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INTRODUCTION 

Vegetables are an integral component of the diet of human 

beings, providing the essential nutrients, fibre, vitamins (like 

A, C, K), and minerals (like iron, calcium, potassium) 

required for health and protection. Yet the growth and supply 

of vegetables are season-based, which leads to supply 

fluctuations, price instability, and eventually nutritional 

insecurity for the consumer. Besides, farmers lose money 

because of market oversupply during peak seasons and 

restricted production during off-seasons. 

Off-season vegetable production has come to the 

rescue in order to mitigate this problem. It is a technique of 

producing vegetables beyond their natural season of growth, 

usually through the manipulation of microclimatic 

conditions. Protective cultivation technologies, including 

greenhouses, polyhouses, shade nets, and low tunnels, offer a 

protected environment that keeps crops safe from 

unfavorable climatic conditions and pest attacks. This not 

only allows vegetables to be grown throughout the year but 

also increases yield, quality, and profitability. Incorporating 

protected cultivation in farming systems is a sustainable 

method for enhancing livelihoods, food and nutritional 

security, and consistency in meeting market requirements. 

What is Protected Cultivation? 

Protected cultivation is a novel farming practice, wherein 

crops are cultivated in a microclimate-controlled 

environment to maximize plant growth and productivity by 

reducing external climatic stresses. It makes use of 

specialized structures like greenhouses, polyhouses, shade 

nets, insect-proof net houses, and low/high tunnels to protect 

crops from adverse environmental conditions while 

providing for minute regulation of critical factors of growth. 

These protective structures form a screen between the 

outside climate and the environment of the crop, allowing the 

farmer to control factors like temperature, humidity, light 

intensity, soil water, air movement, and concentration of 

carbon dioxide (CO₂). This method is very useful for the 

production of high-value vegetables, fruits, flowers, and 

seedlings in areas with unstable weather, short growing 

seasons, or poor soils. 

  

 

 

 

 

 

 

Article History 

Received: 24. 07.2025 
Revised: 28. 07.2025   
Accepted: 01. 08.2025 

 

This article is published under the 

terms of the Creative Commons 

Attribution License 4.0. 

 

 

*Corresponding Author  

Samsher Bahadur Singh* 

 

 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


 

 

Copyright © August, 2025; Current Agriculture Trends                                                               11 

 

Requirement for Off-Season Vegetable 

Production 

The conventional growing of vegetables is 

usually constrained by seasonal and climate 

factors, resulting in seasonal fluctuations in 

supply and price in the market. This results in 

multiple gaps in availability, nutrition, and 

profitability. Off-season vegetable growing has 

become a vital approach to counter these issues 

and address the increasing needs of consumers 

and markets in a sustainable manner. The most 

important reasons that emphasize the necessity of 

encouraging off-season vegetable farming are: 

1. Premium Prices and Market Demand 

 Scarcity Creates Value: In the off-season, 

the market has a lower supply of vegetables 

because of poor weather conditions, and 

hence it has a high demand for fresh 

vegetables. 

 Improved Profit Margins: Off-season 

vegetables command very high prices, 

which provide farmers with a competitive 

advantage and the ability to gain premium 

returns on their crops. 

 Urban and Export Markets: Owing to 

urbanization and the health-conscious nature 

of consumers, demand for fresh vegetables 

round the year particularly in urban cities, 

hotels, and exports has grown many fold. 

 Price Stabilization: Off-season supply on a 

regular basis can go a long way to minimize 

price fluctuations and take care of the 

consumer's needs steadily. 

Major Crops with Potential for Off-Season 

Production in Covered Structures 

Off-season production of vegetables in protected 

conditions is especially suited for high-value, 

short-season, and perishable vegetables. Crop 

selection is based on market demand, climatic 

suitability, and structure type. Following is a 

grouped account of the important vegetable crops 

usually produced off-season under various 

covered structures: 

1. Cucurbits 

These vegetables are thermophilic in nature and 

strongly sensitive to controlled conditions, 

particularly in late winter or early spring. 

 Bitter Gourd (Momordica charantia) – 

Cultivated successfully in net houses or low 

tunnels for early production. 

