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Abstract 

With increase in global population, demand for food and fiber has increased many-
folds. It has necessitated the development of more intensive agricultural practices 
which can produce sustainable higher yields of best quality around the year. 
Protected cultivation is a unique and specialized production technology, which 
enables the producers to have some control over temperature, light intensity, 
moisture, wind velocity, and/or nutrient management for better understanding of 
plant growth requirements and increasing crop productivity to ensure food security. 
This chapter describes different techniques of protected production of horticultural 
commodities and their advantages for extending the availabilities of fruits and 
vegetables for longer periods. It also demonstrates different variables which affect 
successful forcing of horticultural produce to ensure higher productivity and 
profitability. 
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8.1. Introduction 

Since early ages, agricultural production has primarily been outdoors and is entirely 
climate and weather dependent. In fact, the most critical factor in horticultural crop 
production is the environment because the final yield and quality of produce depends 
on the environmental conditions during production time. Crops being grown in open 
fields are exposed to natural catastrophes and may get damaged by the natural 
calamities. However, in current scenario, several advanced technologies have been 
developed to produce crops year around and with minimum effect of environmental 
conditions. 

Protected cultivation enables the growers to have some control over environmental 
conditions for increasing crop productivity and involves several structures for 
protection such as greenhouses, poly tunnels, row covers, or technologies such as 
windbreaks, soil mulches or simply irrigation. The structures used for protected 
cultivation may be used with or without additional environmental control systems. 
The objective is to grow crops with prolonged harvest period, earlier crop maturity, 
off season production when there is no outdoor production, higher yields and better 
produce quality, and sustainable production. Due to the use of input and capital 
intensive techniques, emphasis is focused on production of high-value horticultural 
crops (vegetables, cut flowers, small fruits, herbs, mushrooms, bedding plants and 
woody ornamentals). 

Protected cultivation also refers to comprehensive systems of Controlled-
Environment Agriculture (CEA) in which all aspects of the natural environment are 
modified for maximum plant growth and economic return. Environmental 
modifications may be above or below ground including factors such as temperature, 
light, humidity, nutrient management, etc. with ultimate objective to maximize plant 
growth, increase yield and produce quality, and extension of the growing season. 

In Pakistan, protected horticulture is so far limited to off-season vegetable production 
and its potential has not yet been explored. There are several small fruit crops, 
vegetables as well as ornamental crops which can be successfully grown employing 
protected crop production techniques to ensure food security in the country. 
However, due to higher input costs and energy shortages, our indigenous protected 
horticulture involves only poly-tunnel farming for off-season vegetable production. 
There is great potential for protected horticultural crop production, which offers 
better control over environmental factors and not only utilizes marginal lands for 
horticultural crop production but also extends availability of different horticultural 
crops at affordable cost. Many ornamental plants such as roses, tuberoses, specialty 
cuts etc. can be produced in cheaper greenhouse structures, which require moderate 
temperatures and protection from wind and rain for better quality production. 
Similarly, in hilly areas of Khyber Pakhtun Khwa, poly-tunnels can be used to grow 
different vegetables during spring and/or autumn. 
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8.1.1. Historical Perspective 

Protected cultivation of horticultural crops has a very long history which dates back 
to ancient times of early Roman Empire (14-37 AD). In that era, movable beds for 
growing cucumber and some other vegetables were used which were moved outside 
on favourable days while moved back in during inclement weather conditions and 
during nights. Moreover, plants were also protected from harsh weather by using 
transparent sheets of alabaster or mica. However, these methods were stopped when 
the Roman Empire declined. Hydroponics is as old as the hanging Gardens of 
Babylon and today this technology with more progression is being used for the 
production of valuable vegetables, annuals, ornamental plants and some herbaceous 
fruits. In the middle ages, walls were used for the protection of various horticultural 
crops and crops were cultivated around castles (Dalrymple 1973). In sixteenth 
century, first botanical garden was built and glass cloches were used to cover young 
seedlings especially for over wintering orange trees (Dalrymple 1973). Afterwards, 
in late 15th to 18th centuries, crude, rectangular or square-shaped wooden or bamboo-
made greenhouses were used for horticultural crop production. These greenhouses 
were covered with oiled paper or glass panes and a wide variety of off-season fruits 
and vegetables were grown (Romanowski 1981). During late 1600s to 1700s, first 
glass greenhouses were used which had glass on only one side as sloping roof. In the 
18th century, first lean to type, two-sided greenhouses with glass on both sides and 
front were emerged in Europe (Netherlands) and was used to capture more sunlight 
during colder part of the years. First commercial greenhouse was built during 19th 
century, while this technology flourished much rapidly in 20th century. In England, 
forcing of horticultural crops became particularly popular during late 18th century 
and production of fruits and vegetables particularly grapes, strawberries, peaches, 
and melons followed by tomatoes in late 18th century was increased and they became 
abundantly available to common people. By the end of 19th century, production of 
greenhouse horticultural crops was well established and technology started to expand 
to other continents from Europe (Romanowski 1981). 

In Asia, China started the first protected horticultural crop production and records 
show that vegetables were even cultivated in China with some protection measures 
as early as 2000 years ago. Different structures and materials were used to protect 
the crops from unsuitable weather and climatic conditions. With advancement to 
greenhouse technology, China, Japan and Korea started greenhouse production with 
low greenhouses built with glass on southern side and roof only and use of concrete 
or paddy straw walls on northern sides. Initially, these greenhouses were unheated 
and mainly used for vegetable production. These greenhouses are considered energy-
efficient greenhouses (Jiang and Yu 2004). 

