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Thermal Walls and Micronutrient Corridors: A CSR-Financed Low-Cost Protected Cultivation Framework for Nutritional Food Security in Arid India
Driving west from Udaipur past the Aravalli Range, the landscape transforms completely. The scrubland of the hills disappears as the ground turns dry and pale, giving way to the sandy plains of the Thar Desert. My father grew up in Udaipur, and he distinctly remembers taking trips to nearby villages as a student, digging wells by hand because the communities had no reliable drinking water or irrigation for their crops. There were times in the most arid zones where they found nothing at all. If water finally appeared, the villagers’ reactions were memories that have never left him: grown adults crying out with relief, knowing that, finally, they could grow food. Now, thirty years later, communities that gained access to water continue to survive, while those without it have been abandoned entirely.  
That image stays with me. Although this paper examines polyhouses and corporate policy, it is ultimately about what happens to a family when the most basic agricultural inputs like water, heat protection, and market access are absent, and what practical, financeable solutions might support the smallholders still living in that landscape today. India produces enough food to feed itself, yet in the Thar Desert and surrounding arid zones of Rajasthan and Gujarat, covering roughly 12 percent of India's geographic area, food insecurity persists in the form of nutritional collapse (Indian Council of Agricultural Research-Central Arid Zone Research Institute [ICAR-CAZRI], n.d.). This paper argues that Low-Cost Protected Cultivation (LCPC), financed through India's corporate social responsibility (CSR) mandate and governed by farmer-owned cooperatives, offers the most viable path to reversing that collapse. 
India is home to 1.44 billion people, with approximately 65 percent living in rural areas (World Bank, 2023). Nationally, an estimated 9.8 percent of the population is undernourished, but the burden is sharply concentrated in arid districts and among low-income populations (FAO et al., 2026). In Rajasthan, India's largest state by area, the majority of the rural population depends on rain-fed smallholder agriculture. Smallholder and marginal farmers, defined as producers who cultivate crops and hold less than 2 hectares of land, account for over 86 percent of all farmers (Bisht et al., 2020). Roughly 40 percent of Rajasthan's land area is classified as arid or hyper-arid, and annual rainfall across the Thar belt averages below 350 mm, less than half of what most vegetable crops require for open-field cultivation (India Meteorological Department [IMD], 2022).  
A typical family farm in this region consists of five to six members (International Institute for Population Sciences [IIPS] & ICF, 2021). The primary earner cultivates pearl millet under rain-fed conditions, with an average total cost of cultivation of approximately Rs 13,955 per hectare and gross income of Rs 33,647 per hectare, yields that remain highly volatile and insufficient for sustaining consistent household income due to drought years (Kumar & Singh, 2023). Women often supplement income through livestock (Singh et al., 2026), but fodder availability collapses during drought years, forcing distress sales. The family diet consists primarily of bajra roti (millet flatbread), dal, and seasonal vegetables or just onions when available (IIPS & ICF, 2021). Fresh vegetables like capsicum, tomato, and leafy greens are rarely consumed because they must be imported from distant states, arriving at prices that families cannot consistently afford. Access to healthcare is limited to government primary health centers, which may be 20 to 40 kilometers away, accessible only on unpaved roads. Drinking water, as my father's generation knew firsthand, requires deep wells or government tankers during dry seasons. 
The National Family Health Survey-5 (NFHS-5, 2019–2021) documents the severity of nutritional failure in these communities (IIPS & ICF, 2021). In Rajasthan, 71.5 percent of children aged 6 to 59 months are anemic. Nationally, 57 percent of women aged 15 to 49 live with anemia, a figure that has risen since the previous survey cycle. In underdeveloped districts, many concentrated in arid regions, over 61 percent of women of reproductive age are anemic, and more than 60 percent of those districts saw their anemia burden increase between 2015 and 2021 (Let et al., 2024). Generations of children face stunted cognitive development, and women experience elevated risks during pregnancy. 
Arid-zone farmers, frequently facing temperatures above 45°C and annual rainfall below 350 mm, are largely limited to low-value, rain-fed crops like bajra and mustard (IMD, 2022). While millet contains meaningful iron content, the iron is non-heme and poorly absorbed without vitamin C from fresh vegetables. Additionally, rain-fed cereal-pulse diets lack adequate vitamin A and diversity, both of which are necessary for sustained anemia prevention. Two commonly proposed interventions have their limitations. First, drip irrigation addresses water efficiency but not thermal stress. Once air temperatures exceed 40°C, most vegetable crops reach the permanent wilting point regardless of soil moisture (Prakash et al., 2020). Additionally, the Jevons Paradox applies: improving the efficiency of a resource's use can lead to greater total consumption of that resource instead of less without proper aquifer governance. The second intervention, capital-intensive climate-controlled greenhouses, offers thermal control but is priced between Rs 35 and Rs 75 lakh (one lakh = 100,000 rupees) per hectare, with payback periods of 8 to 12 years, restricting access to farmers who already have asset wealth or credit relationships (Pachiyappan et al., 2022). The typical arid-zone family farm has neither. 