 Bottle Gourd (Lagenaria siceraria) – Has 

better growth in low tunnels or walk-in 

tunnels in late winter and early summer. 

 Cucumber (Cucumis sativus) – Particularly 

the European varieties, grow best in 

polyhouses with trellis systems. 

 Ridge Gourd (Luffa acutangula) – Suits 

walk-in tunnels to prevent humidity 

sickness. 

 Muskmelon (Cucumis melo) – Cultivated in 

low tunnels to provide early fruiting ahead 

of the summer overproduction. 

2. Solanaceous Crops 

These crops are greatly benefited by controlled 

temperature and humidity. 

 Tomato (Solanum lycopersicum) – One of 

the most lucrative greenhouse crops, well 

suited for all-round production throughout 

the year. 

 Capsicum/Bell Pepper (Capsicum annuum) 

– Grows best in polyhouse conditions since 

it is prone to temperature fluctuations. 

 Chili (Capsicum spp.) – Can be grown early 

or pushed through beyond normal seasons in 

net houses. 

 Brinjal (Eggplant) (Solanum melongena) – 

Tolerates insect-proof structures to prevent 

shoot and fruit borer infestation. 

3. Leafy Vegetables 

These crops possess shorter duration of growth 

and lower light requirement, thus are best suited 

for covered systems. 

Spinach (Spinacia oleracea) – Well-suited for 

hydroponics or shade net houses. 

Lettuce (Lactuca sativa) – Optimum temperature 

preference is low; it thrives in greenhouses or 

NFT hydroponics. 

Fenugreek (Trigonella foenum-graecum) – Fast-

growing; grown off-season in shade net houses 

for home markets. 

4. Leguminous Vegetables 

These nitrogen-fixing crops value the cropping 

system and do well in off-seasons. 

 French Bean (Phaseolus vulgaris) – 

Sensitive to temperatures; thrives in walk-

in tunnels or shade nets during hot months. 

 Cowpea (Vigna unguiculata) – Heat and 

drought tolerant, best suited for net house 

culture during off-season. 

Types of Protected Cultivation Structures 

Protected cultivation involves an array of 

structural systems that facilitate crop 

development under altered environmental 

conditions. Every structure type is utilized for a 

particular purpose, in accordance with crop 

requirements, season, and investment level. The 
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principal types of protected cultivation structures 

are outlined below: 

1. Greenhouse / Polyhouse 

A polyhouse or a greenhouse is a framed 

building with transparent or semi-transparent 

covers such as polyethylene film or 

polycarbonate sheets that permit sunlight to enter 

but regulate the internal temperature and 

humidity. These types of structures are well 

appropriate for the growth of high-valued crops 

like capsicum, tomato, cucumber, exotic 

vegetables, and flowers. Fitted with irrigation 

systems, ventilation, heating, and occasionally 

automation, polyhouses allow for complete 

environmental control, with the ability to 

cultivate crops throughout the year irrespective 

of the prevailing external weather. Such 

structures are best suited for commercial and 

export-oriented agriculture. 

2. Shade Net House 

A shade net house is a covering structure made 

of synthetic netting material, usually in varying 

intensities of shading (30%, 50%, 75%), based 

on crop requirement. This type of structure is 

mainly utilized to harden seedlings grown in 

nurseries, propagate ornamentals, and grow 

semi-shade-tolerant or shade-loving vegetables 

such as leafy greens and herbs. Shade net house 

prevents excessive light intensification, wind 

breakage, heat stress reduction, and 

evapotranspiration minimization, thus assuring 

improved plant growth during scorching summer 

weather. It is quite cost-effective and applicable 

for small- and medium-scale farmers. 

3. Low Tunnels (Plastic Tunnels) 

Low tunnels are small, arc-shaped covers 

produced by bending flexible rods or tubes and 

covering them with transparent plastic sheets. 

These are inexpensive means of early-season 

production of cucurbits such as muskmelon, 

bottle gourd, and cucumber. Plastic covering 

traps solar heat by creating a greenhouse effect, 

thereby shielding young seedlings from cold, 

frost, or excess rain in late winter or early spring. 