In the past few decades, this type of cultivation has spread very rapidly to fulfill the 
needs of increasing population and this advancement has been made possible due to 
scientific and technological development all around the world. According to an 
estimate, over 200 thousand ha world area is now covered by greenhouses and other 
structures used for protected crop production (Yaling 2008a). In earlier times, many 
growers in different regions of the world used to grow valuable plants in pots and 
placed them indoor at night or cold periods to protect them. There was gradual 
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development of protected cultivation of crops in different regions of the world. In 
Northern Europe, for the production of fruits and vegetables, protected materials 
have been used early and rapidly. Netherlands and Denmark were leading countries 
with protected cultivation in Northern Europe. While in Southern side of Europe, 
winters are mild, but there is often a large difference between day and night 
temperatures so growers of this region used protected structures like wood or metal 
covered with plastic film, for cultivation of horticultural crops. In these countries, 
high level for ventilation is required to prevent greenhouse temperature from 
becoming too high. In Eastern Europe, Bulgaria, Poland and Romania supplied large 
quantities and varieties of greenhouse vegetables to the Western Europe but now 
these countries are facing serious problems of high inflation rate, energy crises and 
high interest rates. These countries still have good opportunities of protected 
cropping. In Middle East, Israel and Turkey are major countries in the production of 
fruits and vegetables under protected environment due to import of many advanced 
techniques from developed countries. Use of protected structures such as plastic 
tunnels, mesh and glass are increasing swiftly in Japan, Korea, India, China and 
Pakistan in Asia. The simple structures are mostly made up of galvanized iron, glass, 
wood and bamboo and serve effectively for protected production of economically 
important vegetables, ornamental plants, annual flowers and small fruits. In Africa, 
vegetable and ornamental productions have developed rapidly in Morocco, Kenya, 
Uganda and Malawi. In these regions, greenhouses are generally constructed of wood 
covered with plastic material, but now use of steel structure is increasing due to more 
lifespan. Poor transportation and lack of knowledge among growers are major 
constraints, which limit protected cultivation. USA, Canada, Mexico and Colombia 
have favourable environmental conditions for production of fruits, vegetables and 
ornamentals, but protection of crops is needed during colder nights. Growers need 
simple, inexpensive structures for production of these crops. These countries have 
high technical expertise and resources, so play an important role in the global 
horticulture market. In Australia, protected cropping is fastest growing food 
producing sector as 29% of all Australian vegetable growers practice protected 
cropping. 

Pakistan’s economy is mainly dependent on agriculture, given that it employs half of 
the country’s labour force and plays a pivotal role in food security of the people. 
During 2011-12, agriculture sector had contributed 21.5% of the Gross Domestic 
Product (GDP). The geographical location of the country permits the cultivation of a 
wide range of horticultural crops used for food purposes and to provide raw material 
for processing industry. In Pakistan, introduction of protected agriculture is 
considerably delayed as compared to advanced or neighboring countries. Recently, 
a dramatic change with challenging opportunities in the area of protected cultivation 
has been observed countrywide. In public sector, the interest of progressive farmers 
and business enterprises has increased towards protected cultivation of horticultural 
crops. In early 90’s, use of plastic and glass houses was introduced in Pakistan to sort 
out constraints faced by agriculture. In recent years, use of protected structures has 
become a multimillion dollar industry. As the people are getting better understanding 
about the value of fruits, vegetables and flowers produced under cover, there is an 
increase in the consumption and ultimately in production of off season horticultural 
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plants. For year round production of horticultural crops, various protected measures 
are being undertaken that make it easy to grow them out of their normal growing 
season. Pakistan has enormous potential to increase horticultural crop production, 
provided its resources are pertinently utilized and advanced technologies of protected 
crop production, such as energy saving solar greenhouses, are commercialized in the 
country. Development of protected horticulture industry can enable us to eliminate 
demand and supply gap in a sustainable way and to grow valuable horticultural crops 
to overcome food shortage. 

8.2. Objectives 

Objectives of protected cultivation of horticultural crops include: 

• Modification of natural environment by practices and structures to achieve 
optimal productivity and yield and to extend the growing season of the 
crops. 

• Introduction of modern technologies for year round production of high 
quality horticultural commodities. 

• Promotion of inherent efficiency and sustainability of growing systems and 
subsequent product advantages. 

• Continuation of disease free horticultural products supply to the consumers. 

• Utilization of marginal lands for commercial production of fruits, 
vegetables and flowers by providing artificial means of growing media, 
modification of irrigation techniques and creating optimum climatic 
conditions under protected structures. 

8.3. Advantages of Protected Horticultural Production 

Protection from frost and/or freezing 

Crops grown under cover are protected from adverse weather conditions. Moreover, 
use of overhead sprinkler irrigation, wind machines, or heating systems in 
greenhouses also provides protection from damage. Cover crops can also be used for 
protection of crops grown in the field. 

Protection from high temperature 

Crops grown inside covered structures can be cooled in event of extremely high 
temperatures outside. Forced air cooling and misting are successfully used in 
different parts of the world for cooling of crops during hot months. It also lowers the 
requirement for irrigation water. 

Reduction in water requirements 

Plant water requirements can be reduced by growing plants under covered structures 
and regulating the climate inside those structures. Moreover, water conservation 
techniques, like use of plastic or organic mulches can also be used to reduce the 
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evaporation of moisture. Additionally, these can also control weeds, which in turn 
would reduce cost of production and increase yield and profitability. 

Protection from drought 

Crops grown under protected structures are less exposed to water shortage and can 
be protected from drought by provision of advanced irrigation and drainage system. 

Protection from wind 

Windbreaks are particularly important for protecting the protected structures and 
crops grown inside. Windbreaks can be built by using appropriate plants or 
structures. 

Reduction in insect-pest damage 

Horticultural crops can be produced in protected structures with less or no infestation 
with insect/pests and diseases, if the proper environment inside the protected 
structures is maintained. Fumigation can also be easily done inside greenhouses in 
order to kill soil borne pathogens. Moreover, in case of severe problem, soil or 
medium can be removed and replaced. Use of soilless substrates has also reduced 
chances of soil borne pathogens for protected horticultural crop production. 