The gap between drip irrigation and high-tech greenhouses is addressed by Low-Cost Protected Cultivation (LCPC): affordable, low-tech farming structures that protect crops from extreme weather without automated climate control. One common and cost-effective form is the naturally ventilated polyhouse, a greenhouse-like structure made of galvanized steel or bamboo and covered with UV-stabilized polyethylene film. Unlike climate-controlled greenhouses, it requires no electricity or mechanical cooling. Roll-up side walls and roof vents provide natural airflow, while the plastic covering deflects daytime solar radiation and retains warmth at night. Insect-proof netting over the vents limits pest entry without pesticides. By moderating internal temperatures by 8–12°C, protecting crops against desiccating winds, and enabling year-round cultivation of capsicum, cucumber, tomato, and spinach, these structures can improve both agricultural resilience and access to iron and vitamin A (Pachiyappan et al., 2022). 
ICAR-IIVR field demonstrations confirm that capsicum cultivation in a 0.25-acre polyhouse under technical guidance yields net income of approximately Rs 1.27 lakh over a seven-month crop cycle, compared to roughly Rs 40,000 annually from rain-fed bajra on a comparable plot (Indian Council of Agricultural Research–Indian Institute of Vegetable Research [ICAR-IIVR], 2022). Sensor-based drip irrigation, included from the outset, helps to guard against Jevons Paradox and ensures that water savings lead to conservation, as FPO governance limits the irrigated footprint per unit. Additionally, this paper recommends a ten percent allocation within each unit to hydroponic green fodder production, which removes dependency on expensive imported fodder during droughts and stabilizes dairy income year-round.
Neighboring countries facing similar arid agriculture challenges offer instructive precedent. Pakistan's Balochistan province has piloted low-cost tunnel farming with government subsidy support, achieving some income improvements for smallholders, though results have been inconsistent due to financing and technical gaps (Balochistan Board of Investment and Trade, 2024). Within India, a recent study of smallholders in the arid zone of the Pali district, Rajasthan, found that FPO membership was associated with significantly higher adoption of improved irrigation, crop diversification, and soil moisture conservation, as well as stronger access to extension services, market linkages, and credit compared to non-FPO farmers operating under identical agro-climatic conditions (Singh et al., 2026). Together, these findings suggest that the underlying technology works, leaving financing and governance as major constraints.
India's Companies Act, 2013 mandates that firms above a prescribed revenue threshold allocate 2 percent of average net profit to eligible CSR activities, with agriculture, rural development, and public health all qualifying, making India the first country in the world to legally require corporate CSR spending (Bhagawan & Mukhopadhyay, 2018). The framework proposed here structures CSR as a phased financing instrument.
A standard 500-square-meter polyhouse unit costs approximately Rs 2.5–3 lakh ($2,612–$3,134 USD at approximately Rs 95.5/USD), of which existing government subsidies under the National Horticulture Mission can cover 40 to 50 percent (Pachiyappan et al., 2022; Ministry of Agriculture and Farmers Welfare, 2025). CSR financing bridges the remaining viability gap, reducing the farmer's upfront contribution to near zero. This framework operates in three phases:
In Phase 1 (Years 0–1), CSR funds provide 50 percent viability gap financing to a Farmer-Producer Organization (FPO), a legally incorporated cooperative structure established under India's Companies Act, aggregating 20 to 30 family farms. This grant covers polyhouse materials, sensor-irrigation infrastructure, and a shared solar-powered micro-cold room (5–10 metric ton capacity). The cold room allows farmers to hold produce for 7 to 14 days, capturing the premium that off-season timing creates in urban markets. Crucially, the National Horticulture Mission already provides polyhouse subsidies but requires a farmer co-contribution that regular arid-zone families cannot finance. CSR funds deployed as this matching contribution activate government subsidies that would otherwise go unclaimed, increasing the efficiency of each rupee committed. 
In Phase 2 (Years 1–2), the CSR partner becomes a market facilitator. Smallholder farmers typically sell at the nearest wholesale market, where intermediaries take a significant cut and pricing is volatile. The CSR partner helps the FPO negotiate direct supply contracts with urban retail chains, cutting out intermediaries and allowing farmers to earn a larger share of the retail price. Digital farmgate records are also established during this phase to log crop yields, sale prices, and buyer relationships. These records give the FPO verifiable income, allowing them to unlock formal bank credit, and help to create a transparent audit trail for the CSR partner’s Environmental, Social and Governance (ESG) reporting. The FPO also begins to coordinate crop planning across members' farms, staggering planting schedules so the cooperative supplies produce continuously, helping to protect against price crashes. 
