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Abstract

India, with its diverse climatic conditions, faces significant challenges in traditional agriculture,
particularly concerning vegetable production. Protected environment structures, such as greenhouses,
polyhouses, and net houses, offer a viable solution to these challenges by creating controlled
environments conducive to vegetable growth. This review paper explores the prospects, benefits,
challenges, and future directions of protected environment structures in Indian agriculture, focusing on
their impact on vegetable production, economic viability, sustainability, and technological
advancements.

Keywords: Protected cultivation, greenhouses, polyhouses, agricultural productivity, sustainable
farming, climate resilience

Introduction

Indian agriculture is a critical sector that sustains the livelihood of millions and significantly
contributes to the country's GDP, accounting for approximately 18% as of 2020. However,
traditional farming methods face numerous challenges, including erratic weather patterns,
pest infestations, soil degradation, and the impacts of climate change. These issues often
result in inconsistent yields, poor quality produce, and economic instability for farmers. To
address these challenges and enhance agricultural productivity, innovative farming practices
and technologies are essential. Protected environment structures (PES) such as greenhouses,
polyhouses, and net houses represent a transformative approach to modern agriculture. These
structures create controlled environments that mitigate the risks associated with open-field
farming. By regulating factors such as temperature, humidity, light, and pest exposure, PES
can significantly enhance crop growth and productivity. For instance, studies have shown
that tomato yields in greenhouses can be three times higher than those in open fields (Singh
& Singh, 2009) M. The adoption of PES in India has shown promising results in terms of
increased yields and improved quality of produce. In Maharashtra, farmers using polyhouses
reported a 40% increase in income due to higher yields and better quality produce (Ministry
of Agriculture and Farmers Welfare). Crops grown in these environments tend to be healthier
and more resilient to adverse conditions, leading to higher market value and better returns for
farmers. Additionally, PES support the efficient use of resources such as water, fertilizers,
and pesticides. For example, water use efficiency in polyhouse cultivation of cucumbers was
found to be significantly higher than in open-field cultivation, reducing water usage by up to
50%. Despite the clear advantages, the implementation of PES comes with its own set of
challenges. High initial costs, the need for technical expertise, and infrastructure
requirements can be barriers to widespread adoption, particularly among smallholder
farmers. The cost of setting up a basic polyhouse can range from INR 700 to 1,400 per
square meter, which is a significant investment for many farmers. However, with
government support through subsidies, training programs, and financial assistance, these
obstacles can be mitigated. For example, the National Horticulture Board offers subsidies
covering up to 50% of the cost for setting up protected cultivation structures.

Main objective of the Paper

The main objective of this paper is to review and analyze the role of protected environment
structures (PES) in enhancing vegetable production in India.
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This includes examining the types, benefits, challenges, and
economic viability of PES, and understanding their impact
on productivity, quality, and sustainability in Indian
agriculture.

Types of protected environment structures

Greenhouses

Greenhouses are fully enclosed structures made of glass or
plastic designed to create a controlled environment for
vegetable cultivation. These structures provide a high level
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of climate control, allowing for the regulation of
temperature, humidity, light, and CO2 levels, which
significantly enhances productivity and the quality of
produce. Greenhouses enable year-round cultivation of
high-value crops and offer substantial protection against
adverse weather conditions, pests, and diseases. However,
the high initial investment, energy consumption, and
requirement for skilled management present challenges for
widespread adoption, particularly among smallholder

farmers.
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Fig 1: Greenhouses
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Polyhouses

Polyhouses, often considered a cost-effective alternative to
greenhouses, utilize polyethylene sheets for covering. They
offer moderate climate control, protecting crops from
excessive heat, cold, and wind. Polyhouses improve yield
and quality of produce compared to open-field cultivation

and are relatively easier and cheaper to construct and
maintain than greenhouses. However, they provide less
precise environmental control and still require a level of
technical knowledge to manage effectively. The
polyethylene sheets also need periodic replacement, adding
to the maintenance cost.
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Fig 2: Polyhouses

Net Houses

Net houses use mesh or netting to protect crops from pests,
birds, and excessive sunlight while allowing natural air
circulation. These structures are particularly effective in
reducing insect damage and are less expensive to construct
and maintain compared to greenhouses and polyhouses.
While net houses improve the growing conditions compared
to open fields, they offer limited climate control and
protection from extreme weather events. The benefits are
mainly restricted to pest reduction, with moderate
improvements in yield and quality.

Tunnel Houses

Tunnel houses, also known as high tunnels or hoop houses,
are semi-circular structures covered with plastic or other
materials. They provide partial climate control and protect
crops from wind, rain, and moderate temperature variations.
Tunnel houses are relatively low-cost, easy to construct, and
suitable for a wide range of crops. However, their climate
control capabilities are limited compared to greenhouses and
polyhouses, and they offer less durability. They are more
suited for seasonal extension rather than full-year
cultivation.

Shade Houses
Shade houses are structures covered with shading material
that reduces the amount of sunlight reaching the plants.