Low tunnels are commonly employed by 

smallholder farmers to bring forward crop 

maturity, secure early market advantage, and 

generate more income. 

4. Walk-In Tunnels 

Walk-in tunnels are of medium size, typically 6–

8 feet in height, with sufficient space for farm 

workers to walk and perform activities like 

pruning, harvesting, and trellising within the 

tunnel. They create a semi-controlled growing 

space and are particularly useful for crops like 

tomato, chili, French bean, and gourds. These 

houses facilitate early planting, prevent crop 

exposure to rapid changes in weather, and 

enhance general crop yield and quality. Walk-in 

tunnels are more manageable and maintainable 

than complete climate-controlled greenhouses, 

providing a cost-effective option for marginal 

and small farmers. 

5. Insect-Proof Net Houses 

Insect-proof net houses are buildings covered 

with fine-mesh nets (typically 40–60 mesh) to 

exclude the entry of insect pests like whiteflies, 

aphids, and fruit borers. These houses are very 

useful for the cultivation of crops like brinjal, 

okra, chili, and leafy vegetables that are very 

sensitive to insect-transmitted viral diseases. 

Through physical pest exclusion, these net 

houses minimize chemical pesticide usage, thus 

encouraging eco-friendly, residue-free vegetable 

cultivation. Insect-proof net houses also enhance 

plant health and efficiency, making them well-

suited for organic and IPM (Integrated Pest 

Management) systems. 

Major Practices in Protected Off-Season 

Vegetable Production 

Successful off-season protected vegetable 

production involves a blend of environment 

management, crop knowledge, and good 

agronomic practices. The following are major 

practices responsible for maximum yield, 

premium quality, and sustainable production 

under regulated conditions: 

1. Selection of Appropriate Varieties and 

Hybrids 

The initial and most crucial step in protected 

cultivation is selection of crop varieties or 

hybrids that are suitable for controlled 

environments. These varieties must have 

characters like tolerance to high humidity, fitness 

to low or diffused light levels, and resistance to 

prevalent diseases and pests. For instance, 

indeterminate tomato and pigmented capsicum 

hybrids with healthy fruit set under greenhouse 

conditions are desirable. The cultivar selection 

also takes into consideration the season, market 

demand, and the planned duration of planting. 

2. Soil Sterilization or Media Disinfection 

To avoid the development of soil-borne diseases 

like damping-off, Fusarium wilt, and nematode 

infestations, soil sterilization is an indispensable 

practice prior to planting. This may be practiced 

by solarization (plastic mulching with clear 

polythene over moist soil for 4–6 weeks during 
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summer), formalin or biological agent 

applications (such as Trichoderma harzianum), 

or steam sterilization in high-tech operations. In 

hydroponic or soilless cultures, the growing 

medium (such as cocopeat, perlite) must be 

disinfected prior to reuse. 

3. Effective Water and Nutrient Management 

through Drip Irrigation and Fertigation 

Drip irrigation is crucial for protected cultivation 

because it supplies water to the root zone 

directly, reduces evaporation loss, and keeps the 

soil with optimal moisture. When integrated with 

fertigation units, water-soluble nutrients can be 

supplied in exact amounts based on crop growth 

stage and nutrient need. It increases the 

efficiency of nutrient use, lowers leaching loss, 

and provides even growth of crops. Regular 

monitoring of EC and pH is suggested to ensure 

balanced nutrient solutions. 

4. Pest and Disease Management through 

Integrated Pest Management (IPM) 

Closed spaces have the potential to develop pests 

quickly if not checked properly. Hence, IPM 

methods need to be implemented, such as: 

 Fitting yellow and blue sticky traps to keep 

a check on and manage flying pests such as 

whiteflies and thrips. 

 Implementation of biological control agents 

like Trichogramma, Beauveria bassiana, 

and Neem-based extracts. 

 Sanitation within the building, e.g., removal 

of plant waste and prevention of 

waterlogging. 

 Employing insect-proof netting and physical 

barriers to keep pests out. 