In Phase 3 (Year 3 onward), the cooperative transitions to full financial independence. A sinking fund, capitalized by a 3 percent levy on all FPO transactions from Phases 1 and 2, covers polyhouse material replacement, irrigation maintenance, and cold room upkeep. The FPO assumes full ownership of all infrastructure and can reinvest surplus revenues into expansion, such as adding new polyhouse units for new families or diversifying into value-added processing such as solar-dried vegetables. The CSR partner steps back to become a periodic audit partner, maintaining accountability while benefiting from corporate ESG reporting requirements. Based on ICAR yield data, each polyhouse unit can generate annual net income increases conservatively estimated at Rs 80,000–Rs 120,000 ($835–$1,253 USD) after accounting for input costs and seasonal variability, representing a two- to three-times increase over traditional rain-fed agriculture.
To track nutritional outcomes, participating families would undergo baseline hemoglobin testing before framework deployment, followed by periodic follow-up measurements to evaluate changes in anemia prevalence. In a large-scale trial in Bihar, hemoglobin measurements across over 4,000 households demonstrated a 7.1 percentage point reduction in anemia after a nutritional intervention (Young et al., 2021). Accredited Social Health Activist (ASHA) workers already conduct regular household visits in rural communities, and Anganwadi centers, which serve as rural child and maternal health hubs, already use HemoCue hemoglobinometers for rapid hemoglobin screening in field conditions (Verma & Baniya, 2022). Dietary diversity score, measured through brief surveys administered alongside ASHA visits, provides a complementary indicator of whether increased vegetable production is improving household nutrition. The digital farmgate record established in Phase 2 captures crop yield and income data to track whether the framework is generating measurable income gains for participating families, connecting the FPO to health and data systems already present across rural India. 
Cultural considerations are central to implementation. In arid Rajasthan, land and water decisions are historically male-centric, but women manage dairy animals and household food preparation (Singh et al., 2026). Effective FPO design must allow women to vote regarding crop selection and nutritional allocation, since women are primarily affected by anemia. Additionally, their role in cooperatives strengthens governance outcomes in comparable Indian contexts (Gulati et al., 2023). Extension training must be delivered in Rajasthani dialects to reach the communities most isolated from formal agricultural services. 
Scaling this framework carries risks, including limited technical knowledge among farmers, market price fluctuation as production increases, and the challenge of transitioning from CSR-supported deployment to farmer-led financial sustainability. While these risks cannot be fully mitigated, the framework's design addresses each one. Training happens peer-to-peer in local dialects through lead farmers in the FPO. In terms of market volatility, FPOs can coordinate crop diversification across member farmers to reduce price crash exposure. Cold storage, as described in Phase 1, further reduces this risk by allowing farmers to hold produce and time sales accordingly compared to selling at harvest when prices are lowest, a strategy consistent with the improved market access and price realization reported among FPO-linked farmers in arid Rajasthan (Singh et al., 2026). Governance accountability is maintained through audits required under Indian company law annually for producer companies, plus the CSR partner verifying outcomes for accurate ESG reporting. 
While this framework targets the Thar belt of Rajasthan, its core logic transfers to other arid regions. Gujarat's Kutch district already operates dairy cooperative infrastructure through the AMUL federation network, meaning FPO formation could build on existing cooperative experience (Gulati & Juneja, 2023). Semi-arid districts in Telangana face acute groundwater depletion due to unregulated extraction (Sishodia et al., 2016), making the water-efficiency component of LCPC even more critical. Adapting the framework requires calibrating polyhouse design, subsidy structures, and cooperative models to local conditions, but the financing architecture remains the same.
On a national scale, this model is highly replicable. With India's CSR expenditure exceeding Rs 40,000 crore annually, allocating just one percent of this funding toward LCPC systems could finance approximately 138,000 polyhouse units (Ministry of Corporate Affairs, 2025). Assuming each unit supports one household of five, this translates to improved nutritional access for roughly 690,000 individuals in arid regions.  
The Green Revolution demonstrated that technical solutions fail not because of faulty science but because the delivery system is broken. The framework proposed here follows the same logic. Naturally ventilated polyhouses have been in use for decades. CSR finance is abundant and underdeployed. FPO governance structures are legally established. The gap is integration, a phase-governed mechanism that connects capital to technology to market to farmer ownership in a way that lasts beyond the initial grant cycle. Thirty years ago, my father watched grown adults cry in relief when water finally appeared in hand-dug wells. Today, water alone is not enough to survive. A family in those same villages needs thermal protection for their crops, a market that pays fairly for what they grow, and a cooperative structure that survives long after a funding cycle ends. The tools to deliver all three already exist, but only now have they been connected. 
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