Extension of production areas 

Crops can be grown indoors in areas where otherwise those cannot be produced 
outdoors. In this way, specific horticultural crops can be produced on large areas and 
at different times of the season, which increases net returns and profitability. 

Extension of growing season 

Availability period of horticultural crops can be considerably extended if produced 
indoors by providing optimal environmentally controlled conditions to the plants. 
Moreover, the net return can be increased by producing early or late season crops in 
protected structures having controlled conditions, when market prices are high and 
glut period is avoided when there is surplus produce available in the market. 

Manipulation of production time 

Protected production of crops helps manipulate production times and regulate 
continuous supply of fruits and vegetables to feed large population masses. 

Increased crop yields 

Crops produced under protected structures and controlled environments produce 
higher yields due to optimum growth conditions and use of good quality plant 
material and inputs. Moreover, vine crops, e.g., cucumber; gourds are produced 
vertically, which increases per unit area yield. 

Improved produce quality 

Indoor horticultural crop production improves produce quality as it avoids several 
natural calamities of weather and increases chances of availability of the produce. 
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Stability of market prices 

Protected horticultural crop production helps in stabilizing market prices by ensuring 
regular supply of quality produce. This not only helps in fulfilling consumers’ daily 
food requirements, but also increases profitability by avoiding glut period which 
results in low returns to the growers. 

8.4. Factors Affecting Protected Horticulture 

Protected agriculture is dependent on various climatic factors that may change with 
the area, locality, time and the type of crop grown. In addition to soil and climatic 
factors which directly affect production, socio-economic factors such as labour cost, 
availability of labour at particular times, logistic conditions and political conditions 
are also important. Moreover, investment on development of protected structures and 
their covering materials, or advent of a war in one’s own or neighboring country may 
create a difficult situation in a short time and all these factors together determine the 
competitiveness of protected cultivation of horticultural crops (Wittwer and Castilla 
1995). 

8.4.1. Geography 

Commercial horticultural production is concentrated in specific parts of the world 
mainly depending on the climatic conditions of that particular region. Climatic 
conditions of a particular region determine the selection and use of protected 
structures. Moreover, the population in that region and market conditions also affect 
the protected cultivation. While planning a new horticultural operation, there should 
be some expansion possibilities for the future; however, the business should also be 
established at a place which should be safe from the rapid expansion of nearby cities. 

8.4.2. Climatic Conditions 

Selection of a site for protected cultivation with suitable climatic conditions is of 
utmost importance. If the climatic conditions in a particular region are extremely 
unsuitable for crop growth, it may not be commercially feasible for protected 
cultivation. If the climatic conditions are favourable, it will reduce the cost of 
protected cultivation as protective structures will only be necessary for protection 
against insect/pests and rain. Management of climatic conditions will lead to increase 
in yield and quality. 

Temperature 

Temperature is the most important climatic factor which influences photoassimilate 
partitioning between plant organs and ultimate yield of crops grown in protected 
structures. Moreover, most plants function in a relatively narrow range of 
temperatures. Plants may be killed either by freezing temperatures around 0ºC or due 
to desiccation at >40ºC. Most crops do well within the range of 10-25ºC; however, 
they may vary according to their normal production season. Temperature 
requirements are usually based on night temperatures and on the basis of optimum 
growing temperature; crops can be classified into cool season or warm season crops. 
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For horticultural crops, both air temperatures as well as soil temperatures are very 
important as they affect plant growth and if temperature goes higher than required, it 
hastens the crop maturity due to rapid translocation of photosynthates. Air 
temperature affects production while night temperature affects microbial growth, 
root development, water and nutrient absorption. Many crops get damaged at 
freezing temperatures and even tropical horticultural crops may get damaged below 
10ºC. Therefore, temperatures during production must be considered before growing 
horticultural crops. 

Light 

Light is the second important factor, which influences horticultural crop production 
under protected structures, being used by the plants for food synthesis through 
photosynthesis. There are several components which affect plant growth; however, 
light intensity, photoperiod and light quality play pivotal role in quality crop 
production. Light intensity governs the rate of photosynthesis and changes with 
elevation and latitude. Moreover, amount of light also varies with fog, clouds, smoke, 
season, or time of day. Vegetables such as potatoes, cucurbits and sweet potatoes 
require high light intensity, while others, e.g., lettuce, carrot, cole crops, onions, and 
spinach can successfully grow with less light intensity. Several horticultural crops 
are sensitive to photoperiod and specific day lengths are required to initiate plant 
reproductive growth, which determines production time. Photoperiods vary in 
different seasons of the year and at different latitudes. Plants which flower when day 
length get shorter, are called short day plants, while those which flower during longer 
days, are called long day plants. There are also some horticultural plants, which are 
not affected by day length and are called day-neutral plants. Protected structures 
should be built in such a direction where they should intercept maximum light to 
fulfill the photosynthetic requirements of plants. 

Gases 

Greenhouses and tunnels provide unique structures for carbon dioxide enrichment, 
which is a raw material for photosynthesis and significantly affects plant growth and 
yield. In greenhouses, carbon dioxide levels may drop and become a limiting factor 
for crop growth. Therefore, proper ventilation is required to maintain plant growth 
and quality. Low level of carbon dioxide reduces photosynthetic activity, which in 
turn reduce plant growth and yield. Introduction of supplementary carbon dioxide in 
protected structures has proved successful for significantly increasing vegetable 
yield, particularly when it is applied at 1000-1500 ppm on days with poor ventilation. 

