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Indian agriculture faces growing challenges from abiotic stresses such as 

drought, heat, salinity, waterlogging, cold, and nutrient deficiencies, as 

well as from the combined effects of these stresses. Together, they 

threaten food security, farmer livelihoods, and the sustainability of 

agricultural systems. With about 68% of India's cultivated area still 

drought-prone and nearly 146.7 Mha (44% of the total land area) 

degraded, abiotic stresses continue to cause yield gaps exceeding 50% of 

the potential output, leading to major economic losses. 

 Climate change is intensifying these challenges. By 2050, India is 

projected to experience a rise in mean temperatures by 1.5 to 2.5°C 

across agricultural regions, along with altered monsoon patterns showing 

10 to 15% variability in rainfall distribution. These shifts may lead to a 26% 

increase in the risk of rice production failure at the district level, a 21.6% 

reduction in rainfed rice yields under high-emission scenarios, and an 

expansion of salinity-affected areas by an additional 2 to 3 Mha.

 This policy paper presents a comprehensive, evidence-based 

framework to strengthen abiotic stress resilience in Indian agriculture. 

Drawing on recent scientific research, government programmes, and 

global best practices, it outlines integrated strategies that combine 

technology development, institutional support, policy reforms, and 

farmer empowerment. The framework emphasizes preventive risk 

management, climate-smart agriculture, precision-based interventions, 

and active participation of all stakeholders aligned with India's 

commitment to sustainable development and climate action.

Key Recommendations:

· Establish a unified National Abiotic Stress Management Mission 

with dedicated funding adequate over five years for field-level 

implementation

Executive Summary
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· Promote climate-resilient crop varieties and stress-tolerant 

germplasm along with corrective measures to cover at least 50% 

of vulnerable areas by 2030.

· Expand irrigation coverage to 60 Mha with a strong focus on water-

use efficiency and sustainable resource management.

· Develop district-level Climate Risk Atlases to enable targeted and 

region-specific interventions.

· Strengthen soil health management to restore about 5 Mha of 

degraded land by 2030.

· Integrate evidence-based policy evaluation frameworks for better 

decision-making.

· Establish 1000 climate-smart villages in vulnerable districts to 

promote participatory adaptation and community-led resilience.
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Agriculture remains the backbone of India's food, nutritional and 

livelihood security, supporting nearly half the population and contributing 

about 18.3% to the national GDP. As a multi-sectoral system covering 

crops, horticulture, livestock, fisheries and forestry, it plays a central role 

not only in food supply but also in employment, rural incomes and 

ecological stewardship. Despite its demographic importance, the 

sector's share in GDP has gradually declined with economic 

diversification, while more than 47% of the population still depends on 

agriculture for livelihood, increasing overall exposure to production and 

income shocks. The socio-institutional fabric further shapes vulnerability: 

over 85% of Indian farmers are small or marginal, many facing limited 

education, indebtedness and poor access to irrigation, inputs and credit. 

Institutional intermediaries such as KVKs are pivotal for technology 

dissemination, but they are often under-resourced, and many promising 

innovations struggle to scale due to unstable financing. 

Current Vulnerabilities

India cultivates ~180.11 Mha, of which 43 Mha are fully irrigated, 23 Mha 

partially irrigated and 68% of the cultivated area remains drought-prone 

(DA&FW, 2023). Such a large dependence on rainfed agriculture 

heightens susceptibility to weather variability. Simultaneously, about 

146.7 Mha ~ 44% of the country's total land area is degraded, largely 

through water erosion that removes nutrients, lowers soil productivity and 

accelerates reservoir siltation (Bhattacharyya et al., 2015). Soil fertility 

challenges further aggravate the situation. Imbalanced fertilizer use and 

an overreliance on subsidized NPK formulations have reduced soil 

organic matter and led to widespread deficiencies of micronutrients such 

as zinc, boron and sulfur (Das et al., 2022). Results from the Soil Health 

1. Background
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Card Mission indicate that more than 70% of soils are either acidic or 