These structures are designed to provide partial shade,
reducing heat stress on crops and conserving water by
minimizing evaporation. Shade houses are particularly
suitable for shade-loving plants and are relatively low-cost
to construct and maintain. However, they offer limited
protection from pests and diseases and do not provide full
climate control, restricting their use to specific crop types
and environmental conditions.

Walk-In Tunnels

Walk-in tunnels are small, portable structures made of
plastic or netting used primarily for row crops. They provide
minimal climate control and are designed for easy
management and accessibility. Walk-in tunnels are very
low-cost, simple to install, and suitable for small-scale
farming operations. They offer basic protection against
adverse weather and pests but do not significantly improve
yield or quality. Their limited durability and minimal
protective capabilities make them a temporary solution for
enhancing open-field cultivation.

Benefits of protected environment structures

Protected environment structures (PES) provide a range of
benefits that address the challenges faced in traditional
agriculture, particularly in regions with diverse and often
harsh climatic conditions like India. These structures
significantly increase vegetable yields by creating optimal
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growing conditions, reducing crop stress, extending the
growing season, and enabling multiple crop cycles within a
year. Studies have shown that crops grown in greenhouses
can yield up to three times more than those in open fields
(Singh & Singh, 2019). The controlled environment of PES
leads to superior quality produce in terms of size, color,
taste, and nutritional value. Research by Kumar et al. (2020)
found that tomatoes grown in polyhouses had higher
nutrient content and better market prices compared to those
grown in traditional settings.

By protecting crops from adverse weather conditions such
as extreme heat, cold, heavy rains, and strong winds, PES
enhance climate resilience and ensure stable, consistent
production. PES optimize the use of water, fertilizers, and
pesticides through precision irrigation systems like drip or
hydroponics, reducing water wastage and minimizing
environmental contamination. For instance, a study by Rao
and Patel demonstrated that water use efficiency in
polyhouse cultivation of cucumbers was significantly higher
than in open-field cultivation.

The enclosed environment limits the entry of pests and
pathogens, reducing the incidence of infestations and
diseases, which lowers the need for chemical pesticides and
leads to safer, more sustainable farming practices. Despite
the high initial investment, PES can be economically viable
due to increased yield and quality of produce, leading to
better returns on investment through higher market prices
and reduced losses from pests and adverse weather.
Government subsidies and financial support can further
enhance economic viability. For example, the Ministry of
Agriculture and Farmers Welfare reported that farmers
using PES in Maharashtra experienced a 40% increase in
income.

PES allow for year-round cultivation by mitigating seasonal
variations, enabling farmers to grow off-season crops and
meet market demand when prices are higher, contributing to
a more stable income. The implementation of PES
encourages the adoption of advanced agricultural
technologies such as automated climate control systems,
sensors, and 0T devices, enhancing the efficiency and
precision of farming operations and reducing labor costs. A
case study from Punjab showed that incorporating loT in
greenhouse management led to a 20% increase in
productivity.

PES support sustainable farming by reducing the
environmental footprint of agriculture through efficient
resource use, reduced chemical inputs, and minimized soil
degradation, contributing to the long-term sustainability of
agricultural practices and facilitating the adoption of organic
farming methods. The increased productivity and
profitability from PES can improve the livelihoods of
farmers, leading to better living standards and contributing
to rural development. PES also provide opportunities for
employment and skill development in agricultural
communities. They are adaptable to a wide range of
vegetable crops and other high-value crops such as flowers
and herbs, allowing farmers to diversify their production
and reduce risks associated with monocropping.

Conclusion

Protected environment structures (PES) play a crucial role
in transforming Indian agriculture by providing a solution to
many challenges posed by traditional farming methods. By
creating controlled environments, PES enhance the
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productivity, quality, and sustainability of vegetable
cultivation. These structures offer significant benefits,
including increased vyields, superior produce quality, and
resilience against adverse weather conditions and pests.
Studies have demonstrated the economic viability of PES,
showing that despite high initial costs, the long-term gains
in productivity and quality lead to better returns on
investment. Moreover, PES promote the efficient use of
resources, reducing water and chemical inputs, and support
the adoption of advanced technologies like loT and
automation, which further improve farming efficiency and
reduce labour costs. The environmental benefits of PES,
such as reduced pesticide use and minimized soil
degradation, contribute to more sustainable farming
practices. Additionally, the economic upliftment of farmers
through higher incomes and the creation of employment
opportunities in rural areas further underscores the
importance of PES in the agricultural landscape of India.
While challenges such as high initial investments, the need
for technical expertise, and infrastructure limitations exist,
government support through subsidies and training
programs can facilitate the wider adoption of PES. As the
agricultural sector continues to face climate-related
uncertainties, PES offer a resilient and sustainable approach
to securing food production and enhancing farmer
livelihoods. With ongoing advancements in technology and
supportive policy frameworks, protected environment
structures are poised to play an increasingly vital role in the
future of Indian agriculture, ensuring food security and
economic stability.
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