Humidity 

Water is a critical factor defining the plant growth rate. Humidity requirement of the 
plants are adjusted accordingly under protected structures. High humidity may 
promote disease or fungal growth within the structure; therefore, maintenance of 
humidity at optimum level is very crucial for ensuring higher yields. In protected 
structures, hygrometers should permanently be installed for regular monitoring and 
modification of cultural practices accordingly. 
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Wind 

Wind at gentle speed would help in air movement and ventilation inside protected 
structure, which will improve production. However, heavy winds may lead to 
damage to structures, or even crop damage. In areas with heavy winds, sturdier and 
usually more expansive structures are required. Alternately, in case of heavy storms 
or cyclones, less expansive structures which can be replaced quickly are better option 
to be used. 

8.4.3. Water 

Water is vital for plant growth being part of most metabolic processes. It is essential 
for photosynthesis, respiration and transpiration. It determines the plant growth rate 
and keeps gaseous balance in the plant by opening and closing of stomata. 
Horticultural crops have different critical periods during their production cycle at 
which availability of water is very important for successful crop production. If there 
is shortage of water at this stage, it leads to reduced yields with poor quality produce. 
In some areas with heavy snow, structures must be able to support heavy layers of 
snow and melting water. 

8.4.4.  Soil and Growing Substrate 

Soil is an important substrate for horticultural crop production and various soil 
properties such as texture, structure, nutrient availability, organic matter content, 
topography, soil contamination and water balance are important. Suitability of soil 
for a horticultural enterprise is very important; however, if crop is being grown on a 
soilless substrate, selection of appropriate growing substrate is vital for good quality 
production and higher yields. Substrates are important for supporting plant growth, 
holding moisture and nutrients for the plants and gaseous exchange (Nelson 2007). 
For protected horticultural crop production, there is a variety of substrates being used 
in different parts of the world with more commonly used include peat, perlite, 
vermiculite, rockwool, or coco-coir. However, these can be modified based on the 
suitability, cost and availability in a particular region. For protected horticultural crop 
production in Pakistan, rice hulls, fruit and vegetable waste, cotton waste, corn cobs, 
and press mud or sugarcane bagasse can be used in various combinations for nursery 
production. 

8.4.5. Fertilization 

The growing substrate is the main medium for provision of nutrients to the plants, 
which are being absorbed by plant roots and translocated to other plant organs 
through vascular system. There are several ways to incorporate additional nutrients 
to the growing substrate. Under protected structures, best option is through 
fertigation or addition of slow release fertilizers into the substrates for supply of 
nutrients to the plants. Deficiency of nutrients may lead to poor growth and reduced 
yields and excessive application of fertilizers may cause toxicity. 
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8.4.6. Resources 

All necessary resources required for profitable production should be available at a 
reasonable price. Among these, water availability, energy, plant material, artificial 
fertilizers and pesticides are important resources which should be available for 
profitable production. In our country, in recent years, cost and irregular supply of 
energy for protected cultivation is a big issue. For good production planning, all 
required resources should be timely available in order to ensure optimal plant growth 
and to ensure high yields of good quality. 

8.4.7. Infrastructure 

Due to highly perishable nature of horticultural produce, good production and 
transportation infrastructure is necessary for good quality production and efficient 
and timely shipping to distant markets. Provision of cool chain to preserve quality, 
computerized information systems and good transportation system can lead to more 
efficient operation. 

8.4.8. Capital 

Protected cultivation involves high capital investment for successful operation. For 
small growers as in case of Pakistan, it is often difficult for the producers to manage 
the capital individually for protected cultivation. Therefore, they should have access 
to affordable loans from trustworthy banks and should not be dependent on 
commission agents for obtaining capital. Moreover, high interest rate in many 
economies pose threat to the discourage investment for protected cultivation in 
several countries. However, if the grower/businessmen is ready to take the initiative, 
it may prove worth to obtain a loan and start establishing a protected cultivation 
operation. 

8.4.9. Labour 

The present and future labour needs of a horticultural operation must be compatible 
with the availability of labour in that region. The availability of cheap and trained 
labour for specialized operations must be ensured. In countries like Pakistan, 
availability of untrained labour is not a problem, but availability of trained managers 
is an issue. Cost of labour is also not an issue in poor Asian and African countries 
but it is a problem in Australia, Europe and America. In these areas, unavailability 
and higher wages of the labour has resulted in automation of production operations. 
This increases the efficiency of the labourers but reduces the required number of 
labourers. 

8.4.10. Knowledge 

Growers must be well equipped with production and handling knowledge 
particularly if complex technologies are used to ensure good quality production. High 
level of knowledge about pest scouting, climate control, selection of correct plant 
material, timely operations, and use of complex apparatus is required. Training of the 
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labour and managers about operations being carried out at the farm as well as latest 
technologies information from internet, literature and industry people are important 
sources of acquiring knowledge about the business. Moreover, extension linkage 
between research institutes and growers is required to deliver knowledge about 
modern techniques. It also helps to quickly transfer research questions and problems 
faced by growers to the researchers to find out their solutions. Regular exchange of 
knowledge between growers is the best way to share the ideas and problems, although 
it is not common in many countries as growers consider them competitors with other 
growers. However, this problem may be reduced through formation of marketing 
cooperatives. These cooperatives are quite common in Netherlands and are best way 
to identify the knowledge gaps, which are then transferred to the research institutes 
which attempt to fill those gaps. For development of a strong protected horticulture 
industry, various links in the chain are required to utilize each other for efficient 
marketing strategy, higher yields of quality production, and improved financial 
results. 

8.4.11. Marketing 

Marketing of the produce is very important particularly if produced under protected 
cultivation using higher cost of production. Strength of protected horticultural 
industry is greatly influenced by type, size and development of domestic markets. A 
well-established domestic market will lower the transportation cost and ensure rapid 
marketing. It also helps to keep the industry alert to form a basis for high level of 
innovation. 

