in areas ad
jacent to large bodies of water such as the Chautauqua Belt on Lake 
Erie, the Niagara Belt on Lake Ontario, and near Benton Harbor on 
Lake Michigan. V. rotundifolia is grown in the South, where its re
sistance to root injury by an insect, grape phylloxera, and mild winters 
make profitahle production possible. Because of its susceptibility to this 
same insect, V. vinifera is commonly grafted to resistant rootstocks. 

Grapes grow as vines, which may he expected to live indefinitely. 
The fruit is borne from canes which grew the preceding year. Growth 
of the current season is called a shoot. This shoot becomes a cane 
the second season, and a trunk, arm, or branch at three years or older. 
Compound buds give rise to shoots which may be 3 to 10 or more feet 
long and carry leaves, tendrils, and fruits. Vines tend to overbear, and 
therefore heavy pruning is practiced to ensure continual cropping and 
larger, more compact clusters. Some kind of support is provided to keep 
the fruiting vine off the ground. 

Locating the Vineyard. Site selection may well determine success or 
failure. Grapes do best on well-drained, deep soils of moderate fertility. 
Sugar con"ent of t~~ fruit tends to be higher in vineyards located on sandy 
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soils and southern slopes. Such a combination provides early starting of 

growth, maximum heat, and, as a rule, an earlier slowing up of vegetative 

growth. Under these circumstances, maximum carbohydrates are manu

factured and available for storing in the fruit as sugar. Vines on very 

fertile soils grow too late and develop excessive amounts of vegetative 

growth. A soil which is shallow and droughty may support vines which 

slow up growth too soon and, because of lack of water, are unable te 

manufacture the necessary food to carry a large crop to maturity. 

Freedom from frost and extreme winter cold are important. Late 

frost in the spring may kill blossoms, early frost in the fall may cut the 

season too short for proper maturity of fruit, and extreme cold in winter 

may injure wood and kill buds. Proximity to large bodies of water tends 

to hold the vines back in the spring until frost danger is over, to delay 

fall frosts, and, where open water is involved, to temper winter cold. 

Elevation which provides for air drainage is important also because the 

more rapid drying of the foliage after rain reduces the danger of a disease 

such ,IS mildew. Since cultivation is the usual recommended cultural 

practice, a site selection where soil erosion can be controlled is essential 

if the vineyard is to stay productive. Mulches have been used success

fully. 
Prc:pagation. Grapes are propagated by cuttings, layering, and grafting. 

Layering is used with V. rotundifolia because of difficulty in rooting cut

tings. When a few vines of V. labrusca are desired, layering may be prac

ticed. A strong one-year cane is laid in a trench 3 or 4 inches deep with 

the end protruding. The vine may be notched (small cuts below the 

nodes) to speed rooting, although this is not usually necessary. By cover

ing the cane with soil, strongly rooted vines may be produced in one 

season. As indicated earlier, V. vinifera is grafted on to resistant stocks. 

Experimental work in New York has indicated the superiority of certain 

stocks for V. labrusca, but the use of grafted stock is not general. Cuttings 

of strong one-year wood may be taken in the dormant season and stored 

upside down in damp moss or sand until the ground can be worked. They 

should be well callused before spring. Some propagators place cuttings 

in peat moss and secure roots before the spring planting season. Cuttings 

usually include three buds, and a cut is made close to the bottom bud 

and about 1 inch above the upper bud. They are set in the field so that 

only the top bud is showing and are spaced 3 to 4 inches apart in the 

rows. Plants suitable for vineyard planting will be secured in one year 

with strong growers such as Concord and in two years for slower growers 

such as Delaware. 
Establishing the Vineyard. Cultivated crops should be grown on the 

land at least one year 'before planting. On the basis of soil tests, lime and 

complete fertilizer are incorporated, sufficient to grow good cover crops, 
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which are then turned under to build up the organic-matter content of 
the soil. By starting with a fertile soil, full crop production may be ex
pected a year or two earlier. The soil should be plowed deeply. 

Vines are set in early spring and spaced 4 to 5 by 8 to 10 feet 
apart for V. vinifera, 10 to 15 by 10 to 15 feet apart for V. rotundifolia, 
and 8 to 10 feet apart in rows 10 to 12 feet apart for V. labrusca. Spac
ing distance depends upon variety, soil fertility, and cultivation con
venience. Thus, now that tractors are in general use, wider rows are 
necessary than when horse cultivation was practiced. Concord is a 
stronger grower and uses more space than Delaware. Any variety will 
grow larger on rich soil. 

Muscadine grapes (V. rotundifolia) are often trained on overhead 
wires supported by a post 7 to 8 feet abovegr6und set by each vine. 
The European grapes (V. vinifera) may be trained to short stakes set 
for each vine or on trellises as for V. labrusca. V. labrusca vines are 
usually trained to two or three wires supported by posts spaced at in
tervals of two to three vines. The posts are set deeply and extend 5 to 6 
feet aboveground. They should be firmly braced at the ends of the rows 
so as to reduce frost heaving and thus limit slack-wire problems. A No. 9 
wire is strung over the top of the posts and held in position by staples 
which are not "driven home" but are left so that the wire can slip and 
thus be tightened or loosened as the occasion demands. The lower wire, 
or wires, may be No. 12 and are stapled to the side of the posts. 

The development of a desired form is very important with grapes. 
This "training" is quite different from the "pruning" for fruitfulness which 

FIG. 13-11. The cane system of training V. vinifera is recommended and extensively nsed for table grapes. (After University of California. From E. P. Christopher, 'The Pruning Manual," The Macmillan Company, 1954. Used with permission of The Macmillan Company. ) 
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comes later. For instance, with the muscadine grape, the most important 

first step is the development of a single vegetative shoot which will 

reach the top of the post. Only after this 7- or 8-foot trunk is produced 

are fruiting canes allowed to develop at the top, or "head." With Eu

ropean grapes, the trunk may be kept short (12 to 18 inches), and 

fruiting canes developed from this low head trained to the 3- to 4-foo! 

stakes, often being looped so that the vine looks like a bush. With the 

grapes grown in the Northeast, there are many systems, of which the 

four-arm Kniffin, umbrella Kniffin, and fan systems are common com

mercially. For home arbors, the Munson system is frequently used. 

In selecting a training system, what has been said about polarity 

(Chapter 2) should be kept in mind. Strong-growing vines may be 

trained horizontally or downward to slow up vegetative growth and pro

mote an earlier accumulation of manufactured foods. Weaker-growing 

vines, whether due to poor growing conditions or variety characteristics, 

may be favored by a more vertical growing position. With V. labrusca 

and some varieties of V. vinifera, the first and second buds on a shoot are 

relatively unfruitful, and therefore one long cane is preferred to sev

eral short spurs carrying the same total number of buds. 

FrG. 13-12. Young grape vine before and after pruning. Name tag has been removed 

to frevent girdling. and two strong buds saved high on the stem. The weaker shoot 

wil be pinched back slightly after growth is well started to send strength into better 

one. . 
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The development of a four-arm Kniffin system may take but three 
years if strong vines are planted on good soil. At planting time, the vine is 
cut back to two buds. At the end of the first season, the stronger shoot 
is selected and tied to the top wire, cutting it off a few inches above 
that point and removing the second shoot entirely. At the beginning of 
the third season, two to four of the best shoots are selected and tied 
horizontally to the wires for fruiting, and all other wood is removed. The 
frUiting canes are cut back to five or eight buds, depending on vigor of 
growth. A good fruiting cane should have at least the diameter of an 
ordinary lead pencil. There is no merit in leaving weak canes. If growth 
is not vigorous enough to produce a strong cane to form the trunk the 
first year, it is best to cut back to two buds and start over again. The 
umbrella Kniffin system differs in that canes are developed at the top 
wire and the ends pulled down and tied to the lower wire. 

In ·the fan system, both shoots are left at the beginning of the second 
year, being cut back to two buds each. The four resulting canes are 
trained upward at an angle and fruit the third year. With the Munson 
system used on arbors, the vine is trained with one to three main trunks, 
but the head or location of fruiting canes is developed halfway up the 
arbor, or even at the top. Where shade is of major importance, more buds 
may be left than would be the case in commercial plantings for fruit. 
Often the vines on an arbor enjoy better fertility conditions and can 
support more buds. 

Once the framework is established, pruning, except for renewal, is a 
matter of reducing buds sufficiently to ensure good size of fruit -and 
cluster, plus sufficient new wood for fruiting the follOwing year. Too 
great a reduction of buds cuts yield. The pruning should be adjusted to 
the vigor of the vine, decreasing or increasing the number of buds left 
as the vine makes weak or strong growth. From 32 to 60 or more buds 
are left on Concord vines, and while usually distributed on four canes, 
occasionally five or six canes are left if vigor justifies the larger number 
of buds. This is done because the fruitfulness of individual buds may de
crease after the eighth to the twelfth node. 

Because of its bearing habit, the fruiting wood of the grape is at least 
one node farther away from the trunk each year and renewal eventually 
becomes necessary. OccaSionally, a cane ariSing from the main trunk can 
be cut back to one bud instead of being removed entirely. During the 
follOWing year, a vigorous shoot will be produced which can be trained 
to replace one of the elongated arms. In a similar fashion, the entire 
trunk system may be replaced. With the fan system, several short spurs 
are usually maintained near the base so that renewal can take place fre
quently, and thus keep the head low. 
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BEFORE 

C Ip. C 

v.~. Sp. 

---=--~,-=~~~L~_- _ ---- ..:;:::::::: ~.~~- ---
AFTER 

FIG. 13-13. Before and after pruning grape to a four-ann Kniffin system. Several 
renewal spurs (sp.) have been left in , an effort to keep bearing wood nearer the 
main trunk. (From. E. P. Christopher, "The Pruning Manual," The Macmillan Com
/Hmy, 1954. Used with pennission of The MacmiUtm Company. ) 
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Pollination. While some varieties will set a crop alone (Concord and 
Delaware), some will not, and all do better with cross-pollination. Since 
blossoming occurs quite late in the season, wild bees and other insects 
are usually sufficiently numerous to take care of pollination if the different 
varieties are not over three or four rows apart. 

Soil Management. Pruning, cultivation, and fertilizing, in that order, 
are necessary ror good production. On a deep fertile soil, response to 
chemical fertilizers may not be great. Cultivation is important to reduce 
competition from weeds and should start as early as the soil can be 
worked and continued until midsummer, at which time a cover crop of 

FIG. 13-14. Grapes (V. labrusca) are normally grown under clean cultivation and supported on wires strung on posts. 

buckwheat, millet, or Sudan grass should be planted. The cover crop com
petes for water and nutrients, thus slowing down vegetative growth and 
promoting maturity of wood and sugar accumulation in the fruit. A com
plete fertilizer, such as a 7-7-7 or 1O-1O-lO, at-the rate of 800 to 1,000 
pounds per acre, may be applied in early spring. Barnyard manure and 
poultry manure may be used also. Growth response should be used as a 
guide to the proper application. Heavy vegetative, or "bull,n canes may 
be unproductive. Late growth may winterkill. 

Harvesting. Grapes usually attain the expected color (white, blue, or 
. red) before they have reached maximum size and sweetness. This often 
leads to too-early harvest. As ideal maturity is reached, a distinct aroma 
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usually develops. Clusters for the fresh-fruit market are usually cut with 
small shears, placed in trays, and carried to the packing house for sorting. 
Allowing the berry stems to wilt overnight will make packing easier and 
reduce the problem of slack packages. The shed should be cool and well 
ventilated. Deep layers of grapes or compact stacks of boxes should be 
avoided. Baskets holding 2 to 12 quarts are packed for sale. California 
grapes are packed in wooden boxes or lugs for shipment and are gassed 
with sulfur dioxide to check mold development. Fruit may be stored for 
several weeks at 30 to 32°F, but will decay rapidly upon removal and 
will have lost much of its aroma. Fruit for drying for raisins and for juice 
is delivered to processing plants in large trays or lugs varying in size and 
type with the production section and local practice. Yields of around 5 
tons per acre are common in the East. Somewhat less can be expected in 
the South, and comiderably more on the West Coast. 

QUESTIONS 

1. Why are there great differences in strawberry variety adaptability? 
2. What soil and cultural practices are commonly recommended for straw

berries? 
3. How and why should strawberries be given winter protection in the 

North? 
4. Discuss strawberry-bed renovation . 
. 5. What are the edible fruits of brambles and how do they differ? 
6. Discuss the similarities and differences between the three common species 

of raspberries. 
7. How would you prepare the soil for a raspberry plantation? 
8. Discuss pruning red raspberries at planting and subsequently. 
9. What dangers are there to heavy fertilization of blueberries? 

10. Why are currants not planted in some areas? Where are gooseberries pro-
duced commercially? 

11. Distinguish between the blueberry and !he huckleberry. 
12. What are the usual cultural practices with the Iow-bush blueberry? 
13. What are the special site requirements for a good plantation of cultivated, 

or high-bush, blueberries? 
14. How would you prune blueberries? Are new shoots from the base desirable? 
15. What propagation methods are used for blueberries? 
16. What are some of the best new blueberry varieties? 
17. What site requirements greatly limit the production areas for cranberries? 
18. How are cranberries harvested? Graded? 
19. What are some of the differences between Vitis vinifera and V. labruscaP 
20. Why are grapes gene~ally grown near large bodies of water in the East? 
21. How does vigor of the grape variety influence the pruning system? Why? 
22. Diagram and label grape plant parts. 
23. How is severity of grape pruning determined? 
24. How are grapes harvested? 
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CHAPTER 14 

Home Landscape 

Landscape design is an important commercial field in which engineer
ing, art, and horticulture (knowledge of plants and their cultural re
quirements) are combined to achieve beauty and utility. Varying types 
and degrees of specialization are involved, but it is beyond the scope of 
this book to go into detail. However, since most readers will have homes 
of their own, some knowledge of hasic principles as applied to home 
grounds is of general concern and will be presented briefly. 

RATIONALS OF LANDSCAPING 

A well-executed landscaping of property enhances its economic value. 
More suhtle ohjectives are commonly involved. Beauty and varying de
grees of hoth privacy and utility are possihle. Landscaping may seek to 
blend necessary structures into the surrounding terrain or to develop an 
entirely different setting. In the first situation, the use of native trees and 
shruhs informally placed may make a home in the wood appear to he
Icng; in the second, a formal garden in the country or a woodsy nook in 
the middle of a city may he attempted. The prohlems are very different, 
and the ohjective should he clear hefore plans are made. 

Successful attainment of one's ohjectives in landscaping the home de
pends on a realistic evaluation of available time for maintenance and 
financial resources, as well as knowledge of plant materials and art. A 
simple plan, welI executed and maintained, will give much more ulti
mate satisfaction than a plan for a more pretentious garden which cannot 
he well executed or properly maintained. The home grounds should pro
vide for some relaxation, not all work. 

PLANS 

The first step in planning should he a scale drawing of the lot, to
gether with the location of any permanent features such as roads, rocks, 
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large trees, and buildings. The amount and direction of slope should be 
determined. If the house is not yet built, a scale model or diagram may 
be moved about the drawing 'so as to determine the best possible loca
tion. Time used in locating and relocating walks and drives may be well 
spent. It costs little to move a few lines 'on .paper and may save a great 
deal of inconvenience andconsttuction costs. 

Drainage is an important consideration. On a low lot, water from the 
street may contribute to a wetbascment unless diverted elsewhere. The 
ground should, of course, slope away from ·the foundation, but lateral 

FIG. 14--1. The use of three-dimensitmal models helps in the teaching of landscape 
design and may also ·be of help to an individual in working out a plan. (URI ]1hoto.) 

drainage may also be necessary to avoid the accumulation of water on 
the front walk duriilg heavy rains or following the thawing of snow. The 
degree of slope may be very inisleading 10 the eye. Only by using a level 
can one be sure what is involved and thus do intelligent planning. 
Placing the hOltSe either too high 'or tob low may lead either to a lifetime 
of grief or great expense in correcting errors which might . have been 
avoided. While water drainage is the major problem, air drainage may be 
of importance, too. This matter wiII he discussed in some detail later, un
cler climate control. 

If there are lo\\' spots on a lot, several courses are open. If the soil is 
well drained, temporary water accumulation may not 1)(;' seriolls. If the 
soil is tight, slIch areas may he developed into pools or enlarged into a 
pond. If water accumulation is not desired, an open drainage ditch or 
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buried tile may be the answer. Filling low spots is sometimes practical, 

in which case the top soil should be removed first and replaced after the 

subsoil is brought to the desired level. 

The location of walks and drives is very important. In Northern areas, 

especially, the problem of snow removal should be considered. The 

length of drives should be kept at a minimum, sharp curves should be 

avoided, and a place for disposal provided. A drive sloping gently to

ward the street is preferred where possible. A drive which may also 

serve, at least in part, as a walk may save on construction costs. Building 

drives too narrow and providing inadequate turning space are common 

errors. A curve should have a minimum radius of 18 to 20 feet. Marking 

the proposed driveway with stakes and driving your car between them 

may save trouble later on. While a straight drive is shorter and cheaper 

to construct, well-placed shrubbery on a gentle curve may hide the in

terior of the garage from the street. No set rules can be made to cover 

all situations. 
Full advantage should be taken of any natural view available, such as 

hills in the distance, a pond, or even beautiful trees. These should be in

dicated on the plan. Objectionable features should be indicated also. It 

is well to keep in mind the points of the compass and the direction of 

prevailing winds. A screen of evergreens may be used to protect against 

winter cold. In another location, such a screen may cut off summer 

breezes and add to one's discomfort. 

Major Areas. The landscape plan must take into consideration at least 

three general uses of land. 

The public area is that which is viewed from the street or by one ap

proaching the front door. SiIl~e there is very little family use of such an 

area, the trend is toward keeping it small, uncluttered, and easy to main

tain. An expansion of unbroken lawn, trees to frame the house, and 

some shrubbery about the foundation is the usual pattern. A wall, fence, 

or hedge at the road may be added, depending on local practice and 

personal wishes. 
The utility, or service, area includes driveways, clothes yards, a place 

for garbage and rubbish containers, as well as the garage, and possibly II 

vegetable garden and tool shed. This area should be arranged for 

maximum convenience without sacrificing beauty and living space. Ade

quate storage space helps one to keep a neat yard. Delivery of fuel oil 

should not interfere with a garden party, and the view out of the pic

ture window should not include the trash burner. 

The living, or private, area is the third division and may be one or sev

eral, depending upon the size of the lot and the inclination of the 

owner. Some will have a simple lawn area with a few trees and shrubs, 

while others may add fruit and vegetable gardens. Increasingly, area .. 
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are being developed as outdoor living rooms and in such a position that 
they may be viewed from inside, during the winter, through a picture 
window. A well-designed private, or living, area may include sunny 
areas for spring and fall and a shady nook for the hottest days of sum
mer. 

LAWNS 

The lawn is the basic feature in a landscape and may provide more 
comfort and satisfaction than any other one item if well built and cared 
for. A good lawn should last indefinitely, and construction costs should 
be thought of as a long-time investment. Small savings in preparation 
may result in far greater costs over the years. Thus, doing the best possi
ble job at the beginning is recommended even if all areas cannot be de
veloped at once. 

Grass may be grown on almost any kind of soil if proper procedure is 
followed. With suffiCient fertilizer and water, grass will build organic 
matter into the soil and improve its fertility and water-holding capacity. 
Good drainage, depth of rooting, and good grass species are more im
pO! tant than a thin coating of the very best soil. 

Soil Preparation. Grading is the first step in preparing the lawn area 
and should start at the subsoil level unless at least a 6-inch layer of settled 
topsoil can be left on all areas. Too often, grading from the top results 
in a topsoil depth ranging from a few inches on high spots to a foot or 
more in low spots and the certainty of uneven stands of grass. The topsoil 
may be pushed to one side by a bulldozer and then spread evenly over 
the graded base. If there is a tight, impervious subsoil layer, drainage may 
be required for some sections. 

After rough grading, the soil should be plowed and harrowed to a con
siderable depth so that the topsoil and subsoil will grade into one another 
rather than exist as distinct layers. It is especially important that any 
soil compacted by trucks or bulldozers be loosened. Lime and fertilizer 
should be worked deeply into the soil in the amounts indicated by a soil 
test. The soil should be brought up to a pH of 6.0, and up to 25 pounds 
per 1,000 square feet of an 8-6-4 or equivalent fertilizer may be re
quired. If clover is desired in the lawn, a formulation with higher po
tassium may be used. Since the lawn will be in place for many years, 
this is the only effective wl:\y to get lime and phosphorus into the lower 
soil levels. 

A vailable organic matter should be worked into the top 6 to 8 inches 
rather than concentrated at the top or in a layer anywhere else. How
ever, as indicated above, except for the lightest of soils, the grass itself 
will soon pr<?vide considerable amounts through the continuing develop
ment and dying of roots. 
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All new lawns should be protected against the grubs of such insects 
as the Japanese, Asiatic, and June beetles. Various chemicals such as 
arsenate of lead, DDT, and chlordane have been used successfully 
against some or all of these pests. The most recent approved recom
mendation should be secured from the district Agricultural Extension 
Service. While not often serious to the health of lawns, ants and worms 
may either interfere with use or detract from appearance. Chemicals, 
such as chlordane, will discourage them. The effectiveness of chemicals 
over the years is not indefinite, and subsequent treatments may be neces
sary at about four- to five-year intervals. 

The lawn area should be rolled to settle the soil and show up any de
pressions. The surface should then be cultivated and smoothed with a 
rake. Sizable stones and roots should be removed, but a screened top
soil is neither necessary nor desirable for the ordinary lawn area. Areas to 
be used as putting greens or for other games will require special care
alternate cultivation, smoothing, and rolling until a firm, level seed
bed is produced. 

Seeding. Lawns may be seeded at any time of year when climatic con
ditions are favorable for growth. However, some seasons are more favor
able than others. Most grasses used in lawns do best under the cool, moist 
conditions more likely to occur in spring and fall. Since weeds are more 
likely to be a problem in the spring, fall seeding is to be preferred in most 

, __ 

Fie. 14-2. ESlwrillH'ntaI work has heen conducted on areas slIeh as this so that all 
Illay haH' I,,·tter lawns. (U HI "hoto. ) 
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areas. With proper subsequent care, very early spring seeding may be 
nearly as satisfactory. If delayed until hot weather, continued watering 
may be required. Fall seeding should come early enough to permit a good 
stand before cold weather: late August in Northern states and as much as 
two months later farther south. 

Good clean seed is very important. The type of grass grown will de
pend upon the area, both soil and climate being involved. In the North
east, a combination of g::asses has been found most satisfactory. For ex
ample, a mixture of chewings fescue, Kentucky bluegrass, and Astoria 
Bent, blend well and provide a tough turf of high quality throughout the 
season. The newer Merion bluegrass is frequently recommended in place 
of Kentucky bluegrass. The fescue provides the toughness for traffic areas 
and, in combination' with the bent, provides an attractive lawn. even 
during hot weather when the bluegrass does less well. A mixture also 
provides against complete loss in case of disease attacks, which are fre
quently specific. Not all grasses blend well, and proportion is impor
tant. Thus, for the Kingston mixture mentioned ahove, proportions hy 
weight of 50, 35, and 15 are recommellded. 

The amount of seed used per 1,000 square feet depends somewhat 
upon weight, of seed and its quality. Too many young grass plants may 
compete so seriously that none can develop a good root system. Of the 
mixture above, for example, 3 pounds per 1,000 s(luare feet has heen 
found sufficient. When it is realized that there are ahout 600,000 seeds of 
the fescue, 2,500,000 seeds of the hluegrass, and 7 to 8 million seeds of 
the hent in a pound of each, the adequacy of 3 pounds of the mixture is 
apparent. Under some conditions such !is a steep slope, it rapidly germi
nating grass may he included in the permanent grass mixture to serve as 
a nurse crop. Annual rye grass is sometimes used for this purpose, hut 
such a nurse crop is seldom necessary. 

Grass seed should he sown evenly" This may he accomplished hy 
hand, or hetter still, with a seeder, ideally when there is little wind to 
hlow the seed and possibly cause separation of the components of the 
mixture. Dividing the required amount of seed and sewing from two, or 
better, three directions is recommended. Prior to sowing, the surface may 
he loosened slightly. Seed may be covered hy light raking. or the rec
ommended subse(luent rolling may he sufficient. It is important that the 
soil surface be firmed to ensure moisture movement by capillarity. 

'Vatering the newly sown lawn is ideally done hy nature in the form 
of a steady but gentle rain. If rain does not come and artificial watering 
is practiced, a thorough but gentle soaking is recommended. Once the 
seedbed is moistened. it must be kept that way until the grass is well es
tablished. However, deep rooting should he encouraged rather than the 
shallow rooting which results if the surface is kept wetter than the soil 
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lower down. Mulching the surface may speed germination under un
usually hot and dry conditions, but is generally neither practical nor de
sirable. 

Mowing. The objective with lawn grasses is multiple branching to form 
a solid turf. This is important from the standpoint of appearance and 
wearability and as a means of keeping out competing weeds. Branching 
is favored by cutting off the growing point, as has been discussed earlier 
under pruning. Therefore the new grass should be cut just as soon as it 
is high enough to afford a "bite." A sharp mower should be used to avoid 
tearing the blade or uprooting the seedlings. Delaying initial mowing 
not only reduces the desirable low branching but also may result in so
called "scalding" of the exposed tender plant parts. 

