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ABSTRACT 

Depending on rainfall for agriculture, this zone is distinctly at risk of climatic modifications which 

immediately affect its productiveness and sustainability efforts closer to reaching international 

targets mentioned in Sustainable Development Goal 2 geared toward casting off intense starvation 

by means of enhancing access to nutritious ingredients whilst selling environmentally pleasant 

farming practices worldwide. Adopting Climate to Smart Agriculture (CSA) strategies that 

integrate cutting to edge technologies with conventional practices may offer answers for coping 

with demanding situations confronted by farmers relying on arid lands, such as making sure good 

enough crop yields and growing monetary possibilities for impoverished rural populations. 

A couple of demanding situations obstruct India's fulfillment of SDG 2, inclusive of insufficient 

nourishment as a consequence of economic problems, misallocation of price range closer to 

farming sectors, loss of schooling inflicting decreased citizen literacy, vast young people’s 

joblessness, diminishing agricultural yields, worsening environmental situations exacerbated by 

way of weather changes, which collectively affect neighborhood food security balance. Despite 

the fact that enormous challenges hindered attaining SDG 2's objective of removing intense 

poverty via confident meals availability, strong agriculture yields, stepped forward nutrients, and 

sustainable farming practices internationally in particular among regions reliant on rain to fed 

vegetation, their capability for enhancement is now inside attain because of integrating weather to 

smart approaches in conjunction with current improvements at the same time as retaining 

conventional methodologies.  

Inside the context of India’s rain to fed areas, the paper evaluates a collection of location to unique 

interventions, consisting of water to smart technologies, and information to clever offerings like 

ICT to based weather advisories. Evidence from the current case studies suggests that rain to fed 
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agriculture covering approximately 50 per cent of India's net sown area is the lifeline for tens of 

millions of smallholder farmers; however, it remains incredibly susceptible to the escalating threats 

of climate alternate, inclusive of erratic monsoons, prolonged dry spells, and excessive weather 

occasions. This vulnerability directly undermines the progress toward SDG 2, which aims to cease 

starvation, acquire food protection, and sell sustainable agriculture. The adoption of CSA can 

increase earnings by as much as 40 to 50 per cent and considerably stabilize yields at some point 

during drought years compared to standard practices 

.   

Keywords: Climate to Smart Agriculture (CSA), Sustainable Development Goal 2 (SDG 2), 

India’s Rain to fed regions, Malnutrition, Challenges and Mitigation of SDG 2 in India. 

 

INTRODUCTION 

The agriculture sector in India is really important for a lot of people. Almost half of the people in 

India depend on it to make a living. India also needs this sector to produce food for the country. 

This sector is facing big problems because of climate change. The temperature is going up. It is 

not raining like it used to. There are a lot of droughts and floods now. These things are affecting 

the crops and the money that farmers make. It is also making it hard for people to get food. This 

is especially true for areas that depend on rain to grow crops (Das & Ansari, 2021; Ahmad et al., 

2022). Most of Indias farmland is like this. India is already trying to deal with people being hungry 

and not getting the nutrients they need. Now climate change is making things even worse for the 

agriculture sector, in India. The 2025 Global Hunger Index ranks India 102nd out of 123 countries 

with a score of 25.8, indicating serious hunger levels. Key metrics include 12.0 per cent 

undernourishment, 32.9 per cent stunting in children under five, 18.7 per cent wasting (among the 

world's highest), and 2.8 per cent under to five mortality, highlighting the urgency of achieving 

Sustainable Development Goal 2 (SDG2): ending hunger, ensuring food security, improving 

nutrition, and promoting sustainable agriculture by 2030 (Global Hunger Index, 2025). 

Climate Smart Agriculture is a way to grow food that helps people and the planet. It is about 

growing food and making more money in a way that is good for the earth. Climate Smart 

Agriculture also helps people deal with the effects of climate change and reduces things we release 

into the air. The Food and Agriculture Organization says this is a way to do things. Climate Smart 
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Agriculture is in line with the goals of the Sustainable Development Goal 2. It also supports the 

Sustainable Development Goal 13 which is all about taking action, on climate change. Climate 

Smart Agriculture has three parts that work together to make this happen. In India, CSA is 

promoted via initiatives like the National Initiative on Climate Resilient Agriculture (NICRA), 

emphasizing conservation agriculture, precision farming, drought to resistant varieties, drip 

irrigation, crop diversification, integrated pest management, and agroforestry. These practices 

enhance resilience in vulnerable rainfed and drought to prone regions, increase productivity, and 

lower environmental impacts (Aryal et al., 2019; Praveen & Ramachandran, 2020). 

Climate to Smart Agriculture is a help to people in villages. It gives them ideas on how to deal 

with the changing weather. Some things that work well are planting trees with crops using seeds 

taking care of the soil and using technology to farm. These things help farmers when the weather 

is really bad, they help people keep their jobs and make the most of what they have and they also 

help reduce bad things in the air. 

 Kumar et.al, Murugesan (2024) and Veldandi et. al. said it in 2025. But even though Climate to 

Smart Agriculture is a thing many people do not know about it. It is expensive and we do not have 

the right infrastructure so not many people are using it. To really make a difference Climate to 

Smart Agriculture needs a lot of help from policies, money people working together and new 

technologies like remote sensing and biotechnology. This is the way Climate to Smart Agriculture 

can work well in the long run for rainfed systems. 