8.4.12. Other factors 

There are several other factors which affect the strength of protected cultivation in a 
region such as political situation in a country, technical breakthroughs, changes in 
exchange rates of the currency, social factors such as traditions and/or family 
situations, production of environment-friendly products, type of economic order 
(market economy or a centrally controlled economy), and national or local 
government decisions about land use, infrastructure, tax laws, phyto-sanitary 
measures and social security. 

8.5. Protected Production: Techniques and Structures 

The increasing demand by global markets for best quality produce has led to more 
and more protected horticultural crop production. Covering the crop does not only 
protect it from external natural hazards, but also manipulate the crop micro-
environment artificially to facilitate optimal plant performance, induce earliness of 
flowering, extend production duration and improve production and product quality 
(Giacomelli et al. 2012; Gruda and Tanny 2014; Vox et al. 2010). There are several 
types of structures used for protected horticultural crop production. All structures 
serve specific purpose and function, and fit very well into all different sizes of farms. 
For examples, in areas with frequent summer storms, low-cost structures are 
preferred, which can be quickly and easily replaced. In such regions, greenhouses 
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generally have roof and walls made of plastic with a metallic or wooden framework 
rather than glass. 

These structures may help in improving yield if advanced crop protection, plant 
breeding and crop cultivation techniques have been employed to the production 
system. The protected structures being used in Asia range from simple rain shelters, 
shade houses or plastic tunnels, to permanent modern structures covered with glass 
or plastic having fully computerized environmental controls linked to soilless or soil-
based production systems. 

8.5.1. Traditional Techniques 

Wind breaks 

Windbreaks, made of plants or structures, are essential to protect delicate 
horticultural crops from heavy winds. Wind damage causes significant yield losses 
due to vine movement in protected structures and can cause leaf desiccation, if not 
completely protected. Therefore, windbreaks should be planted on the windward side 
of the field or greenhouse prior to planting vegetable or flower crops with tall 
growing, strong tress having dense foliage. As permanent tress grows slowly, for 
rapid protection, temporary windbreaks using sarkanda can also be used which needs 
to be set up prior to planting actual crop. 

Row covers 

The most viable production practice in protected vegetable or flower production 
when seeded or transplanted at low temperatures below optimum is light transmitting 
row covers that protect plants from the environmental hazards of adverse 
temperatures, wind, hail, rain and sun (Fig. 8.1). Row covers ensure early crop 
production and higher total yield when used properly (Wells and Loy 1985). A wide 
variety of materials including both plastics and fabrics can be used to make row 
covers for use as supported or floating row covers. These may offer some frost 
protection and reduction in feeding activity of insects, if properly used. Row covers 
work best when used along with black polyethylene mulched beds. Supported row 
covers are made of clear polyethylene and used only once. These can be used after 
installation of small iron bars to support the polyethylene sheet. 
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Fig. 8.1  Row covers. 

Floating row covers are made of polyester and polypropylene similar to the fabric 
used in clothing industry for interlining (Fig. 8.2). It is usually porous to water and/or 
air, light weight, white or off white and transmits over 75% of the light. These row 
covers are installed immediately after planting and their edges are secured under soil. 
These can be left over crops for 3-6 weeks, depending on weather and crop. 

 

Fig. 8.2 Floating row covers. 
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Mulches 

Mulch is a material used to cover soil surface for modification of microclimate just 
above or below soil surface. Several types of organic or inorganic materials can be 
used for mulching horticultural crops (Fig. 8.3). Based on time of year and type of 
material used, mulches can successfully control weeds, maintain soil temperature, 
reduce soil moisture loss, erosion, fertilizer leaching, increase microbial activity and 
provide slow released nutrients, if organic mulch is used. Use of mulches also avoids 
soil drying and hard-baking caused by water evapouration from soil exposed to sun 
and winds and maintain soil temperature to ensure uniform growth of the plants. 
Some of the most effective organic mulches for horticultural crops include use of 
wheat straw, hay, or rice hulls, tree trimmings, barks, grass clippings, compost, peat 
moss, pine needles, sawdust, shavings, or wood chips which additionally increased 
crop yield and quality and reduced crop production time. Some of the disadvantages 
of organic mulches include, reduced soil warming particularly if applied early in 
spring, increased labour cost and application of more N for compensation of N loss 
during decomposition (Nelson 2007). 

During previous three decades, use of synthetic (plastic) mulch has gained universal 
popularity due to more and better control over insects and diseases and mechanized 
application. Transparent film acts in a similar way to a greenhouse, increase soil 
temperature, can be used for soil fumigation, and provide better weed control 
(Decoteau 1989). However, these are difficult to dispose of and are quite expansive 
compared to organic mulches. Recent developments include development of infrared 
transmitting plastic mulches (IRT) and combining the herbicide effect of black films 
with the thermal effect of transparent films. 

 

Fig. 8.3 Mulches used for vegetable production. 
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Shade/Lath houses 

Shade or lath houses are the structures covered with polypropylene, cotton, plastic or 
other material that can partially exclude light (Fig. 8.4). Some shading materials are 
aluminized to reflect the light away from the structure. The covering material is 
selected according to the varying amounts of light needed to block out, but most 
common shading materials exclude 20-60% light. These structures are typically used 
to reduce light levels and provide cooling through shading in subtropical and tropical 
climates. These generally do not have heating or cooling systems and are often used 
for the production of nursery stock, cut flowers, or foliage plants. In some regions, a 
modified form of shade housing is used where net houses, covered with suitable 
cladding material, are used for raising vegetable crops in high rainfall regions and 
are termed as net houses. Sides of these houses are made of wire mesh of different 
gauges. 

 

Fig. 8.4  Shade house/Lath house. 