Mowing established lawns should be frequent enough to permit cUp
pings to remain in place, adding a light mulch to the surface and 
eventually returning organic matter and nutrients to the soil. If, for 
some reason, mowing is delayed so that clippings are long and heavy 
enough to mat on the surface, they should be removed to prevent 
smothering small plants and to impI:ove appearance. Authorities are not 
in general agreement as to height at which grass should be cut. Obvi
ously, a fine bent turf should be cut closer than one of a mixture includ
ing the coarser fescues. Cutting at the %-inch level may be right for one; 
at 1 % to 2% inches for the other. Use is anotner consideration. The grass 
on a bowling green should be cut closer than is necessary or desirable on 
an area used less intensively. Close cutting in midsummer has the ad
vantage of reducing the transpiring surface but the disadvantage of in
creasing surface evaporation and permitting crusting or baking of the 
soil. Long grass in the fall favors the collecting of leaves and winter in
jury from smothering when the grass dies down. It may be that cutting 
at 1 to 11;2 inches in the spring and fall and 1 % to 2 inches in the sum
mer would be desirable. Whatever the practice, changes should not be 
made abruptly during critical periods and emphasis should be on a thick 
turf as the first de£ense against weeds. 

Renovation. A lawn in generally poor condition usually should be com
pletely rebuilt since the conditions which made it poor probably still 
exist and there may be no easy way to correct them. However, the first 
step should be an attempt to determine the cause for the poor lawn. If 
drainage is satisfactory and the top is uniformly deep, it is possible that 
fertilization, chemical treatment for weed control, and regular mowing 
will be sufficient to bring the turf back. 

Poor lawns may be due to many things. Examination should be made 
for grubs of Japanese, Asiatic, or June beetles. In some areas, chinch bugs 
may be responSible. Obviously, reseeding such a lawn without treatment 
to eradicate these pests WClllld be of no lasting value. Some lawns are 



384 Introductory Horticulture 

poor because of insufficient depth of soil on a sand or gravel base. This 
circumstance is often encounteIed in new real-estate developments. Only 
the addition of sufficient loam will provide a permanent correction. In a 
few cases, the difficulty may be an impervious layer of soil induced 
naturally centuries ago or recently by heavy motor traffic during con
struction. The cure is breaking this layer by plowing and harrowing 
so as to develop a deep soil of reasonably uniform texture. In rebuilding 
the lawn, the opportunity to incorporate lime and fertilizer in the soil 
should not be overlooked. 

Moss in the lawn is a common complaint and frequently taken as evi
dence of low pH and poor drainage. While an acid soil and/or poor 
drainage may be indicated, more often the difficulty is low fertility. It 
must be kept in mind that as tree roots are serious competitors for 
available nutrients, heavier fertilization may be necessary in some sec
tions of the lawn than in others. 

An occasional poor spot in a lawn may be renovated by spading 
deeply, fertilizing, and seeding. Sowing seed on the barely scratched 
surface seldom produces good results. When available, sod may be trans
planted to fill in bare spots rapidly. Sodding is also valuable on slopes 
and at the edge of paths or road ways. 

Lawn Maintenance. Good cultural practices are necessary in order to 
keep a lawn vigorous and healthy. Proper mowing and grubproofing have 
been mentioned already. In most areas lawns should be raked in early 
spring to remove stones and sticks prior to a light rolling to firm plants 
into the soil. A certain amount of heaving of grass plants occurs during 
the alternate freezing and thawing of winter, and better recovery and a 
smoother lawn will result from this rolling. A wooden rakE-' is preferred, 
and there appears to be no reason for raking hard enough to remove the 
"duff" of decaying organic matter on the surface of the soil and perhaps 
further loosen some of the grass plants. Moreover, heavy rolling to smooth 
an uneven lawn can only result in uneven compaction and, as a result, 
spotty grass growth. H.oIling should be avoided when the soil is so wet 
that physical structure will he altered adversely. 

Grass grows naturally in the spring whether fertilizer is' or is not ap
plied. A somewhat earlier and more even stand may result from early 
fertilizer applications, but earliness and frequency of mowing will be 
increased also. An application of 15 to 20 pounds per 1,000 square feet 

of a high nitrogen (at least one-half in an organic form) analysis 
fertilizer is recommended. Formulations such as 10-8-4, 8-6-4 and 8-6-2 
are commonly available. Even distribution is important, and spreading 
by mechanical means may be best. When this early-spring application is 
made, it should go on before active growth begins. 

An application of 10 pounds per 1,000 square feet in late June will 
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help to keep growth active throughout the summer. Some may omit the 
early application and depend upon this early-summer treatment. A fall 
application is generally recommended from late August to early No
vember, depending upon climate and growth. Fertilization at more fre
quent intervals may be desirable on especially important areas and 
where basic fertility is Iow. Liquid-fertilizer applications are sometimes 
practical. It is important that the actual amount of fertility involved be 
comparable to that applied by other means and that application be 
with sufficient water to avoid burning. Dry-fertilizer applications during 
the growing season should be made just prior to or during a heavy rain. 
If rain does not occur, watering may be necessary to avoid burning. 

Watering and Aeration. Deep-rooted plants will withstand drought 
better than those which are shallow-rooted. Since roots develop best in 
soil well supplied with moisture, provided nutrients and oxygen are 
available, the importance of deep penetration of water and air is obvi
ous. In an open soil, water will carry nutrients to all levels. In Chapter 
4, it was pointed out that surface applications of water bring the soil to 
field capacity progressively from · the top. In other words, a quarter-inch 
of water will result in field capacity for the top inch or so but cause no 
appreciable increase in water at the 6-inch level. Thus a light sprinkling 
each night may actually do the lawn more long-range damage than good. 
A weekly soaking will distribute water throughout the rooting zone and 
is preferable. 

When a soil becomes compacted by traffic as under a grass walk area, 
lack of oxygen may become limiting to grass growth. Naturally, this is less 
of a problem with sandy soils than with those containing considerable 
clay. Small holes punched in the soil with a spade or spikes will help im
prove aeration. Special equipment is available for doing the job on a 
commercial scale. Lime tends to improve soil structure. Although of 
questionable valuJ3 on most soils, chemical a~ditives may help on the 
heavier soils. When remaking a lawn, additio}1s of sand, cinders, and or
ganic matter may help to prevent poor aeration conditions from develop
ing. It may be that grass cannot be maintained under heavy traffic condi
tions on heavy soils, and steppingstones or other types of walks should 
be used. 

Weed Control. The use of selective herbicides such as 2,4-D and 
phenyl mercury has become quite common on lawn areas. Sufficient 
2,4-D to kill broadleaved plants such as dandelion and plantain does lit
tle, if any, damage to grass. However, clover in the lawn, not being a 
grass , may be killed. Fall application is usually best, but spring is nearly 
as satisfactory. Maintaining high soil fertility is important for two rea
sons. Vigorously growing grass is less susceptible to damage, thus per
mitli?g sufficient concentration to kill even the more stubborn weeds. 



386 Introductory Horticulture 

Actively growing grass rapidly fills in the areas left bare by the dying 
weeds and thus reduces the chance of weeds again becoming a prob
lem. Certain formulations of phenyl mercuries have been found valuable 
in conJolling annual crab grass, one of the most troublesome "weed" 
plants in many lawns. 

The amount of spray used varies with the formulation, and possibly new 
and better chemicals will be found. Labels on the products of reputable 
manufacturers give safe directions and may be followed. 

TREES 

Trees serve both to beautify the home grounds and influence the local 
climate. Earlier (Chapter 3), we discussed climate in the broader 
terms of section of the country, or at least considerable areas within a 

FIG. 14-3. A narrow central-leader type tree well adapted to use as a specimen tree 
or along a walk or drive. 
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section. It is possible to influence the climate of a very small area to a 
greater degree than is commonly realized, and trees can play a (:on
siderable role in accomplishing it . 

. Trees influence the beauty of home grounds in several ways. Tall tr'3eS, 
properly spaced, serve to frame the house. The selection of the typ€ of 
tree should take into account the type of house involved. A tall, narrow 
tree tends to emphasize vertical lines, whereas spreading trees h<llp 
create the opposite effect. To secure a similar effect a taller-growing tree 
will be required for a two-story house than is necessary for a ranch 
house. The ultimate size and shape of the tree should be considered. 
Shade trees should be selected for strength and tolerance to insects a:ad 
diseases. Broken limbs will not only mar the appearance of the tree but 
may lead to injury to the house itself during storms. Trees close to the 
house are difficult to spray for pest control without damage to paint ·:>r 
at least spotting the windows. 

The number of shade trees should be limited and properly orient(;d 
so that all parts of the house receive sunshine during some part of the 
day . Otherwise the home may be too dark and, at least in some climate>, 
dampness may become a problem. Trees should be far enough away 
fror,l the house to permit good root development in all directions. The 
pos~ibility of roots clogging drains should not be ignored. In placing trees, 
it is wise to consider the interest of your neighbor. Branches or roots 
which go over or onto his property may be removed by him, even 
though this weakens and disfigures your tree. A voiding these problems is 
usually better than trying to settle tQem. 

Trees may be used for screening purposes, both within the lot and at 
the boundaries (ideally by mutual consent of owners). Such trees may 
be planted closely so as to form a solid barrier, or farther apart to serve 
as posts, where the rest of the fence or screen is provided by shrubs. In 
planting trees as a screen, the ultimate height should be kept in mind. A 
desirable I5-foot barrier may soon become one 25 feet tall which ex
cludes sunlight and breezes and hides a desirable view . 

. Trees may be used as ornamental features, as, for example, a graceful 
weeping beech or a beautiful clump of white birches as a focal point in a 
garden. Trees such as flowering crabs, dogwoods,. magnolias, and many 
others may be used. It is sometimes possible to combine flowers and 
fruits with attractive foliage and form. Here, again, it is important to 
select with care to avoid crowding, clash of colors, and weaknesses as to 
structure or pest susceptibility. 

Trees for shade should be located with great care. As the sun moves, 
the shaded area changes from hour to hour, and one must decide when 
shade is most desired. Moreover, the time of year when .the area is to 
be used will influence the distance from the area that trees must be 
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planted. In spring and fall, the sun is relatively lower than in midsummer, 
and thus trees may cast shade at a greater distance and in a different 
place. Trees cast little shade close to the trunk except in midsummer 
when the sun is more nearly overhead. 

FIG. 14-4. The Colorado Blue spruce provides a/leasing accent point at the end of a garden, but requires space for perspective an proper development. The clipped shrubs are Japanese yew, an evergreen well suited to this use. 

Growth habit should be considered also. Elm and willow or beech 
should be carefully located. The American elm will eventually develop 
considerable bare trunk area which offers very little shade while a 
tree such as the willow, which maintains some low branches, no matter 
how old and tall the tree becomes, may be counted on to provide shade 
for the same area indefinitely. A tree such as the weeping beech would be 
a poor shade tree, since cutting off the pendant limbs would destroy the 
natural beauty. A dense tree, such as the sycamore maple, would tend 
to provide too much shade during the cooler part of the year, and ground 
beneath it would dry slowly after a shower. A less dense tree such 
as the Morraine locust would have the advantage of more rapid drying 
and less shade, but would not give as much protection and cooling effect 
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during midsummer. One type may be best for a given situation, but not 
for all. 

While considering tree type, the problems of leaves, roots, and obnox
ious fruits should be considered. Maple leaves tend to mat when wet and 
thus may kill out grass and other plants. Prompt and complete removal is 
necessary. Oak leaves are less likely to mat but must be removed 
eventually. Locust leaves may be fine enough to work down between the 
grass plants and, in any event, are not likely to smother plants quickly. 
Roots of maples are usually close to the surface and compete success
fully with grass for water and nutrients. Flower beds near them may be 
expected to do poorly. Oaks are usually deeper-rooted and less of a prob
lem. Elm and willow should be located with particular care since the 
roots tend to clog drains. The horse chestnut is often considered a pest 
tree because of the hard fruits and the temptations to small boys. The 
same may be said for some large-fruited ornamental crabs. The male 
ginkgo is preferred to the female because of an obnoxious odor from 
the fruits of the latter. The thorns of some locust species may be a serious 
hazard to children. 

The care of shade trees, including spraying, pruning, and fertilizing, is 
frequently neglected. This seems strange when one realizes the major 
part played by trees in landscape design and planting. The fact that 
trees are rather deep-rooted lind do well in spite of neglect is perhaps 
responsible. Good vigor increases resistance to some insects and diseases, 
and proper pruning may promote not only strength but greater safety as 
well. A more detailed discussion of pruning and fertilizing shade trees 
will be given in the next chapter. 

SHRUBS 

The right shrub for a given location may greatly increase satisfaction 
and reduce work. The shrubs best adapted to a special use in a given 
region will vary, but certain bases for selection can be listed. 

Evergreen shrubs have the advantage of year-round beauty, but many 
of those commonly available lack conspicuous flowers, grow slowly, or 
are too expensive. Hemlock, although a tree, makes an excellent back
ground hedge which stands pruning well, and thus may be restricted in 
growth. Arborvitae are available in many forms and are quite readily 
pruned and maintained. Chamaecyparis is frequently used as a founda
tion shrub, but does not respond well to heavy pruning and is therefore 
less satisfactory. None of these are attractive in flower. 

Broadleaved evergreens such as holly, rhododendron, and laurel are 
beautiful in fruit or flower, but their use may be limited because of cost 
and special soil or climatic considerations. Deciduous shrubs are fre-
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quently more rapid-growing, less expensive, and are available in a wide 
range of sizes, timing, and quality of bloom. A combination of evergreen 
and deciduous shrubs is often useful. Thus forsythia and hemlock make 
a very spectacular show in the spring, with masses of golden bloom 
against a feathery green background. Numerous other combinations are 
possible. 

One of the commonest mistakes in the use of shrubs is a failure to 
consider ultimate size. Thus tall-growing plants are grown under first
Hoor windows, and plants are set so close together that crowding results. 

FIG. 14-5. Well-selected plant materials add to the attractiveness of this University of 
Rhode Island fraternity house. Although plants are dwarf types, rrl"ning should be 
~ced regularly to prevent overgrowing and the obscuring 0 the architectural 

Crowding not only results in a solid barrier which may hide an attrac
tive house fa~de, but also results in the dying of inside branches and in
creased problems of pest control. The use of dwarf varieties of plants is 
one approach to the problem of too-tall growth; both top and root prun
ing is another. Inexpensive deciduous shrubs may be used temporarily 
between more desirable permanent shrubs while they are small. The 
common practice of almost completely hiding the foundations of a home 
with shrubbery leads to crowding and pruning problems. There seems to 
be little excuse for continuing it. 

The placing of shrubs will depend upon objective. Groups are usually 
used at the corners ,of the home or ,lot with taller plants to the rear and 
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smaller ones in front. Near the house, the possibility of damage from 

sliding snow should be kept in mind in Northern sections, and space 

should be allowed for air circulation about the foundation everywhere. 

The soil should be well prepared and fertilized before planting shrubs. 

Often old plaster and other construction debris are backfilled against the 

foundation of new homes, making the soil unsatisfactory for plant 

growth. Trouble may result especially when plants such as rhododen

drons, requiring an acid reaction (low pH), are planted in such loca

tions. Organic matter to improve the water-holding capacity of the soil 

may be especially important since shrubbery about the home frequently 

suffers for lack of moisture. The house, and especially overhanging eaves, 

may prevent rain water from reaching plants close to the foundation. 

Proper pruning of shrubbery is necessary if the ideal shape and flower

ing are to be secured. There are two general systems of training fol

lowed, formal and informal. In the first, shrubs are held to a prede

termined shape by frequent cutting. Hedges are cut back frequently to 

induce side branching and dense foliage. In selecting plants, it is im

portant to know if the plant will withstand such heavy clipping and that, 

in most cases, the chance of bloom and fruit is forfeited, since these are 

seldom borne on the types of wood left. Trimming so that the top is nar

rower than the base will help to keep growth active at the lower levels. 

The informal treatment permits the shrub to develop naturally. Pruning 

is done to maintain size and a renewal of younger wood. Shrub-pruning 

details are given in the next chapter. 

GROUND COVERS AND VINES 

Ground covers are plants such as myrtle, pachysandra, and ivy, which 

grow rather evenly over the soil to a height of 4 to 8 inches. Such plants 

generally do well in the shade and, once established, require little atten

tion. They may be used at the base of a tree where shade and com

petition are too much for grass, on a slope, or in an area where low 

maintenance costs are important. The above and many others are ever

green and therefore attractive year round. Others such as violet or lily of 

the valley are not evergreens but may be desirable as ground covers be

cause of their attractive flowers. 

Vines play an important part in some landscape designs. A quick

growing vine such as Dutchman's Pipe will provide summer shade to 

an exposed porch. Ivy growing on walls or about posts break harsh lines. 

Grapes or wisteria may be used to cover a bare wall or an arbor de

signed for shade, or simply on a fence or trellis to separate one sec

tion of the yard from another. 
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FIG. l~. Wisteria almost completely covers the Betsy Williams House in Roger Williams Park, Providence, Rhode Island. While such a treatment would seldom be recommended for a home, the possibility of using vine covers is demonstrated. 

CLIMATE CONTROL 

The influence of trees on temperature through shade has been men
tioned above. Not only are heat rays intercepted, but b:v evaporation of 
water-the process of transpiration discussed in Chapter 2--actual cool
ing takes place. A fountain in a pool may evaporate enough water to . 
lower the temperature by several degrees. . 

The color of a surface influences heat absorption also. Thus a dark
surfaced terrace will absorb more heat and, by radiating some of that 
heat, increase the temperature. In spring and fall this may be desirable, 
while in midsummer it may make the area intelerably hot. A white sur
face reflects heat, and thus less heat is stored: Color has a psychological 
influence, also. To most people, green is a cool color and red a warm 
one. The effects of color may be achieved in summer by foliage or 
flowers and in winter by stems of deciJuous plants or the foliage of some 
broad leaved evergreens which turn brorize in the winter. 

A solid fence gives great privacy but also eliminates free-air movement. 
Fences of various types have been constructed to permit the one, without 
too seriously limiting the other. Elevation is also very important, since 
cool air tends to settle. Thus a sunken garden may be extremely warm 
during the day when the sun's rays are trapped. However, after sunset, 
cool air from other areas drains into such a spot, and it may be the 
GooIest place in the yard. If the ground slopes sufficiently, shrubbery may . . . . 
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be used to direct the How of cool air to a desired area, much as a 
stream of water might be controlled. Air and water move in a similar 
way. 

The heat absorbed by and reHected from a thick stone wall has been 
used for centuries to secure early crops and permit the growing of plants 
not generally winter-hardy in the area. These enclosed gardens had quite 
a different climate. European-type grapes which require extra heat may 
b-e grown on the south face of a wall farther north than would com
monly be possible. If, however, the extra heat is not desired, a screen of 
vines or espaliered trees may be used to reHect heat and keep a building 
much cooler in summer, without interfering with the desired heat absorp
tion in winter. 

A careful study of prevailing winds and existing natural barriers should 
be made. Often, .TIoving a window or porch a few feet one way or the 
other or providing or eliminating a tree or shrub barrier will make a 
great difference in comfort. A windbreak which reduces the velocity of 
winter winds striking a home may save many times its cost in reduced 
fuel costs. 

SPECIAL GARDENS 

Thus far, we have discussed matters of concern in nearly every land
scape plan. The development of gardens, while not necessary, offers 
almost unlimited possibilities for diversification and individuality. These 
gardens may add to the general effect of one of the major areas or be 
separate plots within the private area. A few bulbs in spring and a 
splash of color from red salvia among the foundation evergreens require 
very little extra time or expense, while a formal rose garden may take a 
great deal of both. Some gardeners restrict themselves to flowers, while 
others find pleasure in producing some o,f the fruits and vegetables they 
consume. 

Flower Gardens. Flower gardl'IlS are of two general types, those which 
are to be enjoyed in place and those which serve as a source of blooms 
for use elsewhere. In the first instance: design is important, while in the 
other, maximum production with minimum labor is more important. A 
gener;ll-purpose garden is possible but usually less efficient for both pur· 
poses. 'Vhile some of the information provided below duplicates cultural 
practices given for specific flowers earlier, some repetition in this special 
context seems desirable. 

Annual flowers are available in many sizes and colors. They are usually 
easy to grow and relatively inexpensive. In Southern sections and for 
late-season flowering farther north, outdoor seeding is practical. In the 
extreme North and for early bloom, plants are started in the greenhouse 
or (.'old frame, Such old standards as petunia, zinnia, marigold, and aster 



394 I ntrnductory Horticulture 

can give color from early summer to frost. Chrysanthemum, normally 
propagated by cuttings rather than from seed, will provide flowers in the 
fall even after light frosts. 

Some plants grown as annuals, including geraniums, pansies, and some 
begonias, and such foliage plants as coleus add to the list. Tulips, nar
cissuses, and other bulbs, tuberous begonias, and gladioli are valuable at 
certain times and in certain locations. The tulips and narcissuses come 
early and do well on stored food, the tuberous begonias do well in the 
shade, and the gladioli may be grown in beds with other flowers or sepa
rate for cutting. By timing the planting of the gladiolus corms, a succes
sion of blooms is pOSSible. 

Annual gardens are prepared each year, and thus additions of fertilizer 
and other means of soil improvement are readily possible. Also, the type 
of garden in a particular area may be altered from year to year, either 
for variety or to secure a better combination of plants. The spring bulb 
garden may be planted to other plants for summer and fall display. 

Perennial flower gardens have the advantage of continuing for several 
years without replanting. Bulbs such as narcissus and lily, rhizomes such 
as the iris, hardy chrysanthemum and other standards such as peony, 
delphinium, phlox, day lily, and, of course, the rose make possible bloom 
throughout the season. While they may be planted in separate beds, 
with the exception of roses, this is not the most common procedure. A 
border usually contains clumps or groups of the several species so ar
ranged that something is in bloom at most times throughout the season. 
Regular spacing in rows is more common with annuals. 

Perennials usually take two or more years to reach maximum develop
ment and finally crowd to the extent that replanting becomes necessary. 
To prevent overcrowding too soon, wide spacing is recommended, and 
this results in the appearance of sparse flowering the first year. Annuals 
may be used to fill in between the perennials until they are well estah
lished. The fact that the soil will be used for several years makes very 
thorough preparation especially important. Lime and complete fertilizer 
should be dug into the soil deeply. 

Some advocate so-called double digging of perennial beds, especially 
for roses. The topsoil is removed to spade depth a foot wide across the 
bed. The subsoil is then loosened and enriched with fertilizer, compost; 
and/or manure. The next adjacent foot-wide strip of topsoil is then put 
on top, and the exposed subsoil enriched as before. This is repeated until 
all subsoil has been enriched, and the first topsoil removed is used to 
cover the last exposed subsoil. Regular spading is used to incorporate 
fertilizer and compost and enrich the topsoil. Obviously, this system re
quires considerable labor, but where perennials are to he in for many 
years, the better growth secured may more than compensate. 
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The rose garden is more commonly a solid planting of roses alone and 
follows a definite pattern. Whole beds of one variety are sometimes grown 
in the larger gardens. It is important to consider size of plant, as with 
other perennials, so that smaller plants are not hidden by taller ones. The 
rose garden maybe expected to last for many years, and plants do not 
crowd as with many other perennials such as lily, phlox, and iris because 
new plants are not formed. Peony is similar to the rose in this respect. 
All the examples mentioned, except the rose, are· so-called herbaceous 
perennials and normally die back to the ground each year. With roses 
grown in the North, there is some danger of winter injury to the above
ground parts. Protection by mounding soil about the base is often recom-
mended. . 

Rock Gardens and Other Specialties. Rock garc,lens are common in 
some areas. They fit into a situation where a considerable' slope occurs 
and where ledge, etc., is normally present. Good design requires that the 
rock garden appear to belong in the area and not as an imported heap of 
rock. Plants for such gardens are ordinarily dwarf and sun- or shade
tolerant, depending upon location. ConstructiQn of rock gardens requires 
that stones be so placed that water naturally runs back into the soil rather 
than off the front. If stone natural to the area can be secured, preferably 
covered with moss or lichens, a more pleasing effect will result. 

Pools with water lilies may be an attractive addition provided there is 
a natural spot for one or that plantings can be made to create that ef
fect. A pool should have several depths, which may be achieved with 
side pockets to accommodate different types of plants. A method of 
draining the pool is desirable to permit cleaning. In the North where 
freezing can be expected, excellent drainage below the pool is necessary 
to prevent heaving and cracking of the concrete. A deep pool filled with 
water may give some protection against cracking provided logs are 
placed in the water during winter to take up some of the pressure from 
expanding ice. . 

In our discussion so far, we have assumed the informal approach to 
gardening. The formal garden, including closely clipped edgings of box 
and geometric arrangement of both flowering and foliage plants or 
herbs, requires special planning. Normally, considerably more effort is 
required to establish and maintain such gardens, although this need not 
be so. Some may prefer the sense of orderliness which goes with such a 
layout. Older gardens of this type included espalier fruit trees and 
topiary-plants .trained to special shapes, including geometric and animal 

·-forms. ' .. 
Fruit arid Vegetable Gardens. Fruit and vegetable gardens are usually 

developed s.eparate from the general Living arE~a but must be a part of the 
original design. NormaUy, these gardens are· grown for utility rather than 
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beauty, although some combinations are possible. Sunlight and freedom 
from serious competition from tree roots are necessary. The details of 
growing the several fruits and vegetables are discussed briefly in other 
chapters. In considering tree fruits, the problem of pest control should 
no!: be minimized. Ordinarily, dwarf trees should be grown. Small fruits 
and vegetables are usually easier to handle. A comqlon error with the 

. home garden is too-great size. A small area well tended, using both inter
cropping and succession cropping, is much to be preferred to the large 
area which cannot be cared for. . 

FIG. 14-7. Flowering crab trees lining the drive present a beautiful sight in the 
spring. A vegetable garden is located behind picket fenee which is covered with 
climbing roses. 