alkaline and that 55–60% contain low soil organic carbon, pointing to 

systemic nutrient imbalances and declining soil health. Mechanization 

levels in India is still limited (≈47% compared with over 75% in several 

developed agricultural economies) (Singh, 2020). Mechanization levels 

also remain skewed (generally lesser in abiotically stressed areas), 

hampering timeliness and field efficiency leading to higher yield penalties 

particularly during shortened or unpredictable weather windows and 

labour shortage scenarios. About 69% of India's landholdings are 

marginal (<1 ha), and fragmented ownership combined with low access 

to capital, limits the adoption of climate-resilient and resource-efficient 

technologies (Das et al., 2022). While livestock, poultry and fisheries now 

contribute >35% to agricultural GDP (2021–22), supporting 

infrastructure, veterinary services, cold chains and extension systems is 

frequently inadequate. Rising input costs, market volatility and 

inconsistent extension support further contribute to chronic stress on 

farm viability. In essence, the current status of the sector reflects a 

convergence of ecological degradation, resource constraints and 

institutional bottlenecks that collectively reduce the system's adaptive 

capacity.
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Agricultural productivity in India is significantly constrained by interacting 

abiotic and biotic stresses. Abiotic stresses like drought, heat, cold, salinity, 

flooding, acidity and erosion, create yield gaps that frequently exceed 50% 

of potential productivity, while biotic stresses from pests, diseases and 

weeds add another 20–30% loss (Anderson et al., 2016). Climate change is 

intensifying these pressures by increasing the frequency and severity of 

heat waves, prolonged dry spells, erratic rainfall, cyclones and other 

extreme events (DA&FW, 2023). Land degradation—particularly water 

erosion remains the dominant environmental constraint across many 

regions and accounts for a major share of India's degraded geographical 

area, contributing to nutrient loss, reduced productivity and siltation of 

water bodies (NAAS, 2017). Importantly, these stresses are not static. They 

vary across space and time, shifting with monsoon patterns, agroecological 

conditions and seasonal cycles causing yield reduction and losses and is 

not limited to the tabulated overview as given under Table1 (stress type-

wise), 2 (crop-wise).

2. The Abiotic Stress Challenge
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Spatial extent of the abiotic stresses

The spatial extent of the major abiotic stresses as listed in Table 3 and 4 

reverify the important of addressing it on priority. The spatiotemporal 

variability of the abiotic stresses make it increasingly difficult for farmers 

and institutions to rely on traditional knowledge alone for risk 

management. It also underscores the need for advanced modelling 

frameworks capable of integrating weather, soil, water and crop data to 

track stress dynamics and generate location-specific advisories. As 

climate extremes intensify and stress interactions become more 

complex, building such predictive and adaptive capacities becomes 

central to India's broader strategy for climate resilience and sustainable 

agricultural growth.

Source: (Rao et al., 2022; Sahana & Mondal, 2023; Balaganesh et al., 2020; 

Tesfaye et al., 2017; Jha et al., 2021)
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Edaphic Stresses

The total land area affected by degradation in India is estimated at 146.8 

Mha, reflecting a major constraint to sustainable agricultural productivity. 

Water erosion is the most dominant form, accounting for 93.7 Mha, 

followed by soil acidity (16.0 Mha) and waterlogging (14.3 Mha). Other 

forms such as wind erosion (9.5 Mha), salinity/alkalinity (5.9 Mha) and 

complex degradation issues (7.4 Mha) also contribute significantly. 

(Bhattacharyya et al., 2015; Mythili and Goedecke, 2016; CSSRI, 2016). 

The predominance of water erosion highlights the critical need for soil and 

water conservation strategies, particularly in rainfed and hilly regions, 

while problems like salinity and acidity require region-specific 
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reclamation and nutrient management interventions. India has about 6.73 

million ha of salt-affected soils, with nearly 75% of the salt-affected area 

is concentrated in Gujarat (2.23 Mha), Uttar Pradesh (1.37 Mha), 

Maharashtra (0.61 Mha), West Bengal (0.44 Mha) and Rajasthan (0.38 

Mha).

Production and Monetary Losses Due to Salinity

Salinity poses a significant challenge to agricultural productivity in India. 