8.5.2. Modern Techniques 

Hoop houses and tunnels 

Hoop houses, also known as tunnels, are passive solar greenhouses which extend 
production season of warm season crops by growing during winter. They are critical 
tools for fulfilling demand of vegetable crops and increasing profitability of 
vegetable farming enterprises. Moreover, these are best suited for growers with small 
landholdings because of 5-10 times higher yields of better quality and early 
production than open field cultivated crops (Abbasi et al. 2008). There are three 
different types of tunnels based on their height: 
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Low tunnels 

Low tunnels are iron, wire or PVC hoops which are covered with clear plastic or row 
covers and used with black plastic mulch and drip irrigation (Fig. 8.5A). The covers 
are generally placed for only 3-4 weeks and should be removed when first female 
flowers appear for ensuring maximum pollination. Low tunnels also protect crops 
from wind damage and extend the growing season. Once hoops are set, the plastic 
cover is put on with the plastic edges secured under the soil. 

During day time, when temperature rises to dangerous levels, proper ventilation 
should be ensured particularly for some sensitive crops such as tomato and pepper. 
Ventilation can be provided simply by placing slits in the plastic to allow the heat to 
escape or rolling up one side of the tunnel. An alternative system involves use of two 
narrower plastic sheets with a seam at peak of the hoops. This seam is secured by 
clothes pins, which can be removed to open the tunnel for ventilation. Another 
method is double hoop system, which makes use of two hoops with the plastic 
sandwiched between them. The sides of such tunnels can be raised and lowered as 
needed for ventilation because the edges of the plastic are not buried. 

Low tunnels are cheaper than high tunnels but crop yield is low. Moreover, cultural 
practices such as soil preparation, spraying, and picking are difficult in these tunnels. 
Cucumber, determinate tomatoes, peppers, melons, bitter gourds, squashes etc. can 
successfully be grown in these tunnels. 

 

 

Fig. 8.5 (A) Low tunnels, (B) walk-in tunnel, and (C&D) high tunnels. 

A B 

C D 
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Walk-in tunnels 

These are intermediate in height between low and high tunnels (Fig. 8.5B). Walk-in 
tunnels provide higher yields compared to low tunnels. These are best suited for 
growing tomatoes, cucumbers, sweet pepper and hot pepper and offer better crop 
management compared to low tunnels. 

High tunnels 

A high tunnel is of the tallest height hoop house among all types of tunnels covered 
with plastic and offer best management practices to be used for offseason protected 
production of vegetables and flower crops (Fig. 8.5C & D). Although these structures 
lack the precision of environmentally controlled greenhouse, these simple unheated 
greenhouses provide moderate air and soil temperatures and protect plants from wind 
and rain. They are useful for extending the growing season by early or late production 
of vegetables and flowers and are best suited for the winter production of various 
warm-season vegetable and flower crops. Tunnels may have a rounded Quonset 
shape or the peaked roof of a Gothic style high tunnel. Similarly, they may be a single 
stand-alone house or form multi-bay tunnels. Size of the tunnel varies according to 
the area and requirements of production system and range from 14 - 30 feet wide and 
30 - 96 feet long (Table 8.1). Frames made of metallic pipe, wood, or PVC, are used 
with one or two layers of greenhouse-grade polyethylene cover. Those covered with 
two layers of plastic have an air layer in between and offer better insulation and more 
cold protection. 

Table 8.1.  General specifications for high tunnels. 

Material specifications Pipe Steel (preferably zinc galvanized) 

Diameter 40 mm  

Length 6-7.5 m (20-25 ft)  

Thickness 1.6 mm  

Plastic 0.10 mm thick and 6 m (20 ft) wide  

Tunnel dimensions Height Center 3 m (10 ft), sides 1.95 m (6.5 ft) 

Width 9 m (30 ft) 

Length 57 m (190 ft)  

Tunnels per acre 15 per hectare (6 per acre)  

High tunnels do not have any external connections, except water supply for drip 
irrigation and fertilization. High tunnels also avoid certain insects and animal pests 
(such as birds). Lower level of insect-pests and diseases reduces the use of pesticide. 
Moreover, these can be used for several years to produce crops with minimal 
maintenance. High tunnel production improves crop growth, quality and yield than 
field grown plants and facilitates soil preparation, picking, spraying and other 
cultural practices due to their height and width and may also be used to intercrop or 
grow several crops in a tunnel at one time. High tunnels are most suited for growing 
tomatoes, cucumbers, sweet peppers, cut flower crops and potted plants. 
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Conventional greenhouse 

In recent years, use of greenhouses has increased tremendously throughout the world. 
However, for profitable greenhouse operation, several factors such as site of 
operation, cost of production, access to the local and export markets, possible threats 
to quality production in that area, management of greenhouse operations at minimum 
possible expense and availability of inputs should be considered. There are several 
kinds of greenhouses being used in different parts of the world for profitable 
horticultural crop production (Nelson 2007). 

Conventional greenhouses may be 100 feet long and 20 feet wide with aluminum, 
wooden, or galvanized steel frames (Fig. 8.6). Glazing or covering is of polyethylene, 
glass, or rigid clear plastic. These conventional greenhouses have the ability to 
completely control the environment for best quality plant production, being called 
controlled-environment agriculture (CEA) (Fig. 8.7).  

 

Fig. 8.6  Conventional greenhouses. 

 

Fig. 8.7 Conventional cool pad greenhouse. 
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These greenhouses have mechanical ventilation, heating/cooling system, artificial 
light and an irrigation system for applying liquid fertilizers. A monitoring device is 
essential to maintain the greenhouse conditions within the required range of the crops 
grown. Greenhouses may also have benches, plus various machinery and hand 
equipment to aid in the production and handling of the crops (Nelson 2007). 
Recently, modern multispan greenhouses are getting increasingly popular for mass 
production of ornamental plants for fulfilling demand of local and export markets 
(Fig. 8.8). 

Greenhouse conditions also favour the rapid buildup and spread of insects and 
diseases which should be carefully monitored to prevent their spread. Water aeration 
in the irrigation system can help to reduce water molds. Insect screening on the side 
walls may be necessary for some crops, if side wall ventilation is used. Pesticides 
must be applied properly and legally. Weed control under benches and around the 
greenhouse also help to reduce insect pests and disease problems. 