 These eco-friendly approaches minimize 

pesticide residues and encourage safer 

vegetable cultivation. 

5. Crop Rotation and Soil Health 

Management 

Monocropping continuously in protected 

environments can cause a buildup of soil-borne 

diseases and nutrient deficiencies. Crop rotation 

with non-host or leguminous crops to cut across 

pest and disease cycles should be practiced to 

prevent this. Further, the use of organic 

amendments such as vermicompost, neem cake, 

and biofertilizers (e.g., Azospirillum, 

Phosphobacteria) maintains soil microbial 

activity, improves soil health, and enhances long-

term yields. 

6. Training and Pruning for Improved 

Canopy Management 

Training and pruning are critical cultural 

practices in indeterminate crops like tomato, 

capsicum, and cucumber. Plants are commonly 

trained on trellis or vertical strings to promote 

upright growth, ensure air circulation, and 

enhance light interception. Regular pruning of 

side shoots (suckers) and excessive foliage 

induces energy toward fruiting, minimizes 

disease, and supports wanted plant architecture. 

Removing lower leaves also enhances hygiene 

and harvesting convenience on time. 

Advantages of Protected Off-Season 

Production 

Protected off-season production of vegetables 

has several agronomic, economic, and 

environmental advantages. It enables producers 

to cross seasonal constraints and gain more 

control over crop performance. The major 

advantages are listed below: 

1. Ensures Higher Productivity and Better 

Quality of Vegetables 

Under controlled conditions, crops are cultivated 

in a well-managed environment where 

temperature, humidity, light, and other 

conditions are optimized. This leads to much 

larger per-unit-area yields than in open-field 

production. In addition, the vegetables grown are 

of uniform size, shape, color, and texture and are, 

therefore, more appealing to consumers and for 

high-end markets, including export. 

2. Minimizes Pesticide Application, 

Encouraging Environmental-Friendly 

Farming 

Covered structures like greenhouses and insect-

proof net houses provide physical barriers to 

insect pests and disease-causing organisms. 

Therefore, the application of chemical pesticides 

is significantly minimized. This leads to residue-

free and safe produce, better environmental 

quality, and complies with organic and 

sustainable agriculture practices. Integrated Pest 

Management (IPM) is also more efficient and 

easier to adopt in covered conditions. 

3. Extends the Growing Season, Enabling 

Multiple Crops per Year 

One of the strongest benefits of protected 

cultivation is the possibility to produce crops 

outside their natural season. Through 

microclimate control, farmers can use early 

planting or extend production past the regular 

harvest time. This makes them able to cultivate 

two or even three crops in a year, optimizing 
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land use and profits. Getting to market early also 

assists in gaining premium prices because of the 

lack of competition. 

4. Reduces Post-Harvest Losses Through 

Early Harvesting 

Protected cultivation provides more control over 

the timing of harvest, and farmers can harvest 

vegetables at optimal maturity without risk of 

unseasonal weather conditions like rain, hail, or 

frost. Because the produce is cultivated in a 

sanitary and protected environment, handling and 

harvesting damage is reduced, leading to very 

low post-harvest losses. Also, more effective 

planning of harvest schedules makes marketing 

efficient with less storage required. 

5. Increases Efficiency in Resource Utilization 

(Water, Nutrients, Space) 

Covered off-season production generally 

employs drip irrigation and fertigation systems, 

which supply water and nutrients to the root zone 

in controlled amounts. This ensures maximum 

efficiency of use of inputs with little loss or 

environmental spillage. The vertical training of 

plants also maximizes space utilization, so the 

systems are particularly useful in land-shortage 

or urban situations. Generally, this results in 

reduced input costs and increased returns. 

Challenges in Off-Season Vegetable 

Production under Protected Cultivation 

Though potential, off-season vegetable 

production with protected cultivation is not 

without obstacles. Various challenges need to be 

overcome for its widespread success: 

1. High Initial Investment for Construction 

and Technology 

One of the major constraints is the exorbitant 

cost of capital involved in establishing protected 

structures such as polyhouses, greenhouses, and 

climatic control systems. This involves not only 

the cost of establishment but also investments for 

irrigation systems, planting material, and 

automation, which can be out of reach for 

marginal and small farmers in the absence of 

financial support. 