According to estimates from ICAR-CSSRI, salinity leads to a loss of nearly 

5.66 million tonnes of crop production annually at the national level, 

which corresponds to an economic loss of around Rs. 80,000 million (Rs. 

8,000 crore) (Sharma et al. 2016). A state-wise analysis shows that 

Gujarat experiences the maximum production loss (2.72 M t), followed by 

Maharashtra (0.92 M t), West Bengal (0.89 M t) and Andhra Pradesh (0.40 

M t). In monetary terms as well, Gujarat incurs the highest loss of about 

Rs. 49,000 million, followed by West Bengal (Rs. 12,000 million), 

Maharashtra and Andhra Pradesh (each Rs. 5,000 million (Approx.), 

Rajasthan (Rs. 4,000 million), Odisha (Rs. 3,000 million) and Haryana (Rs. 

1,000 million). The adverse effects are also evident across crop types: 
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pulses sustain the greatest losses in Gujarat, followed by Rajasthan and 

West Bengal, while oilseed losses are highest in Gujarat, with smaller 

impacts observed in West Bengal, Rajasthan, and Maharashtra (ICAR-

CSSRI, 2016).
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Abiotic stress impacts Cross pronounced by other sectoral 

challenges

The cross sectoral challenges additionally amplify the impact of current 

abiotic stress challenge. They become more pronounced by fragmented 

policies, poor resource management, and limited technology integration 

as tabulated below that shows the core threat across crops, livestock, 

and fisheries sectors.
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3. Technologies for Stress Management in Indian Agriculture

India has developed a diverse set of climate-resilient, biological, and 

digital technologies for managing abiotic stresses. Following tables 

summarizes its Primary Function / Application; Key Benefits / Impact; 

Current Adoption / Status; Constraints / Gaps and Lead Implementing 

Agencies / Supporting Schemes by Government of India.
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India possesses a strong technological foundation for abiotic stress 

management—spanning resilient genetics, bio-inputs, nutrient and water 

precision tools, and mechanization. However, adoption remains uneven 

due to cost, quality assurance, and institutional gaps. Greater 

coordination among ICAR, DAC&FW, SAUs, and state missions, coupled 

with targeted credit, digital support, and localized extension, is essential 

to achieve scale and equity in stress-resilient farming.
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The adoption of technologies to manage stresses in Indian agriculture is 

crucial for India's food and livelihood security. Such stresses cause 

51–82% of global yield losses, with India's rainfed systems being 

especially vulnerable (Yadav et al., 2023). Technologies like stress-

tolerant varieties, precision farming, and improved water management 

offer resilience, but adoption depends on institutional, economic, 

technological, socio-cultural, environmental, and political factors. 

Farmer capacity is shaped by resource access, landholding size, 

knowledge, credit, and risk-bearing ability. Government programmes 

such as DPAP, DDP, and NWDPRA (1970–1990s) initiated integrated 

watershed approaches, later consolidated into IWMP (2009–10) and 

PMKSY (2015) to expand irrigation and improve water-use efficiency. 

NICRA developed digital vulnerability maps (cyclone, flood, drought, 

exposure and sensitivity indices) guiding national stress mitigation efforts.

Institutional Factors

Institutions like ICAR–NARS and SAUs have released 1,956+ stress-

tolerant varieties (e.g. SUB1 rice, salinity-tolerant lines). Yet adoption 

remains low due to weak extension networks, limited coordination, and 

absence of centralized data. Schemes such as Rainfed Area 

Development (RAD) (7.13 lakh ha coverage) and PMKSY micro-irrigation 

(benefiting 22 lakh farmers) illustrate progress. FPOs and KVKs help 

bridge outreach gaps but have limited reach. Institutional effectiveness, 

extension contact, and market conditions strongly influence participation 

in watershed programmes. �(�„�Í�1�U�+�ô�ß�\�e�j�î���ô�\�ç NMSA promotes climate-

resilient practices; ATMA improves dissemination.

4. Factors Influencing the Adoption and Non-Adoption 

of Abiotic Stress Management in Indian Agriculture
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