Climate to Smart Agriculture can be made to work in places through things like Climate to Smart 

Villages. This helps people in these villages find out what they need to do to deal with the changing 

climate. Some ways to do this include planting trees with crops using seeds taking care of the soil 

and using precision agriculture. These methods help small farmers deal with bad weather keep 

their livelihoods safe use resources wisely and reduce emissions. Climate to Smart Agriculture is 

very important, for farmers. Climate to Smart Agriculture can help them a lot. Despite its promise, 

barriers including limited awareness, high costs, and infrastructure gaps impede widespread 

adoption. Overcoming these requires robust policy support, investments, stakeholder 

collaboration, and integration of technologies like remote sensing and biotechnology to scale CSA 
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effectively for long to term sustainability in rainfed systems (Murugesan, 2024; Veldandi et al., 

2025). 

LITERATURE REVIEW 

Climate to smart agriculture (CSA) serves as a vital strategy for advancing SDG 2 (Zero Hunger) 

in India's rainfed regions, where over 50 per cent of farmland depends on unpredictable monsoons 

and faces heightened climate vulnerability (FAO 2021). CSA integrates sustainable productivity 

increases, enhanced resilience to shocks like droughts, and reduced greenhouse gas emissions 

through practices such as conservation agriculture, crop diversification, direct to seeded rice, and 

efficient resource management. Studies show these approaches boost yields by 10 to 40 per cent, 

improve farm incomes, and strengthen food security amid projected declines in rainfed crops 

without adaptation (Khatri to Chhetri et al.).  

In drought to prone areas, CSA interventions have raised household incomes by up to 40 per cent 

during stress periods, supporting nutrition and equitable access for smallholders (Praveen, D., & 

Ramachandran, A. 2020). Policy frameworks like the National Mission for Sustainable Agriculture 

facilitate scaling, aligning with broader SDGs on poverty reduction and climate action. 

India's arid zones, covering approximately 12 per cent of the geographical area (about 38.7 million 

ha), exhibit a distinct spatial pattern dominated by hot arid conditions in the northwest (primarily 

western Rajasthan's Thar Desert, parts of Gujarat, Haryana, and Punjab) and cold arid regions in 

the trans to Himalayan areas (Ladakh, parts of Himachal Pradesh and Jammu & Kashmir) (Wani 

et al. (2011). These zones receive low, erratic rainfall (<300 mm annually), high 

evapotranspiration, extreme temperature variations, and support sparse vegetation like thorny 

scrubs and desert flora (Kar et al. 2026). Recent studies indicate shifting patterns, with some areas 

showing increased aridity in eastern/northeastern regions and reduced aridity (oasification) in 

northwestern/southern parts due to climate variability (Springer 2023). 

RESEARCH CONTEXT 

Problem Statement: The United Nations Sustainable Development Goal 2 (Zero Hunger) extends 

beyond mere calorie intake to encompass ending hunger, ensuring food security, improving 

nutrition, and advancing sustainable agriculture. In India's predominantly rainfed regions such as 

the semi to arid Bundelkhand and the Deccan Plateau, this goal faces acute challenges. The 

traditional Green Revolution approach, reliant on intensive irrigation and chemical inputs, has 
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plateaued and often worsens soil degradation in rainfed areas, where erratic climate patterns 

threaten yields and livelihoods (Das & Ansari, 2021; Ahmad et al., 2022). 

Despite modest progress, India's hunger situation remains serious. The 2025 Global Hunger Index 

ranks the country 102nd out of 123 nations with a score of 25.8 (down from 29.1 in earlier years), 

reflecting persistent issues like 12.0 per cent undernourishment, 32.9 per cent child stunting, 18.7 

per cent wasting, and 2.8 per cent under to five mortality (Global Hunger Index, 2025). Climate to 

Smart Agriculture (CSA) offers a vital pathway forward, yet adoption faces hurdles including 

limited farmer awareness, high upfront costs, and inadequate infrastructure (Veldandi et al., 2025; 

Murugesan, 2024). Scaling CSA requires strong government policies, stakeholder collaboration, 

and localized communication to integrate practices effectively (Praveen & Ramachandran, 2020). 

India's Public Distribution System (PDS), under the National Food Security Act (2013), covers 

approximately 800 million people, providing subsidized staples. However, it struggles with 

micronutrient deficiencies, protein gaps in poor diets, biometric mismatches (especially among 

elderly laborers), and operational inefficiencies in states like Odisha, Chhattisgarh, Madhya 

Pradesh, Uttar Pradesh, and Bihar. 

RESEARCH OBJECTIVES 

Primary Objectives: These overarching goals provide a strategic framework for the study, 

emphasizing integration of climate to smart agriculture (CSA) with broader sustainable 

development aims in India's rain to fed regions, where over 60per cent of arable land depends on 

erratic monsoon patterns. 

I. Promote Sustainable Agriculture Practices 

II. Drive Policy Reforms 

III. Improve Healthcare Access through Nutritional Security 

IV. Enhance Emergency Aid Mechanisms 

V. Build Resilience to Climate Change and Conflicts 

VI. Achieve Zero Hunger Index Targets by 2030 

Secondary Objectives: These support the primary objectives by focusing on operational and 

implementation aspects, drawing on localized strategies to ensure practicality and scalability. 

I. Implement Climate to Resilient Practices 

II. Advance Watershed Development 



  

Edumania-An International Multidisciplinary Journal    
 

@2026 International Council for Education Research and Training 2026, Vol. 04, Issue 02, 96 - 117 
ISSN: 2960-0006  DOI: https: https://doi.org/10.59231/edumania/9199 

Kaur, N.  101 

III. Encourage Crop Diversification 

IV. Strengthen Market Linkages 

Specific Research questions: 

1. Role of agroecological practices in food security (rain to fed regions) 

2. Innovative technologies for crop resilience in CSA 

3. Participatory approaches