Importance of Labor Saving. Reference has been made repeatedly to 
maintenance. New home owners are frequently overambitious and find 
themselves saddled with too much upkeep as they become busier and 
less active. While power equipment offers considerable help, laborsaving 
schemes should not be ignored. Cluttering the lawn area with trees and 
shrubs is not only aesthetically undesirable, but it increases labor. Edg
ings aroulld bcds and trees will reduce the need for hand clipping. 
Lattices hinged at the bottom to allow one to lower a vine for easier 
pruning and painting of the building will help. Ground covers, as noted 
above, will reduce mowing in some areas. Equipment for pulverizing 
leaves may save hand raking. A coveniently located tool house may 
save many steps. Some easy-chair brain work may save many a backache 
and is recommended. 
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QUESTIONS 

1. What are the objectives of landscape design? 
2. Why should a plan be made on paper before locating a home? What in

formation concerning the terrain is desirable? 
3. What are the three major land-use areas in home landscaping? What fea-

tures may be in each? 
4. How should a new area be prepared for a long-lasting lawn? 
5. Why may a combination of grass species be better than one alone? 
6. How would you proceed to renovate a poor lawn? 
7. What chemicals (other than fertilizers) are frequently applied to a lawn? 

Why? 
8. What factors should be taken into account when selecting a shade tree? 

How would pruning practices differ? 
9. What are the requirements of a good hedge shrub? What advantages do 

most deciduous shrubs have over evergreens? 
10. Diagram proper pruning of shrubs for both hedge and specimen use. 
11. What are ground covers? Advantages? 
12. What is meant by climate control? Give examples. 
13. What is meant by double-digging of perennial beds? Why is it practiced? 
14. What are some of the important considerations in locating and constructing 

a rock garden? 
15. Suggest severallaborsaving ideas of value to the home owner. 
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CHAPTER 15 

Nurseries and Arboriculture 

The propagation and early cultivation of trees, shrubs, and other peren
nials are performed by a group of horticulturists known as nurserymen. 
Those who care for trees and shrubs are known as arborists, and their 
science as arboriculture. At what stage the pruning, fertilizing, and 
transplanting of these plants cease to be the function of the nurseryman 
and become that of the arborist is somewhat obscure. Some nursery
men concentrate on propagation alone, others on growing rooted cuttings 
or seedlings for a few to several years for a wholesale outlet, while still 
others include retail sale and the service of planting and subsequent care 
in the permanent location. Many arborists limit themselves to the care of 
trees and shrubs already in place, whether on the highways, in parks, or 
on private grounds, while others carry on a small nursery and landscape 
business too. The general characteristics and some of the special prob
lems of the nurseryman will be discussed first. 

THE NURSERY INDUSTRY 

The nursery business is a rapidly expanding one. In early days, the 
emphasis was upon the production of fruit trees. As the country de
veloped, shl/-de trees and, later, a wide variety of ornamental trees and 
shrubs were more extensively grown. The bulk of the business today is 
with ornamentals, and to a considerable extent, the nurseryman who 
grows a little of everything has given way to the specialist. Fruit trees 
are propagated and grown by only a limited number of nurserymen, and 
there are large-scale producers of azalea, rose, taxus, holly, and magnolia 
also. Many of the large nurserymen sell almost exclusively to other nurs
erymen, rather than to the ultimate consumer. The production of small 
plants in great volume is economically practical at some distance from 
the point of consumption, while the growing on to larger sizes is usually 
performed close to the pOint of ultimate sale. 

Especially favorable soil and climatic conditions should be sought for 
398 
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wholesale production, although it must be recognized that pest-control 
problems or transportation costs may make some otherwise satisfactory 
sites undesirable. Deep, fertile, stone-free soil makes for rapid growth 
and ease of cultivation and harvest. A mild climate will reduce loss from 
winter injury. Thus many roses are grown in Texas and southern Cali
fornia and shipped to the East Coast for sale by local nurserymen. The 
longer growing season in Maryland results in larger apple"trees than can 
be grown in one year under the best cultural practices in northern New 
York. Maples for shade trees in New England towns are largely started 
in the Pacific Northwest and shipped east where they may be heeled in 
or grown for a year or two more in local nurseries. The moderation of 
climate by the waters of Narragansett Bay (Rhode Island) permits the 
successful growing of a large volume of taxus, which is then shipped to 
the cooler, drier sections of the Middle West. 

Large nurseries near consuming centers may propagate the plants 
which do especially well under local conditions and purchase and import 
others from specialists as "liners" 1 to be grown on until of salable size. 
Thus they may serve both as original producers and jobbers for others. 
Sale may be wholesale to smaller nurseries and to store outlets or, in 
part, retail. The closer one comes to the consumer, the less limiting fa
vorable climate and soil and economy of production become. Considera
tions of marketing are more important. Large-scale nursery operation 
requires considerable capital for land, propagation houses, storage, equip
ment, and the large inventory of stock. The small nurseryman who com
bines growing and services requires relatively less capital to get 
started. A young man with ambition and a little capital can start with a 
small greenhouse, a few cold frames, and a display garden at the house. 
Land may be rented for the growing on of stock, which can be started 
in large number as cuttings. 

The nursery and landscape businesses have been damaged in the pub
lic mind by sales agents who have sold poor-quality stock and service to 
uninitiated home owners. Some states have required licensing in an at
tempt to improve the situation, and grower organizations such as the 
American Association of Nurserymep have taken strong steps to police 
their own industry. Membership in such grower groups can be strongly 
recommended. 

Site and Soil. As indicated above, the location of a small retail nursery 
may be largely governed by available land along a well-traveled high
way, without much regard for soil or climate. The wholesale production 
of nursery stock is highly competitive, pricewise, and both good climate 
and soil are very important in determining operating costs. Elevation is 

1 A liner is defined as a small well-rooted plant suitable for transplanting to rows 
in the field. 
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desirable to reduce winter injury of tf!nder stock. However, the impor
tance of winter injury varies greatly with both the stock being grown 
and section of the country. At the northernmost limits for a species, one 
must be very careful. However, hemlock which will withstand the wintry 
blasts of the far North is not likely to suffer from cold alone in any loca
tion in the mid-Atlantic states. Azalea grown in southern New England 
is frequently damaged by an early-fall cold snap, especially in low spots 
where the temperature may be several degrees lower than the average. 
Air drainage to reduce loss from disease may be a real advantage with 
some plants even if cold is not a problem. 

Wind can be very important. Strong winds increase transpiration, 
which may slow up growth in the summer and increase winter injury to 
both evergreen and deciduous stock. Since plants are being grown 
rapidly for maximum size, hardening of tip growth in the fall is some
what delayed and excessive drying out when the soil is frozen brings 
about death from desiccation. With evergreens, a "burning" of the 
foliage by winter Winds, while not seriously damaging the plant as a 
whole, may almost completely prevent sales because of resultant poor ap
pearance. Continual strong winds cause seedlings to bend and trees and 
shrubs to develop unevenly. Exposed locations should be avoided where 
possible, and windbreaks may be necessary in large fields to protect 
smaIler plants. 

Growing a salable plant in as short a time as possible is important to 
economic success. Fertile soil will help. The presence of sizable stones 
in the soil greatly increases cost of operation. The soil must be worked 
deeply, and power equipment is widely used for root pruning and dig-

A B c 
FIG. 15-1. Root pruning is a necessary nursery operation. It may be done with 
vertical cuts using spade, plow, or special knife blades (A) or with the U-shaped 
digging device (B). U npruned plant (C) will not move well. 
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ging as well as for cultivation. Deep friable topsoil is especially desirable. 

By permitting deeper rooting, more plants may be grown per acre and 

the need for irrigation is likely to be less. A deep soil permits longer use 

of an area for growing nursery stock even when some soil is sold abo'ut 

the roots of the plants. The soil type usually preferred is found on level 

plain areas·rather than hillsides. When sloping land is used, planting ('n 

the contour is strongly recommended since the land is worked fre

quently and is therefore especially subject to erosion. 

The soil for a nursery should be plowed very deeply and supplied 

with the necessary lime and fertilizer, as indicated by soil tests. Rhodo

dendron, laurel, and blueberry do best on a very acid soil ( about 

pH 4.5). Maple, holly, and magnolia may require a little lime if the soil is 

extremely acid; a range of pH 4.5 to 6.0 is satisfactory. Dogwood, oak, 

and rose do well on a slightly acid soil (pH 6.0 to 6.5), while neutral 

soil is best for a wide variety of plants, including barberry, box, cotone

aster, qUince, euonymus, forsythia, privet, apple, spirea, lilac, and the 

viburnums. With some, the range is quite exact, as with azalea (acid) 

and lilac (neutral). Many plants, however, are quite tolerant of soil 

reaction and will do fairly well over a wide range, as, for example, ap

ple,. barberry, and spirea. 

Soil preparation prior to planting should ordinarily include the plowing 

down of several cover crops to build up the organic-matter content of the 

soiL The organic matter improves phYSical structure and reduces soil 

erosion as well as adding to fertility. Where possible, cover crops should 

be grown between rows of nursery stock during late summer in order to 

slow up vegetative growth and induce winter hardiness of the tops as well 

as to provide some protection from deep freezing of the soil and possible 

root injury. Nursery blocks should ordinarily be rotated, using nothing 

but soil-building crops every few years. Nursery stock has a very ex

hausting effect upon soiL 

Nursery Organization. The layout of the nursery is important. The 

propagation frames should be placed close to the home, since frequent 

attention is necessary to regulate temperature and humidity. For similar 

reasons, the youngest and tenderest lining-out stock should be close 

enough to ensure frequent observation and make spraying and watering 

easy. 
Plants are set out in blocks to permit easier handling. What land use 

is lost to extra roadways and turning space for cultivation is more than 

compensated for in ease of spraying and harvest. Of course, the size of 

block which is economical to handle will vary with the size of the plants 

at time of sale and the over-all size of business. Keeping all land oc

cupied growing either salable crops or a cover crop for soil improvement 

is desirable. Therefore a planting which may be sold at one time is more 
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economical to handle than a larger one which will be sold during two or 
more seasons. Fields should be laid out to allow for cultivation as near 
as possible on the contour. The distance between rows will vary with 
type of plant, and the length of time it is to be in place. Occasionally, 
a block can be laid out in such a way that every other row can be har
vested at one age and the rest of the plants allowed to attain greater 
size in place. The spacing distances will also vary with the type of 
equipment used for cultivation. Thus some land may be "wasted" with 
small plants in order to save on labor costs. 

Culture. Clean cultivation starting in early spring is the usual practice. 
Since wide extension of roots is not desired, deep soil penetration in the 
middle between the rows is permissible. The development of roots close 
to the surface near the stem is important, and cultivation should be shal
low there. Cultivation in early spring may hasten root development by 
increasing water drainage and evaporation, thus permitting the soil to 
warm up more rapidly. However, the principal fu~ction of cultivation is 
weed control. Working fertilizer into the soil is a third function. Chemical 
weed control is used to a limited extent. Some very promising results in 
weed control and moisture retention have been reported from the use of 
mulches, including sawdust, straw, peat, buckwheat hulls, sugar cane, 
and wood chips. They are especially valuable on beds of young stock. 

Fertilizer recommendations based upon extensive research are not 
available. A fertilizer analysis high in nitrogen, such as an 8-6-4, is fre
quently used. As with lawn fertilizers, at least 50 per cent of the nitro
gen in natural organic form is desirable. When available, barnyard ma
nure is widely used. The fertility level must be regulated to secure the 
best possible growth. Stocky, well-branched plants are in greatest de
mand, and too-heavy fertilization may force the development of long 
unbranched shoots. Limiting growth at the end of the season so as to 
avoid winter injury is also an important consideration. 

Many growers put the emphasis on building up the soil fertility with 
manure and cover crops ahead of planting and so apply relatively little 
fertilizer during the years the crop is growing. Research in this field is 
greatly needed. One thousand pounds per acre uf an 8-6-4 may be a safe 
amount to consider for general use. This amount may be divided into 
two parts, and two-thirds applied in early spring alid the remainder 
about six weeks later. This practice should keep top growth active until 
time for planting the cover crop and "hardening off" the new growth. In 
New England, the cover crop may be planted in late August and should 
be one which is easily controlled the next season. 

Root pruning to keep the feeding roots close to the crown is regularly 
practiced in the nursery. The cutting of roots also favors branching and 
the development of a "ball" which holds together well during trans-
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planting. Special knives on plows or cultivators may be used for large 
operations. A sharp spade does a good job when small numbers are in
volved. Root pruning between the rows is especially important since 
competition from adjoining plants within the row tends to restrict root 
growth in that direction. However, plants which remain in the nursery for 
several years and, because of larger size, are more difficult to move should 
be root-pruned in the rows as well. This frequently requires handwork. 

FIG. 15-2. Large trees should be root-pruned at least a year before moving. It is 
frequently desirable to divide the root area into four to six segments and to alt3rnate 
sections in each of two seasons. (From E. P. Christopher, "The Pruning Manual," 
The Macmillan Company, 1954. Used with pennission of The Macmillan Company.) 

Top pruning is an important nursery operation. With deciduous 
plants, long stems may be cut back to induce side branching and a 
thickening of the plant. With evergreens, shaping the plant is especially 
important. As indicated in earlier chapters, pruning has a dwarfing ef
fect more or less in proportion to its severity: Therefore cuts to induce 
side branching and to shape the plant should be made as soon as possi
ble after a shoot has reached sufficient length. Some nurserymen go over 
their blocks several times a season to secure proper shape with a mini
mum of dwarfing. Large-sized butcher knives, razor-sharp, may be used 
by an experienced operator to cut the still-succulent shoots of evergreens 
such as Japanese yew and American arborvitae. If the job is delayed, not 
only is the resulting plant smaller, but working with pruning shears be
comes necessary and slows up the job. Some suggestions on pruning tech
niques for shrubs will be presented later in this chapter. 
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FIG. 15-3. Hemlock and other shrubs may be cut back without presenting a formal 
shorn appearance. More time is required, but the results may well justify it. (From 
E. P. Chrntopher, "The Pruning Manual," The Macmillan Company, 1954. Used 
with permission of The Macmillan Company.) 

Canning. Growing nursery stock in containers, usually metal cans of 
1- to 5-gallon capacity, is extensive, especially in the West. Plants may 
be started as rooted cuttings or after a year or more in the nursery. Ad
vantages are claimed from the standpoints of both production and sales. 
Soil texture, fertility, and water supply are more exactly controlled than 
is possible in the field. By treating the soil, certain pest and weed prob
lems may be eliminated. Root pruning ceases to be necessary. Less space 
per 1,000 plants is required, and the problem of digging for sale during 
inclement weather is eliminated. Plants may be sold at any time of the 
year since there is no problem of shock such as may be experienced when 
large numbers of roots are cut during digging. 

There are disadvantages associated with the use of cans which may 
prevent universal use. The cost of cans and the special treatment and 
handling of soil must be considered. Winter injury to the root system may 
occur in Northern areas unless special protection is given. While small 
canned shrubs and trees may continue growth without interruption after 
transplanting, those grown in pots too long may develop roots which 
circle just inside the wall of the can. Such plants may fail to grow 
on as well after transplanting as do newly dug plants. Since the soil 
volume is limited, any failure to fertilize or water will result in injury 
to the plant more rapidly than would occur in the field. The shipping cost 
for plants in cans would be considerably higher than for bare-rooted 
plants. 
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In spite of the problems mentioned above, the great advantage of bet
ter merchandising seems likely to lead to an increase in the use of cans, 
at least for the more valuable plants. 

BAND B CANNED 

FIG. 15-4. Diagram of balled-and-burlapped and canned shrub ready for sale. None 
of the root system is lost with cans, but the dangers of pot-bound stock should be 
recognized. 

Harvest. Digging nursery stock for sale is a major operation. Plant~ may 
be removed with or without soil about the roots. Most deciduous plants 
are hl:ndled "bare-root," and evergreens with a ball of earth which is then 
enclosed in burlap. Such plants are referred to as being "balled and bur
lapped," or just B-and-B. 

A U-shaped blade drawn by a tractor is generally used to cut the roots 
below and beside stock to be handled bare-root. To accommodate trees, 
special self-powered diggers which straddle one or two rows may be 
constructed. In small nurseries, the stock may be loosened by plowing 
alongSide the rows, and the plants further loosened by hand. Bare-rooted 
stock should be handled rapidly and given protection to prevent the 
roots from drying out. 

For B-and-B stock, a spade is used to cut out a ball of earth, which is 
then placed on a square of burlap. The corners are pulled about the 
stem and tied or pinned tightly. B-and-B plants should be handled care-
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fully by the ball of earth rather than the stem so as to avoid all possible 
damage to the remaining roots. B-and-B stock may be held in protected 
frames or yards for a period prior to sale. The soil must be watered 
enough to prevent drying out of the roots and collapse of the ball. 

Bare-rooted deciduous shrubs and trees may be harvested in the fall 
and kept in cold storage over winter. All absorbing roots die, but pro
vided the humidity is high enough to prevent excessive drying out of 
the main roots and the temperature low enough to prevent buds start
ing growth, plants will keep in good condition. While relatively high 
humidity is desirable, free water on the roots will lead to serious disease 
problems. Ethylene gas from decaying leaves or fruits in the same storage 
has also caused damage to stored nursery stock. 

ARBORICULTURE 

The activities of the arborist normally include pruning, bracing, feed
ing, spraying, treating cavities, and transplanting shrubs and trees. Each 
job requires expert knowledge, and in some states the public is provided 
some assurance of competence by the licensing of those doing such work 
commercially. Some of the principles underlying the various operations 
will be discussed briefly. 

FIG. 15-5. The natural beauty of a shrub may be retained by thinning out (left) 
rather than heading back (right). (From E. P. Christopher, "The Pruning Manual," 
The Macmillan Compariy, 19f$4. Used with pennission of The Macmillan Company.) 

Pnming. As noted earlier in the discussion of tree fruits (Chapters 11 
and 12), pJUl1ing' may be· divided into two general classifications '9ased 
upon the· primary objective. Cuts made to s.ecure the desired form are 
designated ,\S "training," and those made for general maintenance there
after, "pruning." 
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The purpose for which a tree or shrub is being grown should be 

clearly in mind before training starts, since the location of the principal 

brauches is determined during the first few years. Shade trees close to a 

walk, drive, or highway should be headed (location of lowest limbs) 

higher than one.so located that low limbs will not interfere with traffic. 

A tree close to a building may be trained to allow a view beneath or 

through lower brancttes, or so as to form a screen. 

The natural growing habit of the plant should be known and con

sidered. Branc~es may originate quite close to the ground on trees or 

shrubs with an upright growth habit such as the elm, walnut, and moun

tain ash. Permanent branches on the horizontal branching sour gum or 

pendant ones such as the weeping beech or willow should be at a · con

siderable height. 
The desirability of spacing limbs at intervals up and down the trunk, 

limiting their number, and avoiding weak crotches is just as important 

with shade trees as with the fruit trees discussed earlier. However, the 

necessity for high heading of permanent limbs requires special treatment 

of the other branches. If all side branches are removed below a per

manent first branch at 5 feet, early growth of the tree would be greatly 

retarded. Similarly, while a spacing of permanent branches on an oak 

might be at intervals of 3 or more feet, early removal of all growth be

tween such branches would slow up total growth. Additional branches 

may be allowed to develop for a few years to carry leaves which will 

manufacture food for use in trunk growth. It is only necessary that these 

branches be headed back to keep them subordinate and that they be 

removed completely before heartwood develops. If removed while all 

the tissue is active, there is little likelihood that disease will become es

tablished before complete healing takes place. It is difficult to prevent 

invasion of disease organisHls through the dead heartwood. 

Shrubs may be developed as small trees with well-spaced' lirnbs about 

a central trunk or allowed to produce a number of branches originating 

close to the ground. If care . is not exercised, branches will be too nu

merous and close together. The growth response to expect from thinning 

and heading back of shoots has been discussed earlier. This knowledge 

should be utilized in the training of shrubs ' to secure the desired fono. 

Some shrubs are used for hedges, and a compact growth is deSired. 

Heading back shoots at frequent intervals will give ,the desired dense 

growth. Thinning out branches will normally produce more graceful 

plants and, better flower production. 

Training is also involved when trees, shrubs, or vines are grown on a 

trellis, over an arbor, or on a wall or building. A limited number of 

shoots are allowed to develop, The fact that top growth is most active 

when pointed straight up and least vigorous when trained downward is 
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utilized to speed up or retard growth, as necessary, in securing the de
sired form. While some training cuts may be necessary throughout the 
life of the plant, the major activity in this direction occurs during the first 
few years. 

INFORMAL 

FIG. l~. Infonnal treatment of hedge is shown at left and ,;enerally favors flower
ing. Formal treatment is shown at right. Note that base is wider than the top to 
permit better light distribution. (From E. P. Christopher, "The Pruning Manual," 
The Macmillan Company, 1954. Used with permission of The Macmillan Company. ) 

Maintenance pruning is of major interest after the plant is well es
tablished. A certain priority in branch removal should be considered. 
First of all, dead, diseased, or broken branches should be removed. Sec
ond, water sprouts and suckers should be removed unless needed for 
rebuilding in some way. (When a large limb is lost during a storm, a 
water sprout may be selected to develop a replacement. If bark injury to 
the trunk occurs, a sucker may be inarched to bridge the injury. ) Third, 
necessary cuts should be made to maiiltain a desired form and to prevent 
future structural weakness. The elimination of an incipient Y crotch and 
one of two branches which might cross and rub would be included in·this 
category. All these cuts should be made firSt, since, upon their comple
tion, it may be that sufficient thinning out has already been done. 

Pruning of trees and shrubs will vary with the growth habit as to tim'e, 
kind, and amount. Thus trees such as dogwood and flowering crab, 
grown primarily for heavy spring bloom, should be pruned to develop the 
short terminals (dogwood) or spurs (crab) on which the flowering 
buds fonn. As with early-flowering shrubs such as forsythia, lilac, and 
many of the spireas, most pruning of these flowering trees should be de
layed until after bloom. 

WISteria generally blooms best if pruned back quite severely to 2- to 
3-inch stubs. Flowering almond develops long branches of bloom, and -a 
similar hard pruning would result in a much poorer display. Hybrid tea 
roses should be pruned back rather severely in early spring and will 
flower on .shoots grown the current season. Heavy heading back of most 
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climbing roses will result in little bloom, since the flowering shoots are 
produced on canes which developed the previous season. 

Pruning usually includes some thinning out of closely spaced branches 
and the shortening of those which tend to become too long and leggy. 
Thinning out, by allowing light to reach inner portions of the plant, may 
keep some of the leaves alive near the main axis. Cutting terminals back 
to side branches is the best way to keep deciduous plants within bounds 
-neither too high nor too wide. It is also possible to maintain the size of 
evergreens without destroying their natural shape. Shoots should be cut 
back to side branches rather than sheared along a definite plane. Ordi
narily, this pruning should take place just before growth starts in the 
spring :;0 that new growth will fill in any bare spots promptly. 

Adventitious buds will develop under suitable stimulation from the 
older wood of most deciduous trees and shrubs. Some evergreens, includ
ing mountain laurel, rhododendron, and yew will respond to heavy cut
ting, also, and ~nuch overgrown plants may be renovated. However, 
some, including the commonly used Sawara False Cypress (Chamae
cyparis pisifera), will not. Therefore delaying thiIlning out or heading 
back on some plants will result hi permanent mutilation if they are 
pnmed severely. 

Bracing. Both mechanical and natural braces maybe used to strengthen 
a weak branch structure. When it is not practical to eliminate a weak 
crotch, a small branch from each of the two limbs may be brought to
gether so that they unite and form a living brace. The bark on each may 
be removed to expose a section of cambium. They are then tied together 
until a union is made. Branches may simply be twisted about one another 
and fastened until they gr(")w enough to stay in that position. 

Galvanized-steel screw rods may be used for bracing. The limbs form
ing the crotch should .be held together Srmly by means of block and 
tackle while the job is being done. A hole slightly smaller than the 
diameter of the rod is bored in the limbs. The hole should extend 
through the first branch and about four-fifths of the way through the 
second. A ~rod slightly shorter than the total depth of boring is then cut 
and screwed into place so that neither end shows. Bolts with nuts and 
diamond-shaped washers are also used. A hole, the same diameter as the 
rod, is bored completely through both limbs. The washers and bolt head, 
or nut, are countersunk so that bark heals the wounds completely 
within a few years. Coating the rods with asphaltum tree paint will help 
seal the wounds and reduce danger of disease becoming established. 
One, two, or three rods may be used, depending upon the size of the 
limbs and the strain involved. This type of bracing is rigid and must he 
close to the crotch. A rod used high in a tree may hreak, tear out, or 
cause the limb to sHap above it during severe windstorms. 
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Flexible bracing of crotches may be provided by using chain or cable 
attached to large screw eyes or special bolts. Triangular cabling is pre
ferred. The best location of this type of bracing is two-thirds the distance 
from the crotch toward the top. Cables should be tight enough to pre
vent slack, but not tight enough to carry the full load. It is important 
that limbs be free to move when the wind blows. 

When trunks split, they may be prevented from further opening by 
the use of bolts or screw rods. A trunk weakened by disease may be 
strengthened with rods also. Bracing should be done as soon as possible 
after injury takes place so as to limit further damage. Anticipating a 

FIG. 1~7. The crotch of this American ehn has been strengthened with a heavy bolt. Additional support through cabling higher in the tree would increase safety during storms. . . 
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weakness before injury occurs and providing supplementary strength is 
better still. 

Feeding. Providing nutrients to ornamental trees and shrubs is very 
generally neglected. Heavy chemical fertilization at planting time is sel
dom recommended, for two reasons. First, there is considerable danger 
of burning the new roots and thus killing, or at least weakening, the plant 
at a time when root-top balance is already upset. Second, a very rich soil 
in a limited area results in a restricted root development rather than a 
widely spreading one so desirable to provide better anchorage of trees. 
Good loam about the roots is usually considered sufficient at that time. 
If the soil is not naturally good, it should be improved with lime and com
post or completely replaced with new soil. 

Once trees and shrubs are established, a program of fertilization 
should be planned. Slowly available nitrogen sources such as bone meal, 
cottonseed meal, and enriched sewage sludge have many advantages. 
They prOVide for healthy growth over several years rather than the soft 
succulent growth sometimes stimulated by inorganic nitrogen carriers. 
While nitrogen is most often lacking, a complete fertilizer such as used 
for lawns (8-6-4 or 10-6-4) is recommended. 