 

 

Fig. 8.8  Modern multispan greenhouse. 

A 

B 
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Energy efficient greenhouses 

Energy-saving greenhouses, also termed as solar greenhouses, are commonly used in 
Northern China. These are a modification of lean-to greenhouses, which have a back 
wall on northern side, and east and west gable walls for insulation for protection 
against wind and cold. Walls are constructed with thermal-prevention material and 
bricks and front roof has a transparent polyethylene sheet for interception of sunlight 
(Fig. 8.9).  

   

   

 

Fig. 8.9 Chinese energy efficient greenhouse. 

During night, this polyethylene sheet is covered with an insulating material, usually 
a rush mat, which is turned on in evening when temperature inside greenhouse goes 
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below 15°C and removed in the morning when the air temperature inside greenhouse 
rises enough. All greenhouses collect solar energy; however, the Chinese energy 
efficient solar greenhouses not only collect solar energy during sunny days but also 
store heat energy for later use at night or on cloudy days. These greenhouses are very 
effective for energy conservation; rate of conservation depends on heat energy 
capturing and conservation technology used in the greenhouse. These greenhouses 
have good thermal prevention properties are best suited for vegetable and flower 
production during winter. Moreover, these can be constructed with low cost 
compared to modern multi-span greenhouses and so would be best suited for 
Pakistani growers. However, these greenhouses would offer less land utilization ratio 
due to: (i) construction of 0.5-1.0 m thick wall for thermal preservation; (ii) 
requirement of a space between two greenhouses that is twice the height of the ridge 
of greenhouse; and (iii) comparative difficulty in environmental control under severe 
winter conditions and installation of modern facilities (Yaling 2008b). Solar energy 
efficient greenhouses differ from traditional greenhouses in following four ways: 

1) Solar greenhouses use walls to conserve solar heat and lower the loss of heat 
energy. 

2) These have more insulation in case of little or no sunlight available. 

3) These capture more heat during winter and spring because of having glazing 
oriented towards south. 

4) Mainly depend on natural ventilation for cooling purpose. 

Cold frames and hot beds 

Cold frames are similar to hoop houses for the structure and purpose except that a 
cold frame may be partially set into the ground, is not as tall as a hoop house, and 
may have a flat roof (Fig. 8.10). Cold frames have no heating or cooling systems. 
These are best suited for over-wintering plant materials or for starting hardy spring 
crops such as ornamental perennials early in the season. Cold frames may also be 
used to provide the necessary cold treatments to bulb crops. 

 

Fig. 8.10  Cold frames. 

Hot beds are the structures used to sow seeds and propagate cuttings during cold 
season. These may be operated using steam or electricity and their temperature may 
be adjusted as per need of the crop. Conventionally, hot beds have 45-60 cm 
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dimensions on all sides and consist of peat or any other substrate mixed with leaf 
manure. Temperature inside hotbeds is raised to 25°C, which is maintained for 2-3 
months to ensure successful propagation of the plants. 

Soilless culture 

Soilless culture refers to any method of growing plants without using soil as rooting 
medium and providing nutrients through irrigation water. Soilless production 
systems such as hydroponics and aeroponics are comparatively new advanced 
technologies of protected cultivation of horticultural crops (Gruda and Tanny 2015). 
Although, soil is still the prominent growing medium in Pakistan; however, 
continuous cropping in greenhouses and open fields results in various soil-borne 
diseases. There are several ways to control this problem such as by rotation, 
fumigation etc., but due to heavy investment on greenhouses, these structures cannot 
be used for growing low value crops. Production of high value crops require crop 
rotation if grown in same soil for several years. Therefore, use of soilless culture 
provides best option to gradually shift horticultural crop production to pathogen free 
culture, which also ensures higher yields of good quality (Fig. 8.11).  

(A) (B) 

Fig. 8.11  Soilless culture of (A) fruits, 
(B) vegetables, and (C) flowers. 

(C) 

There are several organic and inorganic substrates being used in the world for 
horticultural crop production. Commonly used materials include: peatmoss, coco 
coir, perlite, vermiculite, rockwool etc. (Savvas et al. 2013). Several other locally 
available materials such as rice hulls, wheat straw, sawdust, sugarcane pressmud or 
bagasse, corn cobs, fruit and vegetable waste, cotton waste etc., can also be used and 
many of these have been proved beneficial in different studies for vegetable and 
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flower production. Soilless cultivation is the safest and most effective alternative to 
chemical soil disinfection and therefore is getting popularity in protected cultivation 
in both modern, fully equipped glasshouses as well as simple polyhouses (Nelson 
2007). Soilless production offers numerous advantages such as safe alternative to 
chemical soil disinfection, absence of soil-borne pathogens, making use of non-
arable soils for cultivation, precise control of nutrition and irrigation, reduction in 
land preparation costs and higher yields with early crop production. Despite 
considerable advantages, soilless culture is quite expansive requiring high initial 
investments and requires technical skills for successful crop production (Savvas et 
al. 2013). There are several different types of soilless systems which can be used 
based on availability and suitability to the crop which is to be grown. These include 
hydroponics, aeroponics, bag culture and container culture. 

Hydroponics 

Growing of plants without soil refers to hydroponics. Plants may be grown in a 
nutrient solution (liquid culture) or supported by an inert medium (aggregate culture). 
In both systems, all nutritional requirements of plants are fulfilled through the 
irrigation water (Fig. 8.12).  

  

Fig. 8.12  Hydroponics vegetables 
production . 