2. Need for Technical Knowledge and 

Expertise 

There is a greater demand for technical skills 

under protected cultivation compared to open-

field cultivation. Microclimate management, 

schedule of fertigation, pest and disease 

dynamics, and techniques of crop training have 

to be known by farmers. These structures can be 

poorly managed and give submaximum returns if 

proper training and handholding are lacking. 

3. Possibility of Pest and Disease Outbreak 

Under High Humidity 

While protected structures minimize exposure to 

outdoor biotic stresses, they may also foster the 

development of pests and diseases, particularly 

under conditions of high humidity and 

inadequate ventilation. In the absence of proper 

management, such outbreaks may occur with a 

high rate of spread as a result of the enclosed 

environment, resulting in huge losses of crops. 

4. Poor Market Linkages and Rural Post-

Harvest Infrastructure 

There are many farmers who do not get better 

markets mainly because of the absence of 

adequate infrastructure for cold storage, 

transportation, and value addition. Without 

organized marketing systems, growers most 

often rely on middlemen, which cuts their profit 

margin significantly. In addition, lack of market 

intelligence and aggregation mechanism restrict 

their efforts to take full advantage of the price 

premiums for off-season produce. 

Action Plan: Promotion of Protected 

Cultivation End 

In order to overcome such challenges and to 

achieve the complete potential of protected off-

season vegetable growth, a coordinated and 

integrative effort is needed. Major strategies 

include: 

1. Subsidies and Financial Support to Farmers 

under Government Schemes 

Government programs such as the Mission for 

Integrated Development of Horticulture (MIDH) 

and the National Horticulture Mission (NHM) 

offer subsidies to build covered structures. 

Increasing awareness and facilitating early access 

to these schemes can decrease the financial 

impact on farmers and promote increased 

adoption. 

2. Training and Capacity Building Programs 

to Improve Farmer Competencies 

Conducting periodic training programs, 

workshops, and exposure visits is crucial in order 

to provide farmers with technical expertise 

essential for the effective management of 

protected cultivation systems. Agricultural 

universities, Krishi Vigyan Kendras (KVKs), and 

extension departments have to undertake the 

central role in this capacity building. 

3. Development of Low-Cost Protected 

Structures for Varied Agro-Climatic Zones 

Institutions for research and innovators must 

concentrate on developing cost-efficient, 

modular, and locally accessible sheltered 
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structures for various geographies. Utilization of 

locally sourced materials and uncomplicated 

designs can render these technologies accessible 

to smallholder farmers under diverse climatic 

regimes. 

4. Public-Private Partnerships (PPP) to 

Increase Adoption 

Joint initiatives by government departments, 

private sector firms, agri-tech ventures, and civil 

society organizations can establish viable 

business models that provide farmers with access 

to inputs, technology, finance, advisory services, 

and market connections. These partnerships can 

expedite the scaling up of protected cultivation in 

India. 

5. Creation of Cluster-Based Approach and 

Farmer Producer Organizations (FPOs) 

Incentivizing farmers to organize FPOs and 

clusters can facilitate economies of scale in the 

procurement of inputs, production, aggregation, 

and marketing. Cluster development provides 

greater access to infrastructure, credit, processing 

facilities, and common facilities, and farmers can 

negotiate better prices and lower their costs. 

 

CONCLUSION 

Off-season vegetable production by protected 

cultivation is a revolutionary strategy for new-

age, robust, and profitable agriculture in India. 

Overcoming climatic limitations, it helps farmers 

to provide year-round supply of high-value and 

quality vegetables and gain access to premium 

markets off-season. With proper technological 

inputs, government intervention, institutional 

support, and robust market integration 

mechanisms, protected cultivation can transform 

India's vegetable industry. It presents a 

sustainable means of boosting the income of 

farmers, enhancing nutritional security, 

generating employment in the rural areas, and 

augmenting agricultural exports, thereby 

contributing significantly to the country's 

economic and food system revolution. 
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