Soil reaction, as noted earlier, is important for the growing of many 
trees and shrubs. Lilac, dogwood, wisteria, and the several viburnums 
grow better if sufficient lime is worked into the soil to maintain the pH 
above 6.0. The fertilizer for azalea, rhododendron, holly, blueberry, and 
laurel should have an acid reaction, since with these plants an acid soil 
should be maintained. For such plants sulfate of ammonia is recom
mended as a source of nitrogen in place of nitrate of soda or alkaline 
cyanamide. 

Fertilizer applications should ordinarily be made in the spring before 
growth starts. Additional fertilizer may be applied in small amounts 
later in the season if the soil is especially infertile or of such texture 
that nutrients from early applications leach out rapidly. Heavy fertilizer 
applications late in the season should be avoided since they might pro
long growth and increase winter injury. 

The amount of fertilizer required varies with the soil and the growth 
status of the plant. More is required on a poor soil than on a fertile one. 
A plant which has not yet attained the desired size may be more heavily 
fertilized than is desirable for maintenance alone. A rule of thumb of 
some value may be 20 pounds per 1,000 square feet for shrubs and 
small trees, and 2 to 4 pounds per inch of diameter, measured 2 to 3 
feet above the ground, for large trees. 

Fertilizer may be applied to the sudace of the soil in shrub borders 
and spaded or cultivated into the topsoil, taking care that roots are not 
seriously injured. Shallow-rooted rhododendrons are easily injured. 
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Where a mulch ~ used, roots will grow up to the top of the soil and 
absorb the nutrients on or close to the surface. 

Trees, especially those in a lawn area, should have the fertilizer 
. placed at a low level in the soil. Holes may be made with a crowbar or 
power drill 18 to 24 inches deep and spaced at similar intervals under 
the spread of the branches and slightly beyond. The required amount of 
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FIG. 15-8. Diagram of so-called crowbar method of fertilizing large trees. By usin!( a funnel, none of the material need be spilled on the grass. 

fertilizer may be divided for equal distribution in these holes, which 
are ther. filled with soil. A funnel may be used to prevent spilling fertilizer 
on the grass, where it may cause burning, or at least uneven growth. All 
application at three-year intervals may be sufficient unless the soil is 
especially light and poor. 

The use of foliar sprays for deficiencies of magnesium, iron, zinc, 
and boron as well as nitrogen, phosphorus, and potassium provides 
very rapid correctiou. Some of the so-called minor elements may he 
absorbed through the bark iu sufficient amounts if applied just prior to 
growth in the spring. Nutrients in solution may be supplied under pres
sure to the root area, using ,l special nozzle attached to a sprayer. This 
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method is rapid and provides irrigation at the same time. Such treatment 

may be especially desirable for newly planted trees which have a re

stricted root system. It is important that the concentration be kept low 

enough to prevent root injury. 
Cavities. So-called tree surgery is a much less important phase of the 

arborist's bus:ness volumewise, but the most specialized. Only the most 

FIG. 15-9. Extensh·c ,",wity filling as pictured is expensive and justified on very 

valuable trees onh-. Joints allow for expansion and (;ontraction. Note that bark is 

gradually covering ·filling. 
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desirable trees justify the expense involved. Cleaning out the wound and 
making conditions satisfactory for healing is usually all that is recom
mended. 
. The first step is the removal of all soft, diseased wood. Firm tissue 
should not ordinarily be removed, even though some disease is to be 
found there. Complete removal of all tissue which might possibly con
tain fungus mycelium might weaken tree structure excessively. After 
removing all infested soft tissue, additional wood should be removed as 
necessary to provi~e water drainage. This will usually require increasing 
the size of the cavity below the original injury. However, since healing 
takes place from the sides, an increase in wound size on the vertical 
axis will not slow healing and, by providing good drainage, will reduce 
the further development of disease. If a very long cavity results, some 
bracing with rods may be desirable. 

After cleaning out the badly diseased portion and providing for drain
age, all exposed surfaces should be thoroughly disinfested with rubbing 
alcohol. The final step is a light coat of asphaltum paint, w\1ich should 
be renewed as necessary. The paint will reduce drying out and crack
ing of the wood as well as limit new disease infection. Too heavy a 
layer of paint will hold water behind it and create conditions very 
favorable to rapid expansion of the original diseased area. 

In healing, bark may tEind to roll about itself. Cutting the edge to 
expose cambium and providing a surface upon which new tissue may 
grow will speed up complete closure of the wound. A stiff mixture of 
asphaltum and sawdust may be used as a filling, although most arborists 
use either cement or magnesite. 

A vigorously growing tree will heal more rapidly than one in low 
vigor. Therefore attention should be given to fertilization. 

Transplanting. Moving large trees and shrubs requires considerable 
preparation, equipment, and skill. Some arborists will move a tree of 
almost any size, anywhere, at any time of the year. However, most mov
ing is done during the dormant season when the transpiration rate is low. 
Since root growth ordinarily starts before top growth, some new absorb
ing roots will develop in the new location before the developing top 
growth requires an increased water supply. 

Preparing the plant for moving may start one or several years in ad
vance and consists primarily of root pruning so as to develop feeding 
roots closer to the trunk. With smal: trees, all roots are cut beyond the 
point which will be included in the ball of earth moved. With especially 
large trees, several of the larger roots may be located and left intact, 
the others being cut. During the moving operation these long roots are 
carefully dug around and removed, with the ball of earth enclosing a 
mass of fine feeding roots. In the new location, these long roots are laid 
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in trenches to provide extra anchorage. During moving, all roots must 
be protected from drying out so that new fibrous roots will develop 
from them. With large trees, two or more seasons may be taken in prepa
ration so as to increase the chances of successful moving. 

Some trees and shrubs may be moved bare-rooted, although less risk 
is involved when earth is moved too. A hole should be dug, somewhat 
larger than necessary, to hold the roots. If the subsoil is poor, it may 
be improved by additions of lime and compost and then firmed with a 
slight mound in the center on which the trunk base may be placed. The 
roots should be spread and good topsoil worked in about them. The soil 

FIG. 1.5-10. Apple tree caref;llly dug and wrapped for moving. Such trees, especially 
if root-pruned a year or two earlier, should continue in production. 
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should be settled about the roots with water since failures in moving 
are frequently due to poor contact between soil and roots. The presence 
of air pockets prevents the development of the fine roothairs through 
which most absorption takes place. After compacting the soil about the 
roots, additional soil is put in place to fill the hole. Often a ridge of soil 
is left around the periphery to hold water during the early part of the 
season. Under no circumstances should this ridge be left during cold 
weather, because of possible injury from ice. A mulch over the surface 
will help reduce water loss through evaporation. 

Moving plants with a ball of earth may require power equipment be
cause of the weight involved. A trench is dug around the root mass to 
be removed, and burlap or canvas, with or without short boards for re
inforcement, tied tightly about the edge of the earthen ball. The roots 
under the ball are cut so that the plant is tipped onto its side and a 
platform can be attached to facilitate lifting or sliding the tree or shrub 
from its Original position. It is important that the mass of earth and roots 
be held firmly so as to prevent breaking of the fine feeding roots, thus 
losing much of the advantage over bare-root moving. Moving while 
the ground is frozen may help. 

The amount of the root system moved is a compromise between the 
ideal (all of it) and what is practical from the standpoint of handling. 
The table below is suggestive only. Both soil type and the type of root 
system produced by the plant involved should be considered, especially 
:is to depth of ball. The ericaceous plants such as rhododendrons are 
usually shallow-rooted, while trees such as oak and walnut have long 
taproots. A shallow ball, satisfactory in the first case, may be quite in
adequate in the second. 

Table 15.1. Shrubs and Small Trees Table 15.2. Large Trees 

Diameter Depth Tree diameter Diameter Depth 
Plant of ball, of ball, (1 ft. above- of hall, of ball, 

height, ft. in. in. ground, ) in. in. in. 

1-3 10-12 8-12 1-2~ 18-24 15-18 
4-6 15-18 15 3-4 28-38 20-24 
7-10 20-24 18 5--6 48-60 26-30 

SOURCE : Adapted from D. T. Aldrich et aI., "The Care and Feeding of Garden 
Plants," The National Fertilizer Association, Washington. Distributed by Prentice
Hall, Inc., Englewood Cliffs, N.J., 1954. 

The hole for balled plants should be large enough to receive them and 
allow for firming the soil well both under and around the ball. Burlap 
may be left in place to rot. Canvas, ropes, and wooden bracing material 
should be removed before backfilling with soil. Soaking with water will 
help settle the soil and eliminate air pockets. 
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Newly transplarited trees may require bracing for a year or more ur.
til new roots are formed to anchor them firm!y. Metal or wooden stakes 
may be used for small trees. For larger trees, bracing should be provided 
from three directions, by using wire running from stakes or buried ob· 
jects-sometimes called "dead men"-to screw eyes in the tree trunk 
The angle of attachment should be about 45°. With medium-sized trees, 
the wire may encircle the trunk, provided it is enclosed in rubber 
tubing to prevent bark injury. 

FIG. 15-11. Newly planted trees should be braced from at least three directions. 
Wire should be used so as to avoid bark injury. (From E. P. Christopher, "The 
Pruning Manual," The Macmillan Company, 1954. Used with permission of The 
Macmillan Company. ) 

Subsequent care may include some corrective pruning to improve 
form and also reduce transpiration by reducing leaf surface. The trunk 
may be wrapped in burlap or Kraft paper to reduce water loss. Watering 
may be necessary during dry periOds. Wax emulsions and some plastic 
sprays are also used to reduce transpiration and may be applied before 
moving is started. During the first winter following transplanting, special 
protection in the form of mulch and windbreaks may be necessary. 
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QUESTIONS 

1. Why are favorable soil and climate more important to the wholesale nur-
seryman than to the retailer? 

2. What are the problems associated with strong winds in the nursery? 
3. Why is root pruning a common practice in nurseries? . 
4. Explain why nursery stock is usually planted in blocks of a given species 

rather than in fewer longer rows? 
5. What soil-management practices are recommended for nursery-stock pro

duction? 
6. What are the reasons for the increased use of cans for growing nursery 

stock? 
7. What is meant by "B-and-B"? How is nursery stock harvested? 
8. How would you prune a young tree for street-shade use? 
9. When should early-spring-flowering trees and shrubs be pruned? Why? 

10. How would you strengthen a weak crotch in a tree? Diagram. 
11. Diagram methods of fertilizing shade trees and explain why special prac

tices are necessary. 
12. What are the first steps in treating a tree cavity? 
13. How should large trees be prepared for transplanting? Explain reasons for 

each step. 
14. How should newly transplanted trees be treated? Why? 
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CHAPTER 16 

Plant Growing Problems: Abnormalities 
and Pest Control 

Discussion in the last several chapters has dealt primarily with the 
description and culture of the normal plant, with only brief mention of 
problems such as winter injury, mineral deficiencies, and losses from in
sect and disease pests. Certain abnormalities of growth and the destruc
tion of plants by various organisms are of such importance in determin
ing success of a horticultural enterprise that a separate chapter seems 
justified. 

While it is true that a real loss to the individual grower results from 
the ravages of insects, diseases, or drought, the figures often cited in 
this connection may well be false. The supposition is made that since 
a given number of bushels of a crop was not harvested in a given year, 
loss is simply the product secured by multiplying bushels times price. 
This ignores the economic fact that there is a relationship between sup
ply and demand which is reflected in price, and therefore if no bushels 
had been lost to pests or other calamity, the supply situation might have 
reduced price to the point where no one would have made a profit. 

This is no argument for a laissez-faire attitude toward crop protection, 
but a plea to see the picture as a whole, not just segment by segment. 
Under some economic conditions, the ultimate in production technique 
may lead to economic failure. The most successful horticulturist will be 
the one who secures the best balance between production practices, pest 
control, and marketing procedures, with due regard for the facts of 
economics in all three. 

DIAGNOSIS 

Failure to grow normally may be due to anyone of many conditions 
or combination of conditions. Proper diagnosis is the first step and is 
favored by on-the-spot examination. If this is impossible, a large sam
ple of plant parts, showing the difficulty plus as complete a description 
as possible of general symptoms and conditions, should be available. 

419 
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Injured bark tissue in the crotch of a tree may show definite invasion 
by the black rot fungus, but the real answer may be a change in method 
of controlling the tent caterpillar, that is, spraying rather than burning. 
The black rot fungus simply attacked tissue already damaged by fire 
and might not be serious in that area under other circumstances. 

Bright red apples produced in large quantities may be the indirect 
result of root injury from mice rather than the direct response to a good 
fertilizer program. Failure to determine promptly the real reason for 
the condition, in this instance a desirable one, may prevent proper treat
ment and result in the loss of the orchard. The presence of dieback on a 
tree may suggest some heavy pruning which, if the initial cause of the 
difficulty is winter injury, will no doubt kill the tree. A secondary 
disease infection of weakened tissue can be easily controlled after the 
vigor of the tree has been restored. The examples of unnecessary losses 
due ,to faulty diagnosis are unlimited. 

ENVIRONMENTAL FACTORS 

Many failures to grow properly are caused by environmental factors, 
of which a few will be mentioned. Certainly, the first step in diagnosis 
should be the elimination of these as possibilities. 

Weather may be involved. Failure of tomato, pepper, and watermelon 
to grow rapidly may be due to low temperature. These crops are so
called warm-weather crops. Similarly, lettuce may fail to head properly, 
not because of some obscure disease, but because the temperature is 
too high. Carnation stems may be weak because of high temperature, 
and gardenias drop their buds because of cold drafts. A severe russeting 
abo~t the base of pears may be the result of frost damage while the 
fruit was small. The cracking open of cherries may be the result of too
high humidity, and the splitting of lettuce and cabbage, of excessive 
rain or irrigation. 

Poor, spindly growth of sun-loving plants may be due to too much 
shade, and the scorched appearance of some rhododendron leaves to 
too much sunlight. Neither insect nor disease attack is of prime im
portance, even though it may be possible to isolate a disease-inciting or
ganism from the injured tissue. 

Lightning may strike trees or even crops in an open field. Examina
tion of tissue may show dead cambium cells in the one and a destroyed 
root system in the other. The first observed symptom in both cases may 
be wilting of the leaves. In homes heated with gas and in some industrial 
areas, poor growth may be due to gas leaks or fumes. Often damaged 
foliage may be due to improper spraying, damage being caused either 
by the chemicals used or the method of application. 
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Soil conditions are frequently responsible for growth abnormalities. 

A shallow soil may be responsible for poor growth, especially during 

drought. Too wet a soil may cause the death of a tree such as the peach 

and yet support excellent pear trees. In the greenhouse, and in some 

arid 'areas, the soil solution may become so concentrated that roots are 

killed. The plants may then show symptoms of drought or mineral de

ficiency. Light-colored foliage on a plant may simply mean lack of ni

trogen to the plant due to the presence of large amounts of decaying or

ganic matter in the soil. In some cases, a toxic amount of some element 

such as aluminum or boron may be present. Damage to plants often fol

lows a winter of heavy snows when large amounts of calcium chloride 

are used to melt ice on walks and drives. 

INHERENT WEAKNESSES 

There are a number of plant abnormalities which are quite complex. 

While some may be associated with certain weather conditions, other 

factors, including varietal tendencies or weaknesses, are involved. Some 

of these disorders have been referred to as physiological diseases. The 

use of disease in this connection seems unfortunate since it has not been 

established that any outside agency is involved, except, perhaps, weather. 

The term disease becomes less definitive when used so loosely. 

Storage scald, the surface browning of the skin of the apple, is a 

disorder probably associated with concentrations of gases generated 

within the fruits themselves. Varieties such as Rhode Island Greening, 

Cortland, Grimes Golden, York Imperial, and Winesap are quite sus

ceptible, while Delicious and McIntosh are less so. Bitter pit-sunken 

brown spots on the surface of the apple fruit-is thought to be due 

to fluctuating water supply and the drying out and death of cells im

mediately below the lenticels. This disorder occurs most often under 

conditions of a light crop, heavy foliage, and either shallow wet soil or 

excessively drained soil; it is worse on large fruits. Baldwin and North

ern Spy are quite susceptible, while McIntosh and Cortland seldom show 

the difficulty. 
Cracks in the skin of tomatoes are favored by uneven water supply 

but are also a varietal weakness. Plant breeders seek to develop varieties 

with less tendency to crack. Certain varieties of carnation, such as 

Gordon, tend to develop split calyxes. Conditions favorable to this dif

ficulty include too-low temperature, excessive fertility, or lack of nitro

gen. Many other examples might be given, but the fact of disorders with

out a living organism as the cause and of the variation in susceptibil

ity between varieties has been illustrated. 
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FIG. 16-1. Experimental treatment of CortIand apples wi"th" mineral-oil emulsion for control of storage scald. Orchard spray treatments have ·been fOUl,d effective also. (URI1Jhoto. ) " -- .~ .. 

DISORDERS ASSOCIATED WITH OUTSIDE ORGANISMS 

Many plant-growth difficulties are associated with identifiable disease
inciting organisms, insects, or with other animal life. The number of 
diseases and insects attacking plants is very large, and no attempt will 
be made to describe them or give detailed controls. Several diseases 
and insects will be described as types, or in order to point out differences 
in the approach to control. Some diseases and insects are specific as to 
species and variety, while others are general in occurrence. 

DISEASES 

Plant diseases may be divided into three general classes: (1) those 
caused by bacteria, (2) those caused by fungi, and (3) those caused 
by viruses. As noted earlier, physiological disorders are frequently classed 
as a fourth "disease" category, but for reasons given above, seem out of 
place here. 

Bacterial Diseases. Bacteria are small unicelled organisms which, under 
favorable conditions, multiply very rapidly and cause serious growth ab-
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normalities and / or death. Bacteria do not possess chlorophyll for food 
manufacture and depend upon food in plant tissue (living or dead) for 
growth. Type of injury varies considerably. Some bacteria cause local 
infection and injury or death to specific tissue; others invade the conduct
ing tissue, interfering with water transfer, and thus cause wilting; while 
others cause abnormal growths on the stem or roots which may, in turn, 
alter growth patterns. 

Fire blight (Bacillus amylovorus, or, more recently, Erwinia amylovora) 
is an example of a bacterial disease attacking over 75 species of 
Rosaceae. Primary infection occurs in early spring from bacteria which 
overwinter in infected twigs and may be spread by water. Secondary 
spread may be favored by insects, especially bees, during pollination. 
Spreading the bacteria on pruning tools is a real possibility. While 
invasion through blossoms and pruning cuts is especially favorable, it 
may occur through leaves and water sprouts attacked by sucking . insects. 
Under conditions of high temperature, the disease may spread as much 
as 2 inches a day in soft, succulent tissue. Movement in mature tissue 
seldom occurs, and the approximate limits of tissue invasion may be 
marked by a line of depression outlining a so-called canker. Since 
blossOlfls and small twigs are frequently infected, complete loss of crop 
may occur on apple, pear, and quince trees. 

Some details of life history have been given to demonstrate the many 
factors which may be involved in control. In the first place, species 
susceptibility has been indicated. Of the three crops singled out above, 
pear is the most likely to be attacked. There are variety differences as 
well. Secondly, soft succulent tissue is most vulnerable, and therefore 
cultural practices may be altered to reduce the length of time tissue is 
in this condition. Practical considerations are reduced pruning, fertiliza
tion, and cultivation, which may reduce tree size and crop. A third ap
proach is the elimination of sources of bacteria-the removal and burning 
of all injured twigs or cankers, including enough apparently unaffected 
tissue to be sure. These sanitation measures include the sterilization 
of pruning tools with alcohol and the disinfestation of all wounds by 
the same means. Spraying the trees, especially the blossoms, offers 
still 'another method of attack. While many materials have been tried, 
including Bordeaux and phenyl mercuries, the greatest success has been 
attained with antibiotics such as streptomycin. When using sprays to 
control bacteria, both injury to the blossoms and the repelling of the 
bees necessary for pollination must be avoided. 

From the discussion above, it should be apparent that one needs to 
understand growth of the plant and the life history of the attacking 
organism in order to plot the best possible campaign for control. 

Other bacterial diseases causing serious crop damage include the 
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wilt of sweet corn and bacterial blight of beans. The organism causing 
bacterial wilt ($tewart's disease) of sweet corn is Aplanobacter stew
art~i, which may be carried in the seed, in overwintering stubble, and 
in adult flea beetles which overwinter and attack plants in early spring. 
The use of clean seed and resistant varieties are both recommended 
means of control. Bean blight, causing large brown .blotches on leaves, 
girdling of stems, and water-soaked spots on the pods, is largely con
trolled by planting seed from regions free of the disease (it is seed
borne) and the use of resistant varieties. 

Crown gall is a very common abnormality caused by bacteria. There 
appear to be several types or strains involved, of which Agrobacterium 
rhizogens is most pathogenic en apple and A. tumefaciens on bram
bles. Injury t(l the root may be localized as very obvious galls and ap
pear in earlier stages as enlarged sections of roots. Bacteria secure en
trance through wounds resulting during grafting, cultivation, or insect 

FIG. 16-2. Cmwn gall near erown (lR peaeh. (11. \V. Anclerson, "Diseases of Fruit 
Crops," McGralc-HiIlBook Company, Inc., 1956.) 
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attack. Since bacteria live on in the soil for a period of time, planting 
susceptible species on infested soil is almost certain to lead to difficulty. 
Starting with clean nursery stock, using soil which is free of the bacteria, 
and avoiding root injuries are all means of limiting loss caused by this 
organism. 

While there is no satisfactory cure for disease-infected stock, good 
cultural practices, especially high fertility, may produce profitable crops 
for a while, in spite of crown gall. 

Fungus Diseases. Very large crop losses result from abnormalities 
caused by lower plants known as fungi. The fungi are multicelled and 
normally have a rather complicated life cycle, with vegetative and repro
ductive stages. It is important to understand the life cycle if good con
trol measures are to be devised. Some fungi grow primarily on the surface 
of the host -plant tissue (powdery mildews), others develop largely in
side the host plant but erupt at certain stages and exhibit definite lesions 
(downy mildews, rusts, anthracnose, scab, etc.), and still others remain 
inside host tissue entirely, invading conducting tissue and causing wilt
ing of the plant (fusarium wilts). Obviously, the methods of control will 
differ. 

The mycelium, or vegetative portion of the powdery mildews, grows 
over the surface of the leaf, constricting growth and causing the leaves 
to curl. As fruiting bodies develop, a white powdery appearance is evi
dent and spores called conidia are produced in great numbers. This 
stage is most common early in the season and may be followed by 
development of another type of overwintering spore called an ascospore, 
produced in a clublike appendage (ascus) from a perithecium. 

Control of powdery mildew includes the use of resistant varieties, 
the destruction of infected plant parts, thinning out the plant to prevent 
foliage remaining moist for long periods, and the use of spray materials, 
especially sulfur. Peaches, cucurbits, chrysanthemums, and especially 
roses, are susceptible to this disease. In the greenhouse, placing a sulfur 
paste on the steam pipes may result in sufficient volatilized sulfur to give 
control. 

The fungi causing diseases such as apple scab, cedar rust, anthracnose 
on melons, and downy mildew on grapes develop within the host tissue 
for a period of time, during which they are not particularly vulnerable 
to sprays applied to the surface The apple scab organism completes 
its life cycle on the apple, while that causing cedar rust requires an 
alternate host. Thus control of some rusts may be effected by the elim
ination of one of the host plants. Examples, in addition to rust on 
apple and cedar (and related species in each case), include white pine 
blister rust that occurs on both white pine and currant, wheat rust on both 
wheat and barberry, etc. 
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. 'Apple scab (Venturia inaequalis) is a very common disease of the 
genus Malus when grown in a humid climate. Some details of its life 
history and control will serve to illustrate several points . 

• 
Progression of opple KGb ov.r wintering myc.lia mass, to d.v.lap .... nt 
of perithecia with club-like asci containing .Ight 2-celled asco.por •• 

which or. discharged from ruptured asci during rain •. 

FIG. 16-.'3. Apple scab development may be watched under the microscope, and spray 
applications timed for most effective control. 

Apple scab attacks leaves, blossom pedicIes, twigs, and fruit. Leaf 
and fruit lesions are most common. Most of the inoculum comes from 
old leaves on the ground in which the fungus overwinters as a mass of 
mycelium. As warmer weather comes, the mycelium mass increases in 
size and is differentiated into a pocketlike structure called a perithe
cium, in which cIublike asci develop with, ultimately, eight 2-celled 
ascospores in each. Meanwhile, the perithecium has increased in size 
to the point that rupture of the upper epidermis is imminent. The 
as cos pores pass from a colorless to a colored stage, and during rain 
the caps o~ the perithecium and of those asci with mature ascospores are 
broken open. Ascospores are forcibly ejected into the air and, being 
very light, are carried by air currents high in the tree, where infection 
may take place. 

The development of spores may be watched under the microscope, 
and with experience one may predict when discharge will occur. The 
discharge takes . place during rain, and, dependin~ upon temperature, 
infection may occur in from 6 to IS" or more hours, provided that the 
leaf. or fruit surface remains wet. Since primary infection occurs in early 
spring when temperatures are low, the longer periods of wetting are 
usually necessary. Knowing the temperature and the time when rain 
started, one may determine the likelihood of a light, medium, or heavy 
infection and be guided accordingly in the use of preventive measures. 
Spray materials vary greatly in effectiveness and type, as will be dis-
cussed later. . 

All ascospores are not liberated at one time, and so several infection 
periods may occur over a period of several weeks. Upon successful 
germination and invasion of leaf or fruit tissue, scab develops for 
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a period of from eight days to over two weeks, depending on tempera
ture, before visible evidence of infection appears. The mycelium has 
meanwhile developed, and finally structures known as conidiophores 
rupture the surface of the leaf or fruit and summer spores, or conidia 
(single-celled), are produced terminally. Repeated infections from 
conidia are possible throughout the summer when late-infected leaves 
fall to the ground and harbor mycelium throughout the winter to start 
the cycle all over again. 