 

Hydroponics is a highly specialized system that requires good production knowledge, 
technical skills, experience and financial investment than many other greenhouse 
systems. For successful hydroponic operation, grower must be committed to meet 
daily production demands. There are a number of different hydroponic systems that 
have been commercially successful for vegetable or flower production. Most 
common horticultural crops grown hydroponically include tomato, lettuce, 
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cucumber, bedding ornamental plants and foliage plants. Common hydroponic 
systems include: 

 Nutrient Film Technique (NFT): A hydroponic technique in which plants are raised 
in a very shallow water stream which contains all essential dissolved nutrients for 
optimum plant growth. This water stream passes along bare plant roots in small water 
channels and supplies all require nutrients. NFT system uses plastic, iron, or concrete 
troughs, which are built with slight slope to continuous supply and to pass on all 
solution quickly from the roots for oxygen supply to the plant roots (Fig. 8.13). In 
the troughs, the depth of nutrient film is usually very thin, 0.5-1.0 cm, hence termed 
as nutrient film, and flow rate and length of the channels determine the success of 
the system. Disadvantages of this system include low oxygen in nutrient solutions, 
inability to withstand unexpected power outage, high nitrates in plant tissues, and 
temperature fluctuations in nutrient solutions particularly during summer. This 
system is best suited for growing leafy vegetables such as lettuce and cut foliage 
crops. 

 

Fig. 8.13  Nutrient film technique. 

 Deep Flow Technique (DFT): This system involves hydroponic production using 
3-8 cm deep nutrient solution stream which runs through 10 cm diameter PVC pipes 
and plants are transplanted in these pipes after raising them using plastic net pots. 
Bottom of pots containing plants touch the nutrient solution flowing in the pipes, 
which may be arranged in several different ways depending on the type of crops 
being grown to increase the production per unit area (Fig. 8.14). Recirculation of 
nutrient solution provides aeration and flow rate should be managed by setting pipes 
at a slope. Moreover, painting of PVC pipe white would lower the increase in nutrient 
solution temperature. This system is preferable over NFT because it keeps 
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temperature and oxygen stable and is quite resistant to unexpected power failure. It 
is used for growing tomatoes, chilies, cucumber and cut flower crops. 

Fig. 8.14  Deep flow 
technique. 

 

 

Aeroponics 

Aeroponics refers to growing plants in air or mist environment without use of soil or 
an aggregate medium, termed as geoponics, when they are anchored in holes in 
Styrofoam panels (Fig. 8.15). The word "aeroponic" is derived from the Greek 
meanings of aero- (air) and ponos (labour). Aeroponic culture differs from 
conventional hydroponics, aquaponics, and in-vitro (plant tissue culture) production 
of horticultural crops. Aeroponics grows without growing substrate unlike 
hydroponics which uses a liquid nutrient solution as growing medium and essential 
mineral to sustain plant growth or aquaponics which uses water and fish waste. 
Because water is used in aeroponics to provide nutrients, it is sometimes considered 
a type of hydroponics. 
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Fig. 8.15 Aeroponic production model. 

The basic principle of aeroponic production is to raise plants suspended in a closed 
or semi-closed environment by spraying the plant's dangling roots with nutrient 
solution mist. Trellising is used to suspend the weight of plant foliage, flowers, and 
fruits. Misting is done every 2-3 minutes and continued for a few seconds so as to 
keep plant roots moist and nutrient solution aerated. This technique is used in 
protected structures for raising leaf vegetables such as spinach, lettuce etc. 

Major advantage of this technique is the efficient utilization of space by growing 
almost twice number of plants per unit area. Moreover, produce can be soil-free 
which reduce labour cost and improve product quality. Ideally, the environment is 
kept free from pests and diseases to grow healthier plants in shorter time than plants 
grown in a substrate. However, since most aeroponic environments are not perfectly 
closed off to the outside, pests and diseases may still cause a threat. This system is 
best suited for leafy greens such as lettuce, small fruits like strawberry, herbs like 
mint as well as for tomato and eggplant. 

 Bag culture  

Production of plants in UV resistant polythene bags, filled with any of sterilized 
soilless substrate such as peat or coco coir, refers to bag culture (Fig. 8.16). These 
bags may vary in size based on type of plants to be grown; however, commonly used 
bags are 6-10 cm high and 15-20 cm wide. The bags are generally placed horizontally 
in rows leaving walking space in between 1-2 rows. Bag culture is quite simple, 
require less substrate volume and bags can be readily removed in case of any 
infection. However, require more labour cost to fill the bags, if already filled bags 
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are not available in the market. Nursery crops, tomatoes, cucumber and chilies are 
successfully grown using bag cultures.     

 

Fig. 8.16  Bag culture. 

 Container culture  

Different PVC or polystyrene buckets or containers are used for growing 1–2 plants 
per container. For proper root development and plant growth, container depth is 
important. Deep containers may have higher ratio of air to water in the substrate. The 
depth of the container depends on crop, length of growing season and type of 
substrate. Usually > 20 cm deep containers are good. Plants are individually fed 
through drip irrigation system and containers are filled with coco coir or peat based 
substrates. Cut roses, gerberas, tomatoes, cucumbers etc. are successfully grown in 
containers. 

Vertical farming 

Vertical farming is a revolutionary approach for producing higher quantities of best 
quality produce throughout the year without relying on soil and other resources. It 
provides reliable and constant supplies of the produce to ensure regular market 
supply. It produces many folds more yield per unit floor area and up to 8 times more 
yield as compared to single level hydroponic or greenhouse installation. It also 
provides more crop rotation per annum compared to open field or other farming 
systems. Production cycles are also faster due to controlled environmental conditions 
in vertical farming systems. A wide range of vegetable crops such as lettuce, kale, 
spinach etc. and ornamental crops such as bedding plants, cut foliage crops and 
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seasonal flowers can be successfully raised in this system. It is also quite cost 
effective and provides optimum growth requirements for maximum yield with best 
quality (Fig. 8.17). 

 

 

Fig. 8.17  Vertical farming. 
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