From the discussion above, several principles may be deduced. There 
may be more than one type of spore and many quection periods 
during a season. The discharge of spores and successful infection may 
be related to both temperature and moisture conditions. Spores may be 
carried by wind currents. Infection may not be obvious for a period of 
time. With apple scab, there are differences in variety susceptibility 
and condition of tissue. Older leaves are less likely to' be infected. 
Since diseased leaves are the principal source of infection, burning or 
otherwise killing the fungus in the leaves would seem to offer a practical 
means of control. While such treatments may help, the fact of human 
error-a leaf or two will surely escape detection-and the fact that spores 
may be carried considerable distances by wind make perfect control 
by sanitation unlikely. 

The life history of each disease is carefully studied by pathologists 
in order to devise the best control measures. With scab, spray during 
the rain or just before it is important. Spraying during a dry period is a 
waste of time and money, since infection will not take place. A hard 
shower in the morning, followed by complete drying in the afternoon, 
will not permit infection at almost any temperature, and therefore 
spraying is unnecessary. An afternoon shower, followed by a fog the 
following morning, may provide ideal conditions for disease infection. 
With some fungi, the safe period is much less. With an infection in a 
cut root or a pruy.ing wound, no waiting period may be involved. 

Fusarium wilt of tomato (F. bulbigenum-var. lycopersici) is a very 
Widespread disease which does not show on the plant as a lesion but 
as a wilting of the plant and an upward and inward rolling of the 
leaves, which finally turn yellow and die. Examination will show a 
dark brown discoloration between the pith and the bark of the stem. 
The water tubes (xylem) are plugged, and hence the plant dies. 

The fungus lives in plant refuse in the soil for many years, and the 
use of resistant varieties, plus rotation of the land, gives some measure 
of control. Fortunately, one of the most popular varieties, Rutgers, has 
some resistance. 

Virus Diseases. The third class of diseases differs in that no speCific 
organism with a life cycle can be isolated. Yet the abnormality can be 
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deveioped in disease-free plants by inoculations of a suitable nature. This 
cannot be done in the case of the physiological disorders. 

Virus particles are much smaller than bacteria and pass through filters 
which retain the latter. They increase only in the presence of living 
cells of the host. They are thought to be large protein molecules, but 
why and how increase is triggered is unknown. A number of plant 
diseases have been attributed to viruses. There are two general types: 
mosaics, where the green leaf color is mottled dark and light, and yellows, 
where the ;:)ntire leaf is off color. There are, of course, other manifesta
tions, including stunted growth, crumbly fruit, low production, and often 
eventual death. There are many strains of viruses, and great variation 
in variety susceptibility. The solanaceous plants (tomato and potato) 
and brambles are especially susceptible to mosaics, while stone, or 
drupe, fruits and asters are especially susceptible to yellows. 

A mosaic of red raspberry may cause limited damage, but if carried 
to the black raspberry by plant lice or aphis, the whole plantation may 
die out. Mosaic in tobacco may be spread to tomato by contact with 
the hand of a smoker. 

Yellows of asters are commonly spread by sucking insects, and both 
cloth-screened houses and insecticides are used for protection. Yellows 
on drupe fruits may be spread by insects or through the propagation 
process. 

In some cases, it is possible to secure virus-free stock of a susceptible 
variety and, by vegetative propagation and great care in insect control, 
reestablish a variety which had been so weakened that discard seemed 
likely. This has been done with the Catskill strawberry. The study of 
virus diseases is still young, and it may be that effective chemical control 
measures will some day be available. 

INSECTS 

Insects are, technically, six-legged invertebrate animals with a body 
divided into three distinct parts, head, thorax, and abdomen. When dis
cussing pest control of plants, other small creatures such as mites are 
usually considered also. Most insects go through a complete change, or 
metamorphosis, consisting of four distinct stages: the egg; the larva, or 
worm; the pupa, or cocoon; and finally the adult. Some have incom
plete metamorphosis, in which eggs hatch into a nymph stage, then 
after several progressions, become the adults. The nymph is similar, in 
many ways, to the adult, not entirely different as a worm (larva) and 
fly (adult). Some insects give birth to living young, at least in certain 
parts of the season (aphis). 

There are more species of insects than of all other animals and plants 
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combined. Some attack a wide variety of plant life, while others are 
very specific as to host. Some insects have one generation per year, 
while others may have several, depending, in some cases, upon climatic 
conditions. Since the stage of development when injury is caused-adult 
or larva-and the life cycle as regards season of the year varies greatly, 

FIG. 16-4. The control of the tent caterpillar is easier if sprays are applied before 
this stage. (URl photo.) 

knowledge of the life cycle is very important to the development of 
control measures. A few examples will be given to illustrate some of 
the problems involved. 

A widely distributed insect is the common Eastern tent caterpillar 
(Malacosoma americanum F.). The common name is appropriate-the 
injury is done in the larva, or caterpillar, state,l and these caterpillars 

1 Technically, the larva stage of a moth is called a caterpillar, that of a fly is called 
a maggot, and that of a beetle is called a grub. 
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build a dirty-white-colored tentlike shelter, or nest, in the crotch of a 
tree or shrub. The insects over winter as tiny larvae in the egg case. 
These egg cases are found in a tightly packed mass about an inch long, 
nearly encircl~ng a twig and covered by a shiny shellaclike covering. 
The larvae break out in early spring just as buds open; and the tiny 
caterpillars go in search of food, often traveling along a silklike trail 
which they exude. The insects from one egg cluster construct a nest 
and usually come together at night. 

After a few weeks of feeding on leaves, the insects attain full size 
and the tree or shrub may be completely denuded. At maturity, the 
caterpillars seek out crevices of some sort and build about themselves 
a soft covering, or cocoon, in which they transform to the adult, or 
moth, stage. The adults mate upon emergence, and the females lay from 
200 to 300 eggs. There is but one generation per year, and trees and shrubs 
which are attacked usually send out new leaves. While greatly retarded 
in growth, they seldom die. 

A study of the life history suggests that control may be achieved in 
several ways. First, the egg masses are of considerable size and exposed 
for many months. The collection and destruction of these clusters is 
one means of control. Second, the tiny caterpillars feed in an exposed 
position on leaves and are therefore quite vulnerable to poison sprays. 
Third, since the colony ordinarily spends the night together in very easily 
seen whitish nests, the nest, together with its occupants, can be easily 
destroyed. All three methods are commonly employed. 

The Japanese beetle (Popillia japonica Newm.) is an extremely im
portant and destructive insect pest. Instead of overwintering in the egg 
stage in • .m exposed position, they spend the winter deep in the soil as 
partially grown larvae, or grubs. In the spring, feeding on roots con
tinues until full size is attained, when the grub pupates in a rather 
hard brown pupa case. Some time in early summer (southern New 
England), the adults emerge from the soil as beetles and fly to vegeta
tion, which is consumed in large amounts-leaves, flowers, and fruits. 

After a period of feeding, females lay eggs in the soil, especially sod 
land. Upon hatching, the tiny grubs feed on roots and other organic 
matter and develop until cold weather when they go to a lower level 
to hibernate. The life history of the Japanese beetle, although involving 
exactly the same stages, is very different from that of the tent caterpillar 
from the control standpoint. Eggs are in the soil and occur singly. No 
mass attack at this stage is possible. All the grub stage is spent under
ground, and thus out of sight. However, grubs do feed at this stage 
and so, like the caterpillars, can be- controlled by placing the proper 
poison in the soil. As adults, they feed and are therefore vulnerable 
and may be pOisoned. Root damage takes place in early spring and 
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from late summer to cold weather. Damage to the above-ground plant 
part takes place for a shorter period, but foliage injured late in the sum
mer is less likely to be replaced. Also, the damage to flowers and fruit 
may make economic loss greater. 

FIG. 16-5. The Japanese beetle life cycle suggests stages when control measures 
should be applied. (After USDA. ) 

The apple maggot, or railroad worm (Rhagoletis pomonella Walsh), 
is an example of an insect which ha~ a limited number of host plants as 
opposed to the aforementioned which attack many plants. It is a major 
pest of apple, and a closely related species or strain is important on 
blueberry. The adult is a fly, and the insect overwinters in the soil as a 
pupa. 

The adult fly emerges from the ground starting in late June or early 
July (southern New England) and continuing for several weeks. This 
fact of a long period of emergence is worthy of note. The Hies have 
lapping mouth parts-neither biting nor sucking-and exist largely on 
moisture from leaf and fruit surfaces. After a period of about lO days, egg
laying begins. Individual eggs are deposited just under the surface of 
the skin. The eggs hatch and the tiny larva (maggot) tunnels in all 
directions through the fruit until full size is attained. 

Infested fruits ordinarily drop to the ground, and the full-grown 
maggot comes out, enters the soil, and pupates until the next year. Here 
again, but one generation per year is involved. 
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A study of the life hi.story explains why so many are unsuccessful in 
control. All sprays prior to about July 1 are of no importance, and un
less the Hies are killed within a week or 10 days of emergence, the eggs 
will be laid within the fruit and control becomes impossible. The time 
of emergence varies with weather, and thus trapping or ' some other 
means must be devised to determine proper timing of control measures. 
Prompt picking up and destroying of dropped fruit (twice a week in 
warm weather) will help reduce- the population for the following year. 
Cultivation of the soil may expose some pupae to weather or predators, 
but this is not practical under sod culture. Prompt and thorough spraying 
is the best control measure, especially if it includes all nearby trees and 
some wild species such as hawthorn. 

The peach-tree borer (Sanninoidea exitiosa Say) is still another pest, 
which can be controlled only when t-he life history is known. Damage is 
done in the larval stage by a cream-colored, dark-headed worm which is 
about 1 inch long when full grown. The borer (larva) tunnels just under 
the bark and may completely girdle the tree, or at least weaken it to 
the point that death from winter injury is more likely to occur. 

The adult is a dark steel-blue clear-winged moth, the female of which 
lays 300 or more eggs singly or in small clusters, for the most part on 
the peach tree trunk and close to the ground. Egg laying occurs over a 
period of several weeks in midsummer. Eggs hatch in from 5 to 15 days, 
depending upon temperature, and most of the tiny larvae travel to a point 
just below the surface of the soil and bore through the bark to feed 
in the cambial area. The following spring, larvae continue growth, and 
when full grown, emerge and pupate in the soil adjacent to the trunk. 

Control measures are aimed at killing the larvae immediately upon 
hatching by spraying with a material which will kill by contact as they 
travel down the trunk or while they (larvae) are in the trunk. Gas 
treatment using PDB (paradichlorobenzene) crystals covered with a 
mound of soil to confine the gas was common practice for many years 
until sprays such as DDT became available. The individual home owner 
may dig out the worms with a pocket knife. The presence of borers is 
often betrayed by gum formation at soil level. 

The insects discussed thus far have done damage, at least in some 
stage of development, by biting, and are sometimes referred to as bit
ing or chewing insects. It is true that in some cases the chewing is 
from the outside, while it occurs inside in others. A second large group 
of insects have piercing or sucking mouth parts, and control measures may 
be quite different, since at no time is any considerable tissue ingested. 
This group indudes the various scales, leaf hoppers, and aphis (plant 
lice) . 

The oystershell scale (Lepidosaphes ulmi L.) is common on poplar, 
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lilac, apple, and many other plants. The scales are readily recognized 
because of their shape, much like an oyster. The insect spends the 
winter in the egg stage, 50 or more small white ovals under an old 
scale which covers the dead female. In the spring, the eggs hatch about 

FIG. 16-6. Euonymus scale is best controlled just as young emerge and come out 
from under protective scale. (URI photo.) 

the time blossoms fall from apple trees. Tiny cream-colored larvae 
emerge from beneath the scale and move about for a short time before 
inserting a hairlike feeding tube through the bark to suck juices. 

Almost immediately after selecting a feeding location, secretion of 
a protective scale begins, and it continues to be increased in size as the 
insect matures. The females stay in place, but males finally emerge as 
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two-winged adults and accomplish fertilization. The fertile female then 
lays eggs and dies. In many areas there is but one generation, in some two 
generations, per year. The sucking of plant juices by scale insects< weak
ens plar~ts and, in many cases, kills them. It should be obvious that 
no ordinary spray treatment would be satisfactory. The period of time 
when the newly hatched insects are unprotected by a scale may be but 
a few hours. Oil sprays which will kill the eggs are generally used. 

Aphis, or plant lice, are one of the most common insect pests (family 
Aphididae, with several genera). There are innumerable species, many 
of which are very specific as to host plant. Aphis are sucking insects 
and increase at a very rapid rate. Injured leaves tend to curl about 
themselves, thus giving some protection to the developing nymphs. Roots 
and fruits are attacked by some species. Aphis excrete a sticky liquid' 
which is known as "honeydew" and may attract bees and ants. CertaIn 
saprophytic fungi may grow in this material, turning the tissue black in 
color. While the life history varies somewhat between species, a some
what typical one is described below. 

The winter is normally passed in the egg stage (in the North) on the 
smaller branches of a tree or shrub. These eggs are frequently elongated 
and shiny black in color. The eggs hatch in early spring, and the nymphs 
develop into a so-called stem mother, a female capable of giving birth 
to living young without mating (called parthenogenesis). These young 
nymphs feed actively, pass through several molts, and in turn develop 
into stem mothers. After several generations, male and female aphis 
are produced, mating. occurs, and eggs which overwinter. are laid. 
From' 10 to 20 g{j!neI'ations' a: year, consisting of 10 or more' each" are 
possiThle' under ideal conditions. 'Jihe' almost!: astronomiCal' build~up pos
sible from one egg explains the great damage experienced! w.llen con·· 
ditions are favorable for development. 

These soft-bodied insects are exposed to natural enemies and are 
~usceptible to sprays, which may keep the population under control. 
Since the eggs are exposed during the winter, both natural and arti
ficially induced losses may occur. Stomach poisons are of no value be
-::ause the insect has sucking mouth parts only. 

Mites, while not insects, are pests of many crop plants and ornamentals 
and should be considered. The winter may be passed as red eggs on a 
tree (European red mite, Metlltetranychus ulmi Koch) or as an adult 
in the debris on the ground (clover mite, Bryobia praetiosll Koch). In 
a cold winter, the exposed eggs may be killed, while the normally more 
vulnerable adults may be protected by snow and thus survive. 

Mites normally go from an egg stage to the adlllt mite which feeds by 
sucking juices-often the chlorophyll of the leaves-and then lays eggs. 
Several generations a season are pOSSible, and there is usually an over-
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lapping of broods so that some are always in each stage once eggs 
begin to hatch. Therefore sprays must be effective against both eggs 
and adults or must be applied frequently enough to interrupt the life 
cycle. Feeding is usually on the underside vf the leaves, which makes 
control by sprays more difficult. Mites are very small and may be present 
in relatively large numbers before being noticed. 

FIG. 16-7. Thrip damage on gladiolus is shown at left and venter. (URI IJ/lOtO. ) 

MISCELLANEOUS PESTS 

Many other animals may cause difficulties in the growing of plants. 
These range from the tiny nematodes, or eelworms, to mammals such as 
rabbits and woodchucks. A few will be mentioned. 

Snails and slugs belonging to the phylum Mollusca (along with clams 
and oysters) may cause trolible to garden and greenhouse crops. Snails 
have coillike shells on their backs, while slugs are soft, slimy animals 
without shells. Both feed largely at night on succulent leaves, mush
rooms, and fruits. Poison bait is usually used to control them when gen
eral dean-up sanitation is not effective. 
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Nematodes, belonging to the phylum Nemathelminthes, are small, 
often microscopic, whitish, unsegmented worms. Eggs are laid in the 
soil, and the worms enter tender roots, causing root galls and otherwise 
interfering with normal functioning. Damage is especially serious in 
light sandy soils in Southern areas and in greenhouses. However, certain 
species are being recognized as a serious pest in outdoor gardens in 
the North. Soil fumigation and crop rotation are both possible control 
measures. 

Earthworms (Annellida) are common, especially in highly organic 
soils. They may be considered beneficial in that they ingest large 
amounts of soil, transporting it from one level to the other and improving 
soil aeration. The fact that they are found in large numbers in organic 
matter has suggested to some that they are responsible for high fertility. 
It seems more likely that cause and effect are reversed. On fine turf, 

FIG. 16-8. Mouse damage to young fruit tree. Complete girdling and death may 
occur. 
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worm castings may be considered detrimental, and poisons should be 
used to destroy worms. 

Ants (superfamily Formicoidea) are sometimes a problem in one of 
two ways. On fine turf the anthills are unsightly, and ants are certainly 
unwelcome at the picnic table. Ants are reported to transport aphis 
to crop plants for the purpose of feeding on the honeydew produced. 
These tiny "dairymen» thus help spread dangerous plant pests, includ
ing virus diseases. 

Mice are often a problem, feeding on seeds and bulbs and girdling trees 
and shrubs. The meadow mouse (Microtus) is widely distributed and 
especially troublesome. The pine mouse (Pitymys) is less widely dis
tributed, but because it feeds primarily underground on the roots, serious 
infestation may occur before it is realized. Both of these mice are trail 
builders and travel about during the daytime in the grass cover or in 
tunnels in soft ground. 

The Fish and Wildlife Service has developed control measures, of 
which the use of zinc phosphide-poisoned apple cubes or oats placed 
in runways is most common. An artificial trail-building machine has re
placed the old trail-hunting procedure formerly necessary for placing 
the baits. Wire netting under and over bulbs and seedlings helps. 

Rabbits, woodchucks, and deer cause considerable damage in some 
areas. Fencing, shooting, and the use of gas cartridges for woodchucks 
are all possible methods of limiting population increase. As might be 
expected, horticulturists and sportsmen sometimes have different views 
on the desirability of destroying rabbits. Even stronger opposition is 
faced when it is deer that are causing trouble, as they do in some orchard 
areas. 

The listing above by no means includes all animals causing trouble to 
the horticulturist. Coons will sometimes husk corn, moles tunnel in 
lawns, and in some areas "finger blight» is particularly prevalent with 
melons and other fruits. 

CONTROLLING INSECT AND DISEASE PESTS 

Although in the discussion of specific insect and disease pests above 
an occasional reference was made to control, a more organized summary 
seems desirable. 

Variety Selection. To the extent that varieties of a crop resistant to 
insect and disease pests are available, they should be used. The diHerence 
in susceptibility among plant varieties is great. The Temple strawberry is 
resistant to red stele; the new Logan black raspberry to leaf curl; Honey 
June sweet corn, because of tight husks, suffers less from corn earworm 
than do other varieties; etc, 
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Plant breeders are continually seeking a species with disease resistance 
which can be incorporated into a good market variety. However, as 
changes may occur within higher plants, they may also occur in lower 
plants, fungi, and new strains of disease may develop which require 
that the breeder start all over again. However, the use of resistant 
varieties should be a first consideration. In learning to live with soil
borne organisms, woody perennials may be grafted on to resistant 
rootstocks without the necessity of developing new varieties. This is 
usually practiced with European-type grapes which could not otherwise 
be profitably grown because of the soil aphis grape phylloxera (Phylloxera 
vitifoliae Fitch). 

Mechanical. Mechanical devices may be used for protection. Included 
are wire guards against rabbits and mice, tarpaper collars about the base 
of plants to guard against cutworms, painting tree trunks to limit egg
laying by certain borers, and screening to exclude yellows-bearing insects 
from asters. 

Sanitation. Many insects and disease-inciting organisms overwinter in 
crop residues, stone walls, wood piles, etc. Cleanup may greatly improve 
the chances of control. Judicious scraping of loose bark from apple trees 
will help with codling moth control. Removing stone walls will destroy 
natural hibernating places for the plum curculio. Destroying all corn 
stubble will help control the European corn borer. The importance of soil 
pasteurization has been mentioned repeatedly. Knowledge of pest life 
histories is necessary to determine how sanitation may help. All horticul
turists would do well to study both plant pathology and economic ento
mology. 

Soil cultivation, by exposing insects to the elements and birds, may 
lower insect population. Plowing may bury some plant residue so deep 
that disease-fruiting bodies either do not develop or do not reach the 
surface. Frequent cultivation during the.period of spore formation may 
destroy the fruiting mechanism of brown rot, a common disease of stone 
fruits. Cultivation during the period of pupation will destroy many in-
sects, including plum curculio. • 

Rotation is very important in controlling certain insects and diseases. 
Certain organisms may build up to a high level on a given plant species, 
but die off when another is grown. As noted in Chapter 4, the golden 
nematode builds up very rapidly on potatoes and similar crops but 
almost disappears when corn is grown. By rotating crops, the pest is 
not eliminated but is kept low enough so that profitable crops may 
be growu. Tomato is susceptible to the soil-borne fusarium wilts, and 
rotation will help. However, other crops attacked by these organisms, 
such as waternlelon, should not be used. The cabbage family (cabbage, 
broccoli, Brussels sprouts, and cauliflower) should be considered as 
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one species when considering rotation for insect and disease control. 
Pruning may be effective in pest control in at least two ways. The re

moval and burning of fire-blight cankers on pear is helpful. The same is 
true of the cankers of black knot on plum. The removal of weak wood 
and that killed by winter cold will help to prevent a normally weakly 
parasitic disease such as black rot from becoming epidemiC. This organ
ism grows on a wide variety of plants and on both dead and living tissue. 

Pruning by thinning out the plant may permit more thorough spray
ing, and thus better control. Thinning out also allows Jor more rapid 
drying of foliage after rains, and thus reduces the danger of some 
disease infections. Sooty fungus is very difficult to control "in a thick ap
ple tree standing in a hollow where moist air collects. 

Natural Enemies. Some of the most important controls of insect life are 
natural enemies: birds, moles, mice, and especially other insects. If it 
were not for the balance achieved in nature, insects might truly take over 
the face of the earth. According to the information given earlier on aphis, 
it is mathematically possible for one egg to give rise to over a billion 
individuals in one year. 

The fact of unusual outbreaks of a given insect may very often be 
traced to a failure of its natural enemies to develop normally. Man may 
contribute to the problem in many ways. By cutting all pithy-stemmed 
weeds near an orchard, the natural parasites attacking the codBng moth 
on apple may be reduced to the point where the best spray program 
may be only partially successful. The use of certain spray materials 
which kill predators may unleash a population of mites which will do . 
more damage than would have occurred with no spraying. A cold 
season may be more favorable to the hatching and multiplying of aphis 
than to the very important controlling insect, the lady beetle. The result 
may be a "bad aphis year." 

Man further cOmplicates the situation by - introducing insects from 
other sections of the world without bringing-along the natural enemies. 
The introduction of natural enemies from the native habitat of a new 
insect pest is one of the first objectives of entomologists. Due regard must 
be given to climatic adaptation and t~e danger that the control insect 
may become a worse problem than the original pest. 

Natural control may sometimes be improved .. Certain parasites and/or 
predators may be bred and introduced where needed. However, it 
must be kept in mind that the natural way is limiting or controlling an 
insect, not eliminating it. If the number of host insects (food supply) 
becomes too low, the paraSites or predators die off. This explains some 
of the cycles of insect prevalence which occur. 
C~emical Pest Control. Successful growing of most horticultural crops 

is not possible without the use of chemicals for the control of certain 
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insects and diseases. The use of chemicals should be considered the last 
line of defense, however, both from the standpoint of upsetting the bal
ance of natural control (insects) and cost (insects and diseases). Hun
dreds of millions of dollars are spent annually for materials, equipment, 
and labor. 

As indicated earlier in this chapter, it is important to know the life 
history of the pest concerned to determine at what stages it is most vul
nerable. Climatic factors are involved also in both the effectiveness and 
safety of chemicals. For example, sulfur may be used with less likeli
hood of "burning" foliage and russeting apple fruits in a cool, dry at
mosphere than under humid and/or very warm conditions. On the other 
hand, a copper spray such as Bordeaux may be safer on some crops in 
the South than in the North. Moreover, there are varietal differences 

FIG. 16--9. The Dutch elm disease has destroyed many beautiful trees by inter
fering with water-conducting tissue. Observe, also, method of removing large limb. 
(URl photo.) 
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both from the standpoint of safety und response. No attempt will be 
made to present spray p;'ograms for control of the pests on specific 
crops. The latest local recommendations should be secured. 

Materials for pest control may he divided into three general classi
fications: (1) insecticides, (2) fungicides and bactericides, and (3) 
fumigants. Pesticides may he applied as liquids, dusts, or gases. Some 
materials are effective in controlling several pests, while others are very 
specific. DDT will control gruhs of Japanese heetle, bllt not those of 
the June heetle (the usual white gru hs in sod land). Chlonlallc will con
trol hotb . Lime sulfur is hoth an eflective insecticide applied in the 
dormant season to control San Jose scale and an excellent fungicidc for 
peach leaf curl and apple scab. 

Insecticides. j\:Iaterials used to control ins(:cts are called insecticides. 
They may kill hy ,nternal poisoning (arsenate of lead for chewing ill
sects) or external contact (nicotine sllifatc for ~ucking insects or oils 
for eggs ). Some may function to some cxtent in hoth ways, and still 
others give off fumes which also result in de<tth- of somc insects. 

J. 
.t .-: ' 

F,e, lG-JO. E.\I1C'rilllC'lI!aHv at least, chl'mical treatment to the trunk offers some 
I'fClJlI is< , of ('olltrol hI' wilt discasc" Enough hull'S ilre lnatl(; to intersect all (;onduLtitt<' thSlll', (l.: RI photo. I " 
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Il10rganic insecticides include ursenicals, fluorine compounds, sulfur, 

and mercuric chloride. At one time, lead and calcium arsenates were 

the most widely used stomach poisons, but have been largely super

seded by the organics. Sodium fluorosilicate is sometimes used for cut

worm bait. Sulfur, although primarily a fungicide, is useful against scale 

as lime sulfur (sulfur and lime, calcium oxide, boiled together gives a 

mixture of calcium polysulfides known as lime sulfur and is available as 

a liquid and as a powder) and against mites as sulfur dust. 

Organic insecticides include beth natural and synthetic compounds. 

Pyrethrins derived from daisylike pyrethrum flowers are valuable as 

a contact spray against some insects. Rotenone, obtained from the roots 

of cube and derris, is very effective against a large number of both chew

ing and sucking insects and has the great advantage of being nontoxic 

to warm-blooded animals, including man. Oils are also widely used, es

pecially for dormant spn.ys, but with sufficient refinement may be used 

on foliage as well. Insec':s may be controlled by oils in both the egg and 

adult stages. 
Sy!.'~hetic organic insecticides include such soil and plant fumigants 

as methyl bromide and carbon disulfide and the important DDT, meth

oxycnlor, gamma benzene hexachloride, chlordane, and parathion. Many 

others are now available or under test, and no attempt will be made to 

discuss them. Many of these newer materials are very dangerous to man, 

and special care, including clothing and respirators, are necessary during 

application. 
Fungicides and Bactericides. Materials to control diseases are usu

ally called fungicides or bactericides, depending upon whether the 

causal organism is a fungus or a bacterium. HistOrically, sulfur or copper 

has heen included in most fungicides. Lime sulfur, referred to above 

under insecticides, and elemental sulfur in suspension, as a dust or va

porized, · have been used to control diseases in the field, the greenhouse, 

and in storage. Copper as copper sulfate, combined with calcium oxide 

to form · Bordeaux mixture, has been used to control certain diseases 

where sulfur was not effective or the plant wou,ld not tolerate it (black 

rot of grape and late blight of potato). So-called neutral coppers are 

still widely used. 
As with insecticides, organic fungicides have become increasingly im

portant, including ferbam, phenyl mercuries, captain, glyodin, etc. Here 

again, new compounds are being developed, and recommended ma

terials may be expected to change. 

Antibiotics, such as streptomycin, used for fire blight control, and 

bactericides, used as protective dips for harvested products, may well be

come more generally used. 

Fungicides are of two g:meral . types : those which must be in place 
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prior to infection, called protectants, and those which may be used 
later, called eradicants. Protectants are usually less caustic to the 
plants but must be applied rapidly if a rainstorm threatens. 

Fumigant,~. Some materials may be applied directly as gases or 
vapors or indirectly as solids or liquids which will become gaseous. 
Nicotine sulfate (Black Leaf 40) will, under high-temperature condi
tions, volatilize enough to add some fumigation kill to the usual contact 
effect. Carbon disulfide liquid may be applied to bean seed to control 
weevils, which it does in the gaseous state. Sulfur on greenhouse pipes 
controls mildews when in the gaseous phase. Hydrocyanic acid gas 

FIG. 16-11. Pest control depends upon rapid and complete spray coverage. (UHf 
photo. ) 

may be libemted from sodium cyanide in dilute sulfuric acid or by the 
action of atmospheric moisture upon calcium cyanide. The gas may be 
liberated from heavy cylinders of liquid hydrocyanic acid. It is used for 
fumigation in buildings and uJlJer tents enclosing citrus trees. BecauJe 
of great danger to humans, this gas is less used than formerly. 

Methyl bromide is widely used to fumigate introduced plant materials. 
Chloropicrin (tear gas) is applied to soils as a liquid, and the gas kills 
many insects, bacteria, and weed seeds. Aerosol bombs, containing some 
of the new organic phosphides in gaseous form, are widely used in 
greenhouses. Fumigants have the value of getting into areas not easily 
penetrated with sprays, but to be effective must be confined and are 
usually more dangerous to handle. 

Application of Pesticides. In order to secure effective control of in· 
sect and disease pests, the appropriate 1l1l1terials must be applied, at 
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the proper time, to the sudaces to be protected. Time of application is 
usually more critical with fungicides where infection may be a matter of 
hours only. 

Sprays applied at high pressure have the advantage of finer particle 
size and more even distribution, plus considerable force which carries 
the spray some distance, even against the wind. The use of air-hlast 
machines into which spray at lower pressure is introdllecd is illcreas
ingly eommon. Dry pesticides may be distributed in an air blast, either 
from the grclmd or from planes. Both aerial spraying alld dustillg are 
very rapid and effective for most pests. 

QUESTIONS 

1. Why is ~iagno~ is of the cause of poor growth or condition of a crop so im
portant? 

2. What environmental factors may be the reason for difficulties? Give ex
amples. 

3. \\-11at is meant by a physiological disorder? Give an example. 
4. What three general plant-disease classifications may be made? Give an 

example of each. 
5. How may fire blight be spread from plant to plant? 
6. Discuss the life history of apple scab as it is related to control 1ll l" :S\ll'i:~S . 
7. What is a virus disease? What part may insects play in the ~ple<lt! of 

viruses? 
8. List several crops that show marked susceptibility to virus dis(.'ust!s. De

scribe symptoms of at least one virus. 
9. Why is a complete life history of an insect important to control? 

10. What is the life history of the Japanese beetle and when is this insect most 
vulnerable to attack? 

11. DistingUish between chewing and sucking insects and give c:ommon ex
amples of each type. 

12. List several methods of insect and disease control without rt'~ort to ehem
ieals. 

13. What is mt'ant by insect (.'ontrol by natural enemies!' Give all example. 
14. Distinguish ht!twCc't'lI the terms fungicide, inst'cticide, pesticidl' , allt! hilc

tericide. 
15. What are tht' Cc's5entials of proper pesticide application? 
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CHAPTER 17 

Storage and Marketing 

The storage of horticultural crops is a major business in our present
day economy and enlists the efforts of some of our best-traint',u horti
culturists, engiueers, and food technologists. Storage is not new-the 
ancients preserved foods by drying and smoking-but we do know 
rr:ore about what happens to the product and have been able to improve 
on many methods. The production of most horticultural crops is limited 
by certain climatic determinants. The McIntosh apple normally rip('ns 
fruit in September and requires the cold of winter to break the rest of 
the buds and nearly five months for the crop to develop. Only through 
storage can the period of availability to the public be extended beyond 
a few weeks. Elberta peaches are produced from Georgia to Maine alllt 

because of differences in the beginning of the growing season, are avail
ahle to the consumer over a longer period of time fresh from the tn'c. 
However. to extend the season a few weeks more or to hold the crop a 
few days in order to avoid a market glut, refrigeration is desirahle. 
Sweet corn ('ooled immediately after harvest keeps its (lllality for sev
eral days and can be shipped to Northern markets from Florida. 

Storage of some kind makes possible a wider selection of foods at 
any time of year, helps maintain quality and food values, and allows 
orderly marketing with a resultant economic gain to the prodlleer. 

SOME FACTORS INFLUENCING STOllAGE 

In general, horticultural food crops contain large amounts of water 
when compared with the cereals which make Hp the rest of the diet 
from plant sources. Fruits have a moisture content of around 85 per 
cent, and some vegetable crops are over 95 per cent w,lter. The physiO
logical activity varies from the relatively slow rate of living of a \\'ell
matured starchy Irish potato to the rapidly ehangillg sugar-rich rasp
berry. It should be kept in mind that all these products are living tissues 
and that the act of harvesting upsets the balance of living processes 
existing during growth. 

445 
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Before harvest, the edible plant part is involved in certain physio
logical activities. Photosynthesis goes on in the green leaves and thus 
provides a supply of manufactured food for the building of new tissue 
and a source of energy for maintenance. Roots take in water and nu
trients to build new tissue and compensate for the moisture lost 
through transpiration. The actively growing plant is very resistant to 
certain saprophytic fungi and bacteria, causing so-called storage diseases. 
When a plant part is harvested, the building-up processes (photosyn
thesis and water intake) stop, but respiration (the breaking-down energy
releasing function) and transpiration (loss of moisture') continue. The 
development of certain diseases can progress unhindered, and certain 
chemical changes, as, for example, the changing of the sugar in sweet 
corn to starch, progress rapidly. Storage procedures aim at either slowing 
down, regulating, or preventing these changes from taking place. There 
are many factors involved. 

Respiration. Respiration is largely controlled by temperature, and a 
lowering of temperature will prolong storage life up to the point where 
other factors influencing the respiration rate become more important. 
With apples, it has been shown that an increase of two degrees, from 30 
to 32°F, will increase respiration 25 per cent. An increase to 40°F will 
double the rate. Leaving an apple in a warm packing house one extra day 
may reduce storage life by one to two weeks. 

At a given temperature, the rate of respiration depends upon water 
supply, available sugar, and possibly other factors. Thus Irish potatoes 
held at 40°F are largely starch and have a very low respiration rate. 
The same potatoes reduced to 32°F will have a higher rate, in spite of 
the lower temperature, because much of the starch will have changed 
to sugar. The l'espiration rate of dry seeds is very slow, but when water 
is supplied so that germination proceeds, the rate is greatly increased. 
The available su.,pply of oxygen may be a factor. Thus, in controlled 
atmosphere storage of apples where the O2_ supply is reduced to 2 per 
cent (and CO2 raised to 5 per cent), the rate of living is reduced. As in 
any chemical reaction, the accumulation of the end product of a re
action may slow up the action. An increase of CO2 (the principal 
product of respiration) may bl' used to keep berries longer and, in 
some cases, inhibit the development of certain decay organisms. 

Heducing; respiration by low temperature need not, in all cases, be 
desirable. Thus wiuter squash held at 32°F would keep longer, except 
that certain ,torage diseases attacking this crop run counter to the usual 
trend (m()~t diseases develop less rapidly at low temperatures too) and 
are more destructive at 32 than at 50°F. Tomatoes held at low 
temperatures (near the freezing point) develop internal breakdown 
difficulties, as do several other crops (brown core of McIntosh apples 
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and watery breakdown of citrus). In other cases, too-low temperature 
may prevent the proper development of quality or result in its loss. For 
example, pears will not develop good eating quality in cold storage but 
must be ripened at 60 to 70°F. If left at 32°F too Ion!?;, they will never 
ripen properly. Peaches and plums seldom develop the best quality under 
cold-storage conditions and, if held for an extended period, will lose 
the flavor and aroma they had when stored. In spite of all these excep
tions, lowering the temperature, which tends to slow up re~piration 
and the development of most disease organisms, is a major factor in 
storage. 

Respiration Rote of Various Products as Influenced by Temperature 
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FIG. 17-1. Temperature is the major environmental factor influencing respiration, but 
affects crops differently. (Data from USDA Circular 278, 1949.) 

Water Loss. Water loss is the second most important factor to consider 
in storage. As with respiration, it proceeds both before and after harvest, 
but once the fruit or vegetable is harvested, water losses cannot be re
placed through the root system. It is true that a limited amount of water 
may be added to harvested products. For example, lettuce and other leafy 
vegetables which have wilted may be brought back to full crispness by 
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spraying or soaking in ice water. However, this is only temporary, and 
continued control of water loss is important. 

The most important factor involved in controlling moisture loss is the 
humidity of the air. When the percentage of moisture in the air is low, 
there is a rapid movement of water vapor away from the product. 
High temperature and air movement are important also. Thus products 
left in the snn will wilt much more rapidly than those placed in the 
shade. Produce exposed to a fan or draft loses its freshness more quickly 
than that protected in some way. Air movement accelerates water Joss 
hy maintaining a greater difference in humidity inside and outside of the 
product. 

Assuming 100 per cent relative humidity in the intercellular spaces 
and 70 per cent relative humidity in the air, layers of air with humidi
ties ranging from 100 to 70 per cent will be built up on thc surface of 
the fruit. The speed with which water loss takes piace depends upon 
the diHerence involved and therefore is slow from layer to layer since 
each differs from the other slightly. With air movement, the nearly 
saturah·d air next to the product i~ swept away and replaced by air 
which has a large difference in relative humidity. The result is a much 
more rapid drying. Tight containers, wraps, and waxes may be mecl 
to reduce the ease with which this eqnalization of wate] vapor inside 
and outside takes place and can be ) ecommended unless they result 
in too slow cooling, exclude O~ and thus cause off flavors, or hold in 
injurious gases. In practice, greatest attention is directed toward main
taining a high relative humidity. 

Storage Atmosphere. The atmosphere surrounding stored products is 
importar.t. In addition to the O~ and CO~ relations referred to already, 
other gases may either benefit or d~mage the crop. Apples ahsorh odors 
readily, and therefore products such as potatoes, onions, and cabhage, 
which have definite odors, should not he stored with them. Ohviously, the 
musty odor of disease and the penetrating odor of fish would be unde
sirable also. 

Certain gases, notably ethylene, may have a stimulating effect on 
respiration, and thus ripening. Ethylene gas may be used to ripen 
bananas, citrus, and tomatoes. The presence of overripe apples, which 
evolve ethylene rapidly, in a storage room has been proved to hasten 
the ripening of other apples. A few apples in a storage may cause rapid 
petal fall of some flowers. The atmosphere in a storage may be improved 
by ~requent ventilation. Ripening gases and odors may he ahsorhed on 
activated carbon through which the storage air is forced by fans. 

Condition of Product. Another factor to consider in storage is the con
dition of the product itself. Maturity, mechanical injury, disea~e or insect 
infection are all important. Some crops will continue ripening after har-
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vest only if a certain stage of maturity has been reached. A Beurre Hose 
pear harvested when it has a pressure test of 25 pounds cannot he ex
pected ever to ripen properly, no matter how it is stored. On the other 
hand, provided they have begun to show a j(;l1iJ'vv-green color, tomatoes 
may be carried on to bII red color in storage. Bananas harvested gr.~n 
will develop golden-yellow color under proper storage conditions. ApIles 
may be exposed to indirect light after harvest for a few days, and rhe 
amount of red color increased. While certain ripening processes may go 
on after harvest, in most cases quality deterioration . sets in. Exact knowl
edge of the best stage of harvest for the storage of various products shodd 
be secured. 

Rough handling is poor preparation for storage. The bruised or (' ut 
surface allows the entrance of disease organisms. The damaged tisslle 
respires more rapidly, "evolving ripening gases which may further ac
celerate respiration and thus reduce storage life. Where injury has 00 n 
caused, special treatments may be desirable. Raising the temperatu,'e 
and reducing the humidity for a few days may result in the fonnation 
of '1 corky layer resistant to further water loss or infection. Thr s 
thorough ventilation of a potato storage for the first fpw weeks is recorr.
mended. Best storage of squash has resulted from preliminary storag~ 
in c hot, dry greenhouse. Such treatments result in other losses (weight 
loss through respiration and transpiration), which must be assumed as 
the lesser of evils. 

In the storage of root crops such as carrots, beets, and turnips, wash· 
ing the product before storage is not recommended hecause some me
chanical injury cannot be avoided and increased water loss and rot would 
result in excessive loss. Celery and cabbage are not heavily trimmed 
prior to storage. 

''''hen disease or insect injury has taken place, storage may not be de
sirable. The rate of water loss through active scab spots on apples is so 
rapid that fruit will shrivel in a short time. Brown rot of peaches and 
mold on strawberries will continue to develop at low temperatures, al
though the rate is reduced. Blue mold or soft rot of apples can almost al
ways he associated with either mechanical or pest injury. Careful har
vesting, handli'lg, and grading of the product may be fully as important 
to successful storage as ideal temperature and humidity control. The 
use of chemical clips or sprays may be important future developments in 
prolonging storage life, but cannot take the place of proper handling. 

EARLY FOOD PRESERVATION 

The organisms causing decay frequently will not develop in the absence 
of free water, and so the drying of herries and fruits, as well as of other 
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food products, is an old and effective method of preservation. Not only 
is the water content reduced, but in some cases sugar concentration is 
increased to such a point that some bacteria cannot grow in it. The addi
tion of salt will also increase the osmotic concentration of the cell sap to 
the pOint where ordinary decay cannot proceed. While the sun was relied 
upon in most cases, heat from a fire not only speeded the drying, but the 
smoke might add a desirable and distinctive flavor. While this latter 
preservation method was used especially for meats, it led naturally to 
heat dehydration. Modern dehydration by controlling conditions pro
duces a product of very superior quality. It has the advantage of mini
mum bulk and long keeping at a low cost with a minimum of effort. 

For. short storage, caves which were cool and moist have been used 
for centuries. The temperature of the earth is relatively steady, v~rying 
from season to season between 45 and 55°F in southern New England. 
The evaporation of moisture can result in further cooling. The well 
house, often built in the hillside, was the only refrigeration som,e of our 
forefathers knew. It is available for the taking, and these naturally cool 
places are utilized by the government for some of its vast sto:t:es of sur
plus products. 

Since the earth is an insulator from both heat and cold, pits, cellars, 
and earth-covered structures are used for storage. A barrel sunk in the 
ground will keep carrots, beets, turnips, potatoes, apples, cabbage, and 
celery through the winter in Northern areas. The location should be in 
well-drained soil, and provision should be made to divert surface water. 

F",. 17- 2. Pota toes may be kept quite successfully in cellar storages. (URI photo,) 
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A covering of straw and a waterproof cover protecting the entrance make 

for accessibiiiiy. Enlarging the barrel to a commercial structure is simple. 

A warm fall or extremely cold winter may limit the effectiveness or 

accessibility of such a storage. 
Before the advent of the central heating system, many farmers used 

the cellars of their homes as storage places for potatoes, apples, and root 

crops. As these became too small to accommodate the volume of products 

to be stored, special buildings were constructed with or without packing 

and storage facilities overhead. Buildings constructed partly under

ground were protected somewhat by the earth. In some' cases, sawdust, 

shavings, pine needles, etc., were utilized between double walls to pro

tect the crops from freezing weather. Ventilation ducts were placed in 

the roof to take off excessive moisture and warm air. Modifications were 

soon made providing air inlets as well, and so-called air-cooled storages 

were the result. Success with such storages depends upon cool nights in 

the fall, adequate insulation, and volume of air movement. 

Air-cooled storages take advantage of the well-known physical fact 

that cold air settles and warm air rises. Thus cool night air conducted 

into the building through windows or ducts, filters down through the 

stored products, picking up heat as it goes. As this air warms, it is dis

placed at the bottom by cooler air and rises to the top. Pas;;ing out of the 

ventilation ducts in the roof, this warm air is replaced by cooler air from 

the outside. This process continues as long as the outside air is cooler 

than the stored product. The greater the difference in temperature, the 

greater the speed of air movement, and thus rate of cooling. Fans may 

be introduced iuto the system to speed up air movement. The Magness 

system calls for the intake air ducts to lead to the top of the stored 

products instead of to the bottom. Experimentation showed that, in this 

cool air 49~:=:::::-...... 

~~~~fr:u:it~in evenly 

I--t---+---+spaced crates 

FIG. :17-3. Air-cooled storage is practical for short-term storage in Northern areas. 
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way, the entire product load reached about the same temperature, the 
cool products on top continuing to cool warmer products under them 
by convection currents, even when fans were not running and air ducts 
were closed. Air-cooled storages are most satisfactory in the North, but 
cannot be depended upon for early fall crops or in all seasons. The addi
tion of ice bunkers with fans will help, but cannot be considered a per
manent solution. 

MECHANICAL REFRIGERATION 

Mechanical refrigeration is becoming more and more the answer to 
all cold-storage problems. 

Cooling Systems. The common refrigeration system involves using a 
liquid which boils at a low temperature (ammonia, methyl chloride, or, 
more commonly, a freon). The liqUid at high pressure is introduced 
through a small opening (expansion valve) into coils where, at greatly 
reduced pressure, it boils or vaporizes in the evaporator and absorbs heat. 
This gas, with the heat it has picked up, is compressed (the compressor), 
and the concentrated heat removed by water or air in the condenser. The 
process is repeated, using the same refrigerant indefinitely. 

The cooling may be by direct expansion, where the refrigerant expands 
in coils in the room to be cooled; by the indirect system, where the direct 
('xpallSion occurs in a tank of brine (usually calcium chloride) and the 
brine is r:irculated through pipes in the room to be cooled; or by a modi
fication, where air is blown over coils cooled by direct expansion or 
brine. The air may be cooled in the storage room in so-called diffusers 
similar to the heating units often used in factories or in a separate 50-
called hunker room from which the air is carried in ducts. 

Direct-expansion ammonia generally used until a few years ago is ef
fiC'ient refrigeration, depending upon convection currents to eHect cool
ing. A leak may cause serious losses of most fruit and vegetable prod
ucts, and the system is not practical for a small storage. The brin(' 
system allows the circulation of large amounts of li(lUid only slightly 
cooler than the refrigerated room and, with adequate coilage, may he 
cOllnted upon to proVide ideal storage conditions. A leak is usually not 
as serious, because it is a liquid rather than " gas which escapes, and 
damage can be limited. The initial expense for pipes, hrine tank, and 
pump discourages the use of this system in spite of its excellent perform
ance. 

Diffusers in the room employing Freon 12 as the refrigerant are most 
generally used. VolumE' of air movement is important in cooling, and 
frequent (lefrosting is essential to efficient operation. 'Veil-engineered 
installations will employ sufficient units and make provision for defrost-
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FIe. 17-4. Basie elements in lIleehanieal refrigeration are diagramed. (After \V. V . 
Hukillllud E. Smith, USDA Circular 740, HJ46.) 

ing. Unfortunately, most Lmn storages do not have enough units in
stalled to do the best job. The air-movement system of cooling removes 
initial heat more rapidly but has a number of weaknesses. The power 
cost is considerably greater because of the fans which run constantly. 
This moving air increases the rate of water loss by, roughly, one-quarter 
in boxes, and more if products are exposed. Unless stacking is carefully 
done, air may travel in a few low-resistant areas only and leave so-called 
hot pockets (areas not well cooled) . Because initial cost is lower, this 
type of refrigeration has a real place and, with proper management, may 
produce excellent results. 

Storage Rooms. The refrigeration system is the heart of a cold-storage 
plallt, but both success and efficiency may depend upo:-: ~he construction 
of the refrjg(·rated room. It should be rodentproof, moistureproof, free 
of construction materials with an odor (such as tar, cedar boa~ds, etc.), 
and well insulated. Insulation depends, largely, upon minute air spaces 
and mav be solid (cork board, rock cork, etc.) or loose (redwood bark, 
shavillg~, glass wool, etc.). Its effectiveness depends upon its being dry, 
and for this reason, it vapor seal should be placed on the warm side 
(usually the outside) of the insulation. If this is not done, in time the 
insulation will become wet. 
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FIG. 17-5. Considerable loss of moisture in storage may be prevented by thoroughly 
soaking floors and wooden orchard crates. Such crates may take up as much as 2 
pounds of water. (URI photo. ) 

As is generally known, warm air holds more moisture per unit of 
volume than cool air. If warm, moist air is cooled, there is a deposition 
of moisture as rain, dew, or droplets of water as on the outside of a 
glass of cold lemonade in summertime. This same thing happens in the 
insulation. Warm, moist air filters through from the warm side until the 
air is cooled below the so-called dew point. Free water is deposited in 
the wall. Over a period of time, this may result in wet, inefficient in
sulation, higher refrigeration bills, and poorer storage of the products, 
plus a rotting of timbers and, possibly, a collapse of the building. It has 
been reliably stated that some freezer walls are held to'gether with ice 
and would collapse if a power failure ever allowed defrosting. The im
portance of a good vapor seal cam}, c be overemphasized. 

Insulation is rated on the basis of its conductivity, and a table evaluat
ing several common materials is given. The insulating value of 1 inch of 
vegetable cork is usually considered as the standard, and on that basis, 
coolers-rooms to be held at or slightly above freezing-should have a 
minimum of 4 inches on the ceiling and side walls and 2 to 3 inches in 
the Hoor. The more insulation used, the cheaper the refrigeration opera
tion will be and the better storage conditions can be controlled. How
ever, the economics of high investment in insulation must be considered. 
For freezers (ordinarily held at O°F or lower), 2 to 4 inches extra should 
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be added, with special attention to the vapor seal, drainage, and in
sulation of ground floors. 

Table 17-1. Heat Insulation Values of Various Dry Materials 

Material 

Planer shavings 
Corkboard 
Redwood-bark fiber 
Fiber insulation board 
Cinders 
Cinder concrete 
Fir (across grain) 

Density lb per 
cu in. 

8.7 
8.3 
5.0 

13.2 
60.0 
97.0 
26.0 

SOURCE: Adapted from USDA Circular 740,1946. 

Heat conductivityl 
Btu per hr 

0.40 
0.27 
0.26 
0.31 
1.20 
4.90 
0.76 

Where a freezer room is being constructed on ground level, some com
mercial operators provide steam pipes or air ducts under the floor to 
protect against soil freezing. Since cold air settles, freezing may cOlltinue 
for several feet into the soil. Cases have been reported of the walls of 
large buildings being raised and wrecked because of alternate freezing 
and thawing of soil under the foundation. Good insulation and ade
quate subdrainage are important. The use of reflective insulation on the 
roof and south side of a storage building will eliminate most of the 
radiant heat. The construction of a packing house on the south wall of a 
storage will help also. 

Precooling. Increasingly, precooling in special rooms or with ice is 
being used. The greatest refrigeration load is the removal of the initial 
heat. Not only is this the greatest load, but removing this initial heat is 
most important to the keeping of the product. Therefore speed is im
portant. 

Heat is measured in British thermal units (Btu's) and is the heat 
energy involved in changing the temperature of one pound of water 
one degree. Since most horticultural products are largely water, the 
same figure may be used, or if more accurate calculations are desired, a 
correction factor of 0.9 may be applied. Thus lowering the temperature of 
a ton of produce from a field tempnature of 80°F. to 40°F. would in
volve 72,000 Btu's. In changing from water to ice or from ice to water, 
144 Btu's per pound, or 288,000 per ton, is involved. Therefore the 
cooling of the ton of fresh produce would take 500 pounds of ice. Since 
the cooling and melting would not be instantaneous, some cooling effect 
would be lost to the air of the room and through the insulation. Extra 

1 For each degree (F.) of difference through 1 81";. ft. of material, r in. thick. 
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heat would be generated in the respiration proc('s~f'S continuing in the 
produce. In practice, therefore, the amount of ice needed would be 
somewhat greater. 

Cooling loads are rated as tons of refrigeration, which is an expression 
of the heat ene.gy involved in making a ton of ice in 24 hours. Thus, as
suming perfect efficiency of operation, a 5-ton refrigeration unit should 
make 5 tons of ice every 24 hours or do as much cooling as would be 
done by the melting of 5 tons of ice in the same period. 

If the capacity of a storage plaut is too small to handle a particularly 
heavy shipment, ice may be added to help. Since about one-third of the 
refrigeration equipment will be sufficient to hold temperatures once the 
load is cooled, a special heavily refrigerated small room may be used 
to take out the initial heat, and then this precooling room may be used as 
a freezer at other seasons of the year. The increase in the use of pallets 
(small platforms holding a dozen or more packages transported by 
small power-lift trucks) makes this system more prauicai by simplify
ing handling. Some products can be precooled during packing by using 
ice-water sprays, crushed ice, etc. A system adaptable to leafy vegeta
bles is vacuum cooling. Taking· advantage of the cooling effect of evap
orating moisture, wet lettuce, spinach, and celery are placed in a vault 
and a vacuum is drawn. Almost instantaneous coolir.g takes place ill all 
parts of the package. This is useful for consumer-packaged pmdth. t~ 
also. 

Storage Pest Control. In the storage of food products, tht' control of 
insects and rodents is a constant problem. Tremendous lossls are incurred 
yearly, both in products actually consumed and those contaminated and 
ordered destroyed as a health measure. 

The first step in control is the constructing of rodentp:oof storages. 
This may involve the nse of % -inch scr~ning or sheet-metal strips. The 
second step is the use of loading systems which reduce the opportunity 
of rodents getting into storage rooms. Leaving containers in the orchard 
ovemight, while excellent from the standard of precooling. is frequently 
the wa~ in which mice get into boxes 'and are carried into storage. The 
third step is the elimination of the rodents once they are in storage. 

nats .. nu mice may be trapped. pOisoned, or gassed. Trapping has an 
ad\,untag(' in that the dead animals "re removed from storage. POisoning 
may be efff'Ctive. but the animals usually die in some inaccessible spot 
and the aUnr muv be offt'nsive. With neither method do vou know that 
you h.we compl;te ('ontrol. By using methyl bromide (1'1 pound per 
1.()()O cuhic f{,{·t) or dry ice (25 to 30 pounds per 1,000 cuhic feet). you 
C,Ul lw assured of a complete kill but the animals are left ill the storage. 
The methyl bromide is cheaper but will damage products if the concentra
tion he{'onws to!' great. Ordinarily, it should be used hy a proh's!Jiollul. 
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Dry ice is more expensive but relatively safe to use. Fumigation and low 
temperature are effective in controlling most insects found in storage. 

SPECIAL STORAGE CONSIDERATIONS 

Seed Storage. Temperature and humidity are important in determining 
the length of time seeds remain viable. Experiments indicated that a 
temperature of 50°F and a relative humidity of 50 per cent give best re
sults with most seeds. The control of rodents and insects is important also. 
Wire-screened rooms or metal boxes may be used to exclude rats and 
mice, and fumigation with carbon bisulfide is effective for most insects. 
Some insects attack the seeds after storage (grain moth), while others 
are brought to the storage from the field (bean and pea weevil). 

Storage of Nursery Stock and Bulbs. Nursery stock is often dug in the 
fall and stored under cover so as to avoid winter injury and allow for 
shipments in early spring before the ground is workable outdoors. They 
may be balled and wrapped in burlap (most evergreens) or they may be 
bare-rooted (most fruit trees). In general, a low temperature to slow up 
respiration and a high humidity to reduce water loss are essential. Roots 
freeze at temperatures slightly below freezing, and moIds develop if the 
humidity is too high. Increasingly, wax emulsions are used on nursery 
stock to reduce water loss and thus increase chances of survival. 

Storage of bulbs varies conSiderably. In general, relatively low tem
peratures and humidities are best. Gladiolus may be stored at 40 to 50°F 
and 70 to 75 per cent relative humidity. Canna, dahlia, and peony store 
at 40 to 45°F and 70 to 8G per cent relative humidity. Daffodil, hya
cinth, freesia, crocus, etc., may be held for from four to six months at 
55 to 60°F. Tulips may be held at 5Q to 55°F, while lilies may be held at 
32 to 35°F and 75 to 80 per cent humidity. In the storage of bulbs, rodent 
and insect control are important. Ordinarily, bulbs should be stored in 
shallow boxes or net bags to allow for good air circulation to prevent 
heating or sweating. They should be kept in the dark to reduce danger 
of sprouting. 

Storage of Flowers. Flowers are a perishable product and should be 
handled as such. How~ver, since most of the florist trade is on week ends 
and at special holidays, storage from one week to another or for a longer 
period to accumulate blooms for a special day is desirable. The usual 
storage practice has been placing the blooms in water and holding at 
45 to 50°F. All too often, this has resulted in blooms which rapidly lost 
quality either in storage or immediately after. An improved method (dry 
pack) successful with many blooms has been developed. 

With all storage methods, good variety selection, proper maturity, and 
prompt and careful handling are just as important with flowers as with 
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fruits and vegetables. In general, only freshly cut healthy flowers should 
be stored. For most successful storage, they should be "hardened" for 
several hours in water at 45 to 50°F. 

Temperature is the most important factor controlling length of life. 
The optimum seems to be 31°F, which is just above the freezing point 
for most flowers. A temperature two degrees higher (93°F) will result in 
a noticeable difference, and so close temperature control is necessary. As 
with fruits and vegetables, a ripening gas such as ethylene will hasten 
maturity, resulting in rapid opening of flowers and petal fall. Once the 
flowers are turgid, best results have come from storage dry, in practically 
airtight containers. The flowers may be stored flat in cellophane-lined 
boxes or placed on end in upright containers which have a tight cover. 
Upon removal from storage, the flowers should be hardened for several 
hours in a cool room (50"F), using warm water (80 to lOO°F). This 
method has been successful on carnation, chrysanthemum, rose, lily of 
the valley, gardenia, tulip, and iris. A temperature of 33°F may be 
slightly superior for peony, and low temperature is not recommended 
at this time for orchid or gladiolus. 

SYSTEMS OF PRESERVATION 

Miscellaneous. Other systems of preservation include the use of salt, 
vinegar, sugar, sulfur dioxide, carbon dioxide, ozone, hormones, etc. Of 
these, the use of a salt brine and vinegar for various pickles made from 
cucumbers is commonly known. The salting and fermentation of cabbage 
to make sauerkraut is a big industry. Berries to be used for ice cream are 
often placed in barrels with sugar. Sulfur is used to help hold molds in 
check on grapes and some dried fruits. Carbon dioxide has been used to 
reduce the respiration of some small fruits and slow up mold development 
during shipment. Hormones are used to inhibit sprouting of potatoes. 
There are some indications that X ray or other radiation treatments may 
become useful in the inactivation of enzymes and possibly the destroying 
of certain bacteria. The development of new methods can be expected. 

CANNING 

In total volume, more horticultural products are preserved by canning 
and pasteurizing than by refrigeration. Great advancement has been 
made in techniques of processing, in improving varieties, and in harvest
ing and handling procedures, so that the product is far superior to that 
of a few years ago. Ca':lning involves the killing of bacteria and the in
activation of enzymes by heat, and storage in sealed metal or glass 
containers. Since the tissue is killed in the process, respiration ceases and 
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no appreciable change takes place from then on. Recent experiments 
have shown that quality deterioration may be slowed by storage in cool 
rooms. 

The quality of the canned product will depend upon the maturity of 
fruit or vegetable and the promptness with which it is handled. Canners 
of sweet corn in Maine have fieldmen who watch developments very 
closely and program the harvesting and handling of the crop for maxi
mum quality. Certain defects, such as scab spots on apples or slight sun
scald on tomatoes, which would be serious if the crop were placed on 
the fresh market, need not interfere with the quality of a canned product. 
However, the idea held by all too many growers that a canning plant 
is the answer to the problems of surpluses and culls, could not be much 
farther from the truth. The canning industry is highly competitive and 
must have adequate supplies each year for efficient operation and uni
form high-quality products to go through the complicated processing 
equipment. The waste and extra labor involved in peeling a small apple 
may make it too expensive to handle at any price. . 

Canning is the cheapest method of preservation for most products and 
is likely to increase in volume and importance for some years to come. 
Pasteurization involves the use of less heat than in canning and is used 
for various juices. Products are held at a temperature of 150 to 165°F for 
a short period, which is sufficient to kill most of the spoilage organisms. 
Because of the lower temperature and shorter processing period, the 
natural flavor may be retained. Grape and apple juice are two products 
handled in this way. The natural sugars and acids help preserve pas
teurized products. Carbonation is sometimes used. The use of clean prod
ucts and thoroughly cleaned and sterilized containers and equipment 
is a necessary part of this method of preservation. 

FREEZING 

The preservation of fruits and vegetables by freezing has increased 
rapidly. The products are more nearly like the fresh product than are 
those canned. The fact that much of the labor of preparation has been 
done at the packing plant makes frozen foods especially attractive to 
many, even when the fresh product is available. 

Freezing preservation involves several essentials. First, and in many 
ways most important, are the selection of proper varieties and harvesting 
at the proper time. Vegetables are blanched (put in boiling water or 
under steam) for a short time to inactivate the enzymes, cooled in run
ning water promptly to remove the heat, and then packaged and frozen 
rapidly at a temperature of O°F or lower. A mOistureproof container 
properly sealed should be used. A constant holding temperature is 
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important, since a fluctuating temperature results in moisture being 
withdrawn from the product and deposited as ice within the container. 
Frozen products do deteriorate in time and should be used within a 
year fos: best results. 

MARKETING 

Horticulturists are coming to recognize the importance of considering 
marketing problems from the beginning and follOwing the crop through 
to the satisfaction of the ultimate consumer. This is sound thinking. It 
has been said that economic success depends upon three johs: ( 1) 
determining what the potential customer wants, (2) growing it, and (3) 
seeing that it reaches the customers as they like it. 
~e selection of proper varieties is very important in marketing. In 

the New England area, no apple grower should be without McIntosh, 
because the public knows and likes the variety. The same variety, shipped 
in volume to Philadelphia or Baltimore, might be a drug on the market. 
Most people prefer yellow freestone peaches, and growing any large 
volume of a white clingstone variety for the general market would he 
foolhardy. Most people are accustomed to a red-fleshed, dark-seeded 
watermelon; orange, tapering carrots; solid-red beets; bright-red straw
berrit!s; and red tomatoes. Trying to educate the public to anything 
different can he slow and costly. 

Marketing may be direct to the consumer through a roadside stand, or 
house-to-house delivery, or by carload shipments sent across the country 
and sold by a commission merchant, or through an auction. The ex
pected method of sale will influence variety selection, number and vol
ume of crops grown, time of harvest, and packaging practices. Many 
varieties of superior quality will not stand up under shipping conditions. 
A roadside stand usually carries many items and provides an outlet for 
small quantities and slightly offgrade products. A shipper to distant 
markets must concentrate on fewer products, produce large volume, 
and pack only the best in packages acceptable to the market concerned. 
An individual grower might be successful in both ventures, but should 
plan for one or the other from the beginning. There are many possible 
outlets in addition to these, including truckers, chain-store buyers, 
farmers' markets, ete. In some regions, the processing plant is the principal 
market. 

One of the big changes in recent years has been the increase in so
called prepackaging. Prepackaged spinach has almost completely pushed 
the bulk crop off the retail-store counter and has resulted in changes in 
variety and cultural practices. Prepackaging of all products is not suc-
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cessful from the biological standpoint (peaches may go down with 
brown rot almost before your eyes), and some studies have shown 
greater sales where both bulk and prepackaged items were offered. Some 
of the advantages from the consumers' standpoint are cleanliness, 
crispness, readiness for cooking, and ease of shopping and carrying. The 
retailer saves on labor, handling losses, etc. Good uniform grading of the 
product is essential for continued success. Prepackaging may be done 
by the grower or by the seller. There are advantages both ways, but with 
the problem of quality control of primary importance, prepackaging near 
the market or in the retail store is likely to be the most general practice. 

More and more growers are selling direct to the consumer. Suggestions 
for success include location on a well-traveled road; attractive, easy-to
read signs; adequate parking space; clean, neat displays; a fair price; 
and neat, clean, cheerful sales people. AdvertiSing will help bring the 
customers. Maintaining high quality by frequent harvesting, refrigera
tion, shade, and keeping moist the products that tend to wilt will bring 
customers back. It has been said that a sale is never complete until a 
repeat sale is made. There is much to be said for this thought. 

Table 17-2. Storage Recommendations for Common Fruits 

Average Storage Relative 
Commodity freezing point, OF temperature, OF humidity, " 

Apples 28.4 30-32 85-90 
Apricots 28.1 31-32 85-90 
Avocado 27.2 45 85-90 
Bananas, ripe 30.0 56-60 85-95 
Blackberries 28.9 31-32 85-90 
Cherries, sour 28.0 

sweet 24.2-24.7 31-32 85-90 
Cranberries 27.2 36-40 85-90 
Grapefruit 28.4 40 85-90 
Grapes, European 24.9 30-31 85-90 

American 27.5 31-32 85-90 
Lemons 28.1 55-58 85-90 
Limes 29.3 48-50 85-90 
Oranges, Florida 28.0 30-32 85-90 

California 28.0 35-37 85-90 
Peaches 29.4 31-32 85-90 
Pears, Bartlett 28.5 30-31 90-95 
Plums, including prunes 28.0 31-32 85-90 
Quinces 28.1 31-32 85-90 
Raspberries 29.9 31-32 85-90 
Strawberries 29.9 31-32 85-90 

SOURCE; Adapted from USDA Agricultural Handbook 66, 1954. 
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Table 17-3. Storage Re<.:ommendations for Common Vegetables 

Average Storage Relative 
Commodity freezing point, of temperature, of humidity, " 

Asparagus 29.8 32 85-90 
Beans, green or snap 29.7 45-50 85-90 

Lima 30.1 32-40 85-90 
Beets 26.9 32 90-95 
Broccoli 29.2 32 90-95 
Cabbage 31.2 32 90-95 
Carrots 29.6 32 90-95 
Cauliflower 30.1 32 85-90 
Celery 29.7 31-32 90-95 
Corn, sweet 28.9 31-32 85-90 
Cucumbers 30.5 45-50 85-95 
Eggplant 30.4 45-50 85-90 
Lettuce 31.2 32 90-95 
Melons: 

Watermelon 28.8 36-40 85-90 
Muskmelon 28.4 40-50 85-90 

\{ushrooms, cultivated 30.2 32 85-90 
::>nions 30.1 32 70-75 
Parsnips 30.0 32 90-95 
Peas, green 30.0 32 85-90 
Pepper, sweet 30.1 45-50 85-90 
Potatoes, late 28.9 38-50 85-90 
Rhubarb 28.4 32 90-95 
Rutabagas 29.5 32 90-95 
'pinach 30.3 32 90-95 
,quash, winter 29.3 50-55 70-75 

summer 29.0 32-40 85-95 
,weet potatoes 28.5 50-60 85-90 
Tomatoes, ripe 30.4 50 85-90 

mature-green 3004 55-70 85-90 
Turnips 30.5 32 90-95 

SOURCE: Adapteafrom USDA Agricultural Handbook 66, 1954. 

QUESTIONS 

1. Why is storage important to the horticultural industry? 
2. What phYSiological differences exist in a plant part before and after har

vest? How do these influence storage? 
3. What eHect does temperature have on respiration and starch-sugar rela-

tions? 
4. What factors tend to increase water loss? 
5. In what ways does rough handling interfere with good results in storage? 
6. Do all crops keep best at low temperatures? Why? 
7. Explain the principles of the operation of a cold-air storage. 
8. What is the diHerence between a direct-expansion ammonia and a brine 

system of mechanical refrigeration? 
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9. What is a vapor seal and why is it used? 
10. What are the requirements of good insulation? 
11. What is meant by a ton capacity in connection with a refrigeration unit? 
12. How do the requirements as to quality differ between crops used for fresh 

market and processing? 
13. Why is blanching used in the preparation of many vegetable crops for 

freezing? 
14. How may mice be controlled in a storage warehouse? 
15. What temperature and humidity conditions are best for storage of most 

seeds? 
16. What may be done to increase storage life of some cut flowers? 
17. What difference does prospective market have on variety selection? 
18. Should the producer take any responsibility for consumer satisfaction? 

Why? 
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CHAPTER 18 

Horticultural Shows and Judging 

Horticultural shows may serve several useful purposes. The interest stimu
lated by competition may encourage better cultural practices and de
velop creativity on the part of the exhibitor. In preparing for a show, 
one shifts his thinking from the usual economic considerations to those 
of quality. Undoubtedly, shows over the years have done much to raise 
standards of quality. 

Shows have a very great educational value for both the exhibitor and 
the general public. Not only is quality emphasized, but variety as well. 
The general public frequently has very little idea of the diversity of 
horticultural interests, and the extent of the local industry may be por
trayed. New types and varieties may be shown. 

A show provides the originator of a new variety with an opportunity 
to present it to an interested public. Moreover, the consistent winner 
receives valuable publicity upon which he may capitalize in selling his 
products. An exhibition also provides to those in associated industries 
an opportunity to show their products, and the fees paid by these com
mercial exhibitors may help finance a better show. However, successful 
shows will be those which keep the major 'objectives foremost. Over
commercialization is soon resented by the public. 

Judging horticultural crops may be a valuable experience, It is nec
essary that the individual become well acquainted with types and 
varieties. Judging requires very careful and exact evaluation of the 
several quality factors, and the training involved in making objective 
and balanced judgments is worthwhile. 

Shows may be of many types: fruits, vegetables, or flowers alone, or 
all three plus arrangements ranging from the flower miniature to the 
landscaping of a whole garden. An exhibition may be restricted to an in
dividual crop such as roses, carnations, African violtts, chrysanthemums, 
apples, or potatoes, or to a class such as bulbs, potted plants, or ar
rangements. The type of ~how may be determined by season (bulbs in 
the spring and chrysanthemums in the fall) or by special interests of 
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the group (food crops for farmers and flower arrangements for garden
club members). Some shows are arranged for amateurs, others for pro
fessionals; some emphasize commercially important crops, others hobbies. 
Many shows have departments for each. 

PREPARATION FOR THE SHOW 

Preparation for a show should be started early. The exhibitor must 
make some decisions such as type of crop to be grown and the variety, 
before the beginning of the growing season. Moreover, special care may 
be required in growing so as to attain peak quality at the right time. 
With many crops, the first flowers or fruits are the best, and the necessity 
of making exhibition selections late in the production cycle may be 
avoided by making later plantings. Size of individual specimens may be 
increased by removing all secondary buds. Both size and color of fruit 
may be improved by thinning. Special pest-control measures may be 
used on potential exhibition material. 

In order to develop a good show, one should work out the rules and 
regulations well in advance and make them available to prospective p.x
hibitors. Equally important is an entry date sufficiently early to permit 
the committee to make adequate arrangements for space, to secure 
sufficient containers, ribbons, judges, etc. Rules as to number of speci
mens to be exhibited, polishing versus natural bloom on fruits, washing 
versus natural condition of vegetables, and stem length, holders, 
greenery, etc., for flowers, all should be dearly stated. The classes should 
be clearly defined and sufficiently subdivided so that judges are not 
asked to decide, for example, between specimens of summer and winter 
squash. 

The exhibition committee can exert considerable influence by the way 
in which prize money is distributed. OHering equal awards for many 
varieties without regard for quality encourages the growing and show
ing of inferior types. At one time, some New England fruit shows listed 
well over 100 varieties of apples when 10 to 15 were more than enough for 
both wholesale and roadside markets. By offering a special prize for a 
new variety, more general planting, and thus more rapid determination 
of local merit may be achieved. Ordinarily, the number of places and 
monetary reward should be greater where the competition is likely to 
be keenest. Also, a plate of potatoes should not rate as much first-place 
money as a bushel. 

Entry blanks and labels should carry all pertinent information as to 
class, variety, exhibitor's name, etc. The actual setting up of a show is 
almost always hectic. With prior information as to number of entries in 
each class, the superintendent can allot space, prepare exhibition tags, 
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prepare record books, etc., in advance. Usually, an exhibition tag will 
include the exhibitor's name and address in such a position that it may 
be hidden until the judging is done. There should be no identifying 
mark which can be considered likely to influence the judges. 

Rules ordinarily exclude all exhibitors and spectators from the area 
during the time judging is being done, both to prevent distraction and 
to eliminate any suspicion of influence. In a keenly contested class, ex
hibitors find it difficult to be objective, and the general public often does 
not know the fine pOints of condition on which a close decision must 
rest. In some cases, judges may wish to make a note of explanation on an 
entry tag or at least provide the clerk with the information. For example, 
egg-laying punctures of the railroad worm (apple maggot) are very 
small and will not be noted except upon close inspection. Yet, in most 
shows, this blemish is enough to disqualify an entry. 

The arrangement of the show is important. The background should 
ordinarily be neutral in color, so that the natural beauty of the products 
will stand out. Narrow tables are preferable so that all exhibits can be 
readily seen without danger of disturbing those in front. Neatness in 
alignment is very desirable. In large shows, general arrangement be
comes espeCially important and a theme may be developed. All exhibits 
should be readily accessible, and provision made for sufficient space in 
front of those arranged for general effect so that people may get a 
proper perspective. This may require roping off certain areas and provid
ing for one-way traffic. In many shows, greater interest may be de
veloped if provision is made for camera fans, who will then proceed to 
advertise the show to their guests for the next year. 

SOME NOTES ON EXHIBITING 

The consistent winner is usually the one who reads the rules care
fully, attends and studies other shows, and spends considerable time in 
preparation. Normally, the selection of the winning plate of apples is 
painstakingly made from several bushels. The number of specimens on a 
plate is normally five. A plate with either four or six specimens may be 
properly disqualified. However, the exhibitor who selects only five fruits 
to take to a show is assuming an unnecessary risk. One or two extras may 
be included, provided they are removed at the last minute. When an 
exhibit is shipped, the superintendent may be asked to replace a speci
men damaged in transit by one of the extras. However, such a service 
cannot be demanded, nor can the exhibitor complain of the selection 
made. A superintendent may remove an extra specimen before judging 
begins, but need not. Apples are exhibited with the st~ms on. 

Fruits. In judging fruits, a score card covering several factors is com-
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monly used. Ordinarily, deductions are made on a percentage basis; that 
is, one-fifth, or 20 per cent, off would mean five pOints off for color (per
fect = 25) and two points off for form (perfect = 10) . However, no 
point system should allow a plate to win which shows certain glaring 
faults, mixed variety, San Jose scale, or railroad worm injury. While 
scoring systems may sometimes vary, the one given below is worth con
sidering: 

Condition 
Color 
Size 
Uniformity 
Form 

Points 
30 
25 
20 
15 
10 

Condition has reference to stage of maturity, freedom from insect and 
disease injury, russeting, mechanical injury such as cuts or bruises, 
physiological disorders, shriveling, lack of stem, etc. Condition is given 
the highest value of all, and, as noted above, certain serious weaknesses 
may justify disqualification. Usually, the basis for such action should be 
written on the label. Important as condition is, the judge should use 
some discretion. In a year when all fruit in an area was hit by hail, minor 
injury from this cause may be disregarded. Similarly, russeting is more 
general some seasons than others. A variety slightly out of season 
should not be graded as hard for either immaturity or overmaturity, 
whichever the case may be. 

FIG. 18-1. Simple but effective exhibit for general promotion. Colored movie on 
fruit growing is shown in recessed box to secure clear pictures in the daytime. 
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Color includes both quantity and quality and must, of course, be 
related to the variety concerned. In general, the higher the color, the 
be~er. However, redness to the point of becoming dull, as with some 
sports, may be downgraded. With a variety such as McIntosh, where 
some se'ains have the red color in stripes rather than a solid blush, the 
latter is to be preferred. Ordinarily, Rhode Island Greening should be 
green rather than blushed, although local preference may be used as the 
guide. The basis of judgment should not vary from year to year at a given 
show, and an outside judge may do well to check some points with the 
superintendent before starting. 

Size is related to variety characteristics also. A , typical Rhode Island 
Greening may be 3 to 3Y2 inches in diameter, while an equally desirable 
McIntosh may run from 2% to 3 inches, and Macoun not over 2% 
inches. Size for size's sake is not desirable. Usually, oversized specimens 
are coarse and Iow in quality, are more subject to physiological dis
orders, and have a shorter storage life. The ideal size for a variety will 
vary somewhat with the area where it is grown and the particular 
season. Thus British Columbian or Maine McIntosh will average smaller 
than those grown in Connecticut under similar cultural conditions. All 
fruit may be smaller in a dry year. Although the larger fruit, within the 
acceptable range, will ordinarily receive the prize, amateurs probably 
suffer more disappointments as a result of exhibiting large, overgrown 
specimens than for any other reason. 

Uniformity is one of the most difficult problems for the exhibitor. It 
is involved in all other categories: condition, color, size, and form. A 
good plate will contain specimens as nearly alike as possible in every 
respect. Five similar specimens of slightly poorer color will win over 
a plate which has four of higher color and one less well colored. The 
real skill in showing appears in this category. Weather conditions may 
influence condition, color, and size, but human effort is largely involved 
in ~electing a uniform plate. 

Form has reference to the shape which is typical for the variety or 
the preferr~d form when two or more are common. For example, there 
are round- and block-type Baldwin apples, of which the latter is pre
ferred. Stem length varies also, and the short stem is considered better. 
With Delicious, the somewhat elongated specimen with ·five definite 
knobs at the base is considered typical, and a plate of such apples will 
win if the decision is close. The value for form is small (10 pOints), but 
if care is not exercised and specimens of two forms are displayed, uni
formity comes into the picture also, and thus 25 points. 

Exhibiting apples has, been covered in some detail because the basic 
principles apply rather generally. With pears, quinces, and peaches, five 
specimens are usually specified. With crab apples and plums, a number 
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may be specified or the bottom of the plate covered. Three bunches of 
grapes are usually shown. Small fruits are usually exhibited in pint or 
quart boxes as specified. The points considered may be varied somewhat; 
for example, compactness of cluster and the presence of a well-de
veloped shoulder on bunches of grapes may carry considerable weight. 
In general, all fruits are exhibited with the natural bloom, rather than 
polished. 

Vegetables. The exhibiting of vegetables involves more variations than 
are usually encountered at a fruit show. Many of the products, such as 
lettuce and other leafy vegetables, shrivel rapidly. There are many varia
tions in size also--radishes to winter squash or watermelons. It is im
portant that the accepted practice be designated in the premium list 
and that it be adhered to rigidly. 

Products should be exhibited in as near prime eating condition as 
poSSible. They should be of good market size and color; free from dirt 
and insect, disease, and mechanical injury; and typical for the variety. 
The Chantenay carrot is naturally a short chunky Toot as compared with 
the Hutchinson; however, both should be smooth-skinned, free from 
cracks and excess side branches and hairy roots. The factor of uniformity 
is equally important with tomatoes as with apples. 

Potato, sweet potato, pepper, tomato, cucumber, carrot, and beet may 
be specified as five specimens to a plate; onion and sweet corn as six 
specimens; cabbage, cauliflower, muskmelon, and eggplant as three 
specimens; and winter squash and watermelon as one specimen. Beans 
may be displayed as twelve pods or a quart. The number should be 
designated, although the decision may be arbitrary. It is much harder 
to exhibit five cucumbers than one, since the important element of 
uniformity becomes involved. 

Flowers. In exhibiting flowers, rules are also important, and often ar
bitrary. Several of the societies formed to promote a particular flower 
(carnation, rose, snapdragon, etc.) have formulated specifications for 
flowers of several grades. With carnations, 12 blooms are called for in 
some shows and 50 in others. Length and quality of stem may be nearly 
as important as the flower itself. General condition, trueness to name, 
color, stage of flower development, size, and uniformity, all must be con
sidered. With roses, a bloom between tight bud and full bloom is pre
ferred. Carnations should be fully open. Gladiolus should have a number 
of open flowers and buds at the tip, the exact number of each depending 
upon classification. With such a perishable crop as flowers, achieving the 
ideal stage of development at the time the flowers are judged requires 
great skill. One would do well to determine by trial and error before the 
show just how long it takes for a bloom to pass from one stage to the other 
under expected conditions of temperature. 
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FIG. 18-2. Preparing floral arrangement for Home-coming Horticultural Show. (URl 

photo.) 

With flowering plants, those in bloom are considered most desirable. 

Freedom from insect all(~ disease injury is very important, and general 

formation becomes a factor, too. Sturdy well-branched plants are pre

ferred, even if the individual blooms on a leggy' plan,t may be better. 

COLLECTIONS 

In many shows, mass displays of individual crops ( 15-variety col

lections of apple, tomato, or rose) and composite · e~hibits, including 

fruits, vegetables, flowers, and even canned goods, are of major im

portance. The amount of prize money may be large. Such exhibits take 

a great deal of time, but they fill space and provide an opportunity for 

organizations to compete. The fact that several exhibitors may combine 

their efforts often results in problems of quality control. 

The same general principles of selection apply to a collection of plants 

as to singles. If the quality is generally good, preference is usually 

given to the collection having the greater number of important varieties. 

Of course, some premium lists may specify new varieties or old-timers, 

in which case the general rule would not hold. In composite exhibits, 

quality is still a major consideration. However, number of varieties and 

artistic arrangement become important too. Overcrowding an exhibit is 

a common error. General neatness, color contrast, and balance are all 

important. Since artistic sense is a major factor in the adequacy of such 

displays, it may be well to leave the final arrangement to one person. 
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FIG. 18-3. Stages in preparing Christmas ,,;reath from Princcss pillc. (URI photos.) 

SOME SUGGESTIONS FOR JUDGING 

The judge should be assisted by a clerk who will handle the paper 
work, making sure that all entries in a class are judged, the proper num
ber of places given, etc. The judge should be free of these details and 
not be in any way suspect of knowing the entries of specific contestants. 
As noted earlier, a judge is entitled to and should insist upon freedom to 
work in privacy and quiet. No entries should be permitted after judging 
begins. 
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In judging plate or vase exhibits, one should first examine all speci
mens to determine trueness to name, proper number, and major injuries 
which may result in disqualification. It may be possible to eliminate 
some other plates because of gross' lack of uniformity, inferior color, or ' 
oversize. When this elimination is complete, the real judging begins. 

Judging for condition will ordinarily require the careful handling of 
most specimens. Those with an obvious defect may be placed in a 
position so that the imperfection shows (a cracked tomato may be left 
upright instead of blossom end up, as usually displayed). Color is 
normally quite obvious, as is size. In judging uniformity and form, it may 
help if the specimens are removed from the plate and put in a line on 
the table. DiHerences not otherwise easily detected will become appar
ent. The judge may then score the plates on points or, after sufficient 
experience, place them directly. Some shows require a point score. After 
placing the plates, the specimens should ordinarily be returned to the 
most attractive arrangement. As noted earlier, if the public might be in
clined to misunderstand a placing resulting from some hidden defect, 
steps may be taken to make the reason clear, either by exposing the bad 
portion or by a note on the card. It should be kept in mind that a show 
should be educational both to the viewing public and the exhibitor. 

Quality of a show may be raised or kept high only if exhibiting virtue 
is rewarded. There should be no obligation to give first place to any ex
hibit not warranting it. The best plate exhibited may, very properly, be 
given a second prize or no prize at all. However, . there is no special 
merit in a judge setting professional standards in an amateur show, or 
trying to raise the level too much anyone year. Here again, there is an 
educational factor involved, and gentle leadership may be the best way. 
Under some circumstances, especially in a school show or with a new 
group, the judge may be willing to spend some time, after the judging 
is complete, going over some of the placings and explaining them. 

In judging large exhibits, it is customary to use a team of judges. This 
is desirable because there are fewer objective bases for judgment such as 
size, color, form, etc., in plate exhibits. 

The preparation and judging of flower arrangements are very special
ized activities and of greatly increased interest. The emphasis shifts 
from quality to effect, and therefore a considerable diHerence in the 
scoring points occurs. That proposed by the National Council of State 
Garden Oubs and used with permission follows: 
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A"angements 
Design (balance, dominance, rhythm, proportion, scale) 
Suitability to placement 
Suitability to material 
Distinction 

Total 

QUESTIONS 

1. What good may horticultural shows do? 
2. What functions are performed by the exhibition committee? 

30 
25 
20 
25 

100 

47S 

3. Why are clear-cut and complete rules important? 
4. Explain the terms commonly used in judging fruits: condition, size, color, 

uniformity, and form. 
5. How would you select vegetables for show? 
6. What are some of the do's and don'ts of arranging an attractive composite 

exhibit? 
7. How may a judge encourage good showmanship? 
8. Where would you seek information on the exhibiting and judging of a 

specific flower? 
9. What information should be found,On an exhibitor's tag? 

10. What conditions should be set for entries by a judge before beginning 
his work? 
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Ageratum, 231 
Ageratam houstonianum, 231 
Aggregate fruit, 35 
Agriculture, major divisions, 1 
Allium eepa, 199 
Almond, 322 
Althaea rosea, 236 
Alyssum, 231 
Angiosperm, 15 
Animal manures, 90 
Annual plants, 19 
Annual rings, 24 
Annuals (flowers), 231-236 
Antirrhinum ma;us, 234, 274 
Apical dominance, 53 
Apium graveolens, 176 
Apple, botanical classification, 16 
Apple culture, 277-303 

dwarf stocks, 302 
fertilization, 285 
filler trees, 280 
flower-bud formation, 294 
harvest, 301 
pests, 303 
pollination, 297 
pruning, 287 
soil management, 282 
thinning, 299 

Apricot, 322 
Arboriculture, 406-418 
Arborist,8 
Asparagus, 168 
Asparolgus of/icinalis, 168 
Aster, 231 
Auxin, 48 
Avocado, 338 
Azalea, 265 

Bachelor's button, 232 
Bacterial diseases, 422 

crown gall, 424 

Index 

Bacterial diseases, fire blight, 423 
Balled-and-burlapped shrub, 405 
"Bare-root" handling, 405 
Bark, 23 
Bean, common, 201 

lima, 202 
Beet, 195 
Begonia, 232 
Beta vulgaris, 195 

var. dela, 172 
Biennial plants, 20 
Biennials (flowers), 236 
Blackberries, 351 
Bleeding, 54 
Blueberry culture, 357-365 
Botanical classifications, 16 
Botany, divisions of, 2 
Bracing of trees, 409 
Brambles, 347-355 
Brassiea napobrassica, 197 

oleraeea var. aeephala, 173 
var. botrytis, 181 
var. eapitata, 178 
var. italica, 182 

rapa,197 
Broccoli, 182 
Buds, adventitious, 36 

axillary, 36 
compound, 37 
latent, 36 
lateral, 35 
simple, 37 
terminal, 35 

Bulbs, greenhouse forcing, 262 
hardy flowering, 237 
propagation by, 127 
storage, 457 
vegetable, 199 

C:N ratio, 91 
Cabbage, 178 
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Calendula, 232 
Calendula oDicillalis, 232 
CaUistephus chinensis, 231 
Cambium,23 
Campanula medium, 236 
Canning, of food products, 458 

of nursery stock, 404 
Canterbury bell, 236 
Capsicum jrutescens, 213 
Carnation, 271 
Carrot, 193 
Cauliflower, 181 
Cavity treatment, 413 
Celery, 176 
Cells, 21, 22 
Celosia argentea, 232 
Centaurea cyanus, 232 
Cheiranthus cheiri, 236 
Chemical weed control, UH, 192,244 
Cherries, culture, 326-330 
China aster, 231 
Chloroplasts, 32 
Chrysanthemum, 241, 272 
Chrysanthemum morifolium, 272 
Cichorium endivia, 176 
Citrollus vulgaris, 217 
Citrus limon, 337 

paradisi, 335 
sinensis,332 

Clean culture, 283 
Climate, drought, 73 

floods, 73 
frost-free season, 69 
landscape control, 392 
light conditions, 62 
major regions, 57 
moisture factors, 61 
site influences, 63 
temperature factors, 59 
variations, 67 

Cockscomb,232 
Cold frame, 142 
Cold injury, 309 
Cole crops, 178 
Collards, 173 
Collenchyma, 22, 23 
Companion cropping, 157 
Compost construction, 92 
Conducting tissue, 23 
Cork cambium, 24 
Corms, 127 
Corn, sweet, 207 

Cornflower, 232 
Cosmos, 232 
Cosmos bipinnatus, 232 
Cranberries, 365 
Crop rotation, 155 
Crotches, 31 
Cucumber, 214 
Cucumis melo var. reticulatus, 216 

satiVfl8, 214 
Cucurbita, 219 
Cultivation, 167 

weed control, 189 
Currants, 355 
Cutting bed, 120 
Cutting media, 119 
Cuttings, root, 120 

stem, 121 
Cyclamen, 264 
Cyclamen indicum, 264 
Cydonia oblonga, 307 

Dahlia, 245 
Dahlia pinnata, 245 
Daucus carota, 193 
Delphinium, 233, 241 
Delphinium aiacis, 233 

grandiflorum, 241 
Dewpoint, 71 
Dianthus, 232 
Dianthus caryophyUus, 271 
Dicotyledoneae, 15 
Digitalis purpurea, 236 
Disease control, 4.37-444 

bv rotation, 438 
Dis~ases, classes of, 422 

, (See also specific diseases) 
Division, propagation by, 128 
I>ormancy, 51,313 
Drupe fruits, 309-330 
Dwarf trees, apple, 302 

Easter lily, 267 
Eggplant, 214 
Endive, 176 
Euonymus alatus, 24 
Euphorbia pulcherrima, 263 
Evergreen fruits, 5, 330--339 

Fertilizers, analysis, 86 
applications, 88 



Fertilizers, chemical, 86 
formulations, 87 
recommendations, 87 

Fibers, 22, 23 
Field capacity, 95, 97 
Fire blight, pear, 305 
Floriculture, 7 

cut-Rower crops, 8 
outdoor crops, 8 
potted plants, 8 

Florists, 7 
Flower-bud formation, apple, 294 

nitrogen-carbohydrate relations, 295 
pear, 304 
special treatments, 296 

Flower gardens, annuals, 225 
arrangement, 226 
biennials, 226 
competition, 227 
light, 227 
perennials, 226 
planting, 228 
soil preparation, 227 
special treatment, 229 
succession bloom, 226 
winter care, 228 

Flower parts, 33 
Flowers, dioecious, 33 

imperfect, 33 
monoecious, 33 
perfect, 33 
pistillate, 33 
staminate, 33 
(See also specific Rowers) 

Food technology, 9 
Forget-me-not, 233 
Foxglove, 236 
Fragaria chiloensis, 341 
Freeze, 70 
Freezing preservation, 459 
Frost, 70 

black,71 
white, 71 

Frost control (diagram), 71 
Frost-control methods, 72 
Fruit, types, 35 
Fruit growing, 4, 277-376 
Fruits, deciduous, 5 

drupe, 309-330 
evergreen, 5, 330-339 
origin, 10-14 
pome, 277-308 

Index 

Fruits, production areas, 10-14 
small, 5, 341-376 
value in United States, 10-14 
( See also specific fruits) 

Fumigants, 443 
Fungicides, 442 
Fungus diseases, 425 

apple scab, 426 
fusarium wilt, 427 
( See also specific crops) 

Garden layout, 156 
GaylU8sacia,357 
Geotropism, 48 
Geranium, 266 
Germination factors, air, 112 

light, 112 
moisture, 110 
temperature, 111, 112 

Girdling, 47 
Gladiolus, 243 
Gooseberries, 355 
Graftage, 128-139 

compatibility, 129 
principles, 129 

Grafts, 131-139 
approach, 139 
bark, 135 
bridge, 138 
budding, 136 
cleft, 132 
inarching, 139 
inlay, 135 
stub, 134 
veneer, 135 
whip, 131 

Grape culture, 368-375 
Grapefruit, 335 
Green manures, 90 
Greenhouse, 147 

beds, 151 
benches, 151,256 
construction, 149 
heating, 150 
humidity, 260 
layout, 151 
lean-to, 147 
light, 259 
ridge and furrow, 148 
ventilation, 150, 261 
watering, 151, 255 

Greenhouse bench crops, 269 
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Greens, 171 
Ground covers, 391 
Growth, 39-55 

Introductory Horticulture 

rodent, 437 
winter, 309 

~ntrolling factors, 52, 53 
dormancy, 50 
flowering, 52 
flushes, 50 
periods, 50 
photosynthesis, 40 
polarity, 48 
respiration, 43 
rest, 50 
translocation, 46 
transpiration, 44 
tropisms, 48 
vegetative, 52 

Gymnosperm, 15 

Hardening, 160 
Harvest, apple, 301 

cranberry, 367 
peach, 321 
pear, 306 
plum, 326 
strawberry, 346 
( See also other crops) 

Herbaceous perennial, 20 
Hollyhock, 236 
Horticultural classifications, 19 
Horticultural shows, 464-473 

collections, 470 
exhibiting, 466 
flowers, 469 
fruits, 467 
preparation, 465 
vegetables, 469 

Horticulture, contributing sciences, 2 
historic definition, 1 
ornamental, 7 

Horticulturists, amateur, 3 
part-time, 3 
profeSSional, 4 

Hormone, propagation, 123 
stop-drop, 301 

Hot caps, 153 
Hotbed,144 
Huckleberry, 357 
Humidity, greenhouse, 260 
Hydroponics, 257 

Injury, disease, 422 
insect, 428 

Insect control, chemicals, 437 
fumigants, 443 
insecticides, 441 
natural enemies, 439 
rotation, 438 
sanitation, 438 
storage, 456 
variety, 437 

Insects, 428-435 
aphis, 434 
apple maggot, 431 
Japanese beetle, 430 
oystershell scale, 432 
peach tree borer, 432 
tent caterpillar, 429 
( See also specific crops) 

Intercropping, 157 
Ipomoea batatas, 205 
Iris, 239 
Irrigation, 185 

ditch, 186 
sprinkler, 187 
subirrigation, 188 
surface, 185 

Japanese yew, botanical classification, 16 
Judging shows, 471 

Kale, 173 

Lactuca sativa, 174 
Landscape, home, 377-397 
Landscape architect, 8 
Landscape gardener, 8 
Larkspur, 233, 241 
Lathyrus odoratu8, 235 
Lawns, 380-386 
Layerage, 124 

types (diagram), 125 
Leaves, chloroplasts, 32 

cuticle, 32 
stomata, 32 
structure, 32 
vascular tissue, 32 

Lemon, 3.'37 
Lettuce, 174 
Light, greenhouse use of, 259 
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Lilies, 243 
Lilium, 243 

longiflorum, 267 
Lime, availability, 82 

dolomitic, 81 
hydrate, 81 
quick,81 

Limestone, 81 
Linnaeus, 17 
Lobularia maritima, 231 
Lycopersicon e8culentum var. commune, 

209 

Malling stock, 302 
Malus sylvestrls, 16, 277 
Marigold, 233 
Marketing, 460 
Matthiola incana, 235 
Meristems,24 
Monocotyledoneae, 15 
Mulch in weed control, 190 
Mulching, effects of, on soil tempera

ture, 362 
on water, 97 

Muskmelon, 216 
Mutations, 19 
Myoaotls sylvatica, 233 

Nasturtium, 233 
Nectarine, 322 
New Zealand spinach, 173 
Nitrogen, bacterial sources, 83 

effects of, 83 
organic sources, 83 

Nurseries, culture, 398-406 
Nursery-stock storage, 457 
Nurserymen, 8 
Nutrients, balance, 85 

intake, 54 
minor, 85 
nitrogen, 83 
phosphorus, 84 
potassium, 84 
toxic effects, 86 

Olericulture ( see Vegetable growing; 
Vegetables) 

Onion, 199 
Orange, 332 

Organic materials, animal manures, 90 
C:N ratio, 91 
compost, 92 
green manure, 90 

Ornamental horticulture, 7 

Pansy, 233 
Parenchyma, 22 
Parsnip, 196 
Parthenocarpic fruit, 35 
Pastinaca sativa, 196 
Pea,203 
Peach culture, 314-321 

covercrops, 319 
fertilizer, 319 
fruit development, 315 
harvest, 321 ' 
planting, 316 
pruning, 316 
soil management, 319 
thinning, 320 

Pear (:ulture, 303 
Pelargonium, 266 
Peony, 240 
Pepper, 213 
Perennial plants, 20 
Perennials (flowers), 237 
Peraea americana, 338 
Pests (mites, ants, etc.), 434-437 

( See also Insect control; Insects) 
Petunia, 234 
Petunia hybrida, 234 
Phaseolus lunatus, 202 

vulgaris, 201 
Phloem, 23 
Phlox, 234 
Phlox drummondii, 234 

paniculata, 240 
Phosphorus, effects of, 84 
Photoperiodic response, 242 
Photosynthesis, compared with respira-

tion,44 
factors controlling, 40 

Phototropism, 48 
Plsum sativum, 203 
Pith,23 
Plant-growing methods, 158 

hardening, 160 
pricking off, 160 
seeding, 159 

Plant-growing problems, 419-444 
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Plant-growing structures, 141 Pruning, systems, 291 
beds, 151 Prunus Amygdalus, 322 
benches, 151 Armeniaca, 322 
cold frames, 142 avium, 326 
greenhouses (see Greenhouse) cerasifera, 323 
hotbeds,l44 cerasus, 328 
sash houses, 146 domestica, 323 
shade houses, 152 persica, 314 
slat houses, 152 var. Nectarina, 322 
solar fr~es, 153 Pumpkin, 219 

Plant sciences, divisions, 1 Pyrus communis, 303 
Plant structure, diagram, 29 
Plum culture, 323-326 
Pqinsettia, 263 
Polarity,48 
Pollination, apple, 297 

peach,316 
pear, 305 
plum, 324 

Pomology (fruit growing), 4, 277-376 
Portulaca, 234 
Portulaca grandiflora, 234 
Potassium, eHects of, 84 
Potato, 221 
Potherbs, 171 
Potted plants, 261 
Precooling, 455 
Propagation, 107 

bulbs,127 
corms, 127 
cuttage, 119 
division, 128 
graftage, 128 
layerage, 124 
rhizomes, 126 
runners, 126 
seedage, 109 
separation, 128 
sexual versus asexual, 107 

Prurdng, apple, 287 
filler trees, 293 
grape, 371 
growth relations, 287 
nursery, 403 
peach,316 
pear, 304 
plum, 325 
renovation, 292 
root, 403 
season, 288 
shade trees, 406 
shrubs, 406 

Quercus suber, 24 
Quince, 307 

Radish,198 
Raphanus sativus, 198 
Raspberries, types, 347 
Refrigeration, 452 
Respiration, compared with photosyn

thesis, 44 
factors controlling, 43 
storage, 446 

Rest, 51, 313 
Rheum rhaponticum, 169 
Rhizomes, 126 
Rhododendron indicum and obtusum. 

265 
Rhubarb, 169 
Ribes, 356 
Ring, annual, 36 
Ringing, 47 
Rodent control, orchard, 456 

storage, 437 
Root crops, 193 
Roothairs, location, 26 
Roots, types and functions, 27, 28 
Rosa, 245, 269 
Roses, 245, 269 
Rotation, crop, 155 

disease control by, 438 
insect control by, 438 

Rubus, 347 
Runners, 126 
Rutabaga, 197 

Salad crops, 174 
Salvia, red, 234 
Salvia splendens, 234 



Sanitation, weed control by, 190 
Sapwood,23 
Sash house, 146 
Scaffold branches, placement, 31 
Sclerenchyma, 23 
Seed, definition, 109 
Seeding,depth,115 

irrigation, 117 
spacing, 116 

Seeds, disease treatments, 113 
dormancy, 112 
germination, 110 
hybrid,117 
longevity, 110 
pelleted,113 
rest, 112, 113 
saving, 118 
storage, 457 
testing, 114 

Separation, propagation by, 128 
Shade house, 152 
Shrubs, 389 
Site, elevation, 64 

miscellaneous factors, 67 
size, 63 
slope aspect, 65 
soil,65 

. Slat house, 152 
Small fruits, 341-375 
Snapdragon, 234, 274 
Soil, acidity, 79 

air relations, 98 
availability of elements, 80 
biological properties, 88 
clean culture, 103, 283 
climatic effects, 76 
compaction effects,}.OO 
contouring, 102 
covercrops, 103 
flower-garden preparation, 227 
greenhouse, 252 
horizons, 76 
impervious layer, 100 
liming, 79 
management, 101, 102,282-285 
organic materials, 90 
origin and compoSition, 75 
parent material, 75 
pH,79 
sod culture, 103, 283 
sterilization, 253 
strip cropping, 103 

Index 

Soil, structure, 77,78 
tests, 104 
texture, 77 
topography, 99 
vegetable, 166 

Soil water, capillary, 94 
field capacity, 95-97 
forms, 93 
gravitational or free, 93 
hygroscopic or bound, 94, 96 
wilting point, 94 

Soilless culture, 257 
Solanaceous fruits, 209 
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Solanum melongena var. e&eulentum, 214 
tuberosum, 221 

Solar frame, 153 
Spinach, 171 
Spinacia oleracea, 171 
Sports, 19 
Spurs, 39 
Squash,219 
Stem, function, 28 
Stems, types, 32 
Stock,235 
Stone cell, 22, 23 
Stop-drop, apple, 301 

pear, 306 
Storage, 445-463 
Strawberry culture, 341-347 
Stripping, 47' 
Succession crops, 157 
Suckers, 37 
Sweet alyssum, 231 
Sweet pea, 235 
Sweet potato, 205 
Swiss chard, 172 

Tagetes, 233 
Tetragonia expansa, 173 
Thinning, apple, 299 

peach,320 
pear, 306 
plum, 326 

Tiger lily, botanical classification, 16 
Tomato, 209 
Translocation, factors inHuencing, 46 
Transpiration, factors contro1ling, 44 
Transplanting, of seedlings, 162-166 

starter solutions, 164 
tolerance, 162 

of trees, 414 
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Trees, 386 
Tropaeolum ma;us, 233 
'rropisms, 48 
Trunk,28 

scaffold branches, 30 
Turnip. 197 

Vaccinium. 357-365 
Variety,18 

( See also specific crops) 
Vegetable clru;3iflcation, 6 
Vegetable growing, 5,155-224 

commercial production, 6 
production areas, 10-14 

winter, 7 
Vegetables, origin, 10-14 

perennial, 168 
value in United States, 10-14 
(See also specific crops) 

Ventilation, greenhouse, 261 
Verbena, 235 
Verbena hortensi." 235 
Vine crops, 214 
Vines, 391 
Viola tricolor hortensis, 233 
Virus diseases, 427 
V itis labrusca. 368 

Vitis rotundifolia, 368 
fJinifera, 368 

Wall flower, 236 
Water intake, 54 
Water loss, storage, 447 
Water sprouts, 37, 38 
Watermelon, 217 
Weed control, chemical, 192 

cultivation, 189 
lawns,385 . 
mulch, 190 
sanitation, 190 
seed killing, 191 
seedling killing, 191 

Wilting point, 94 
Winter hardiness, 309 
Winter injury, 6f), 309-313 
Woody perennial, 20 
Wound healing, 54 

Xylem, 23 

Zea mays var. nlgosa, 207 
Zinnia, 235 
Zinnia elegans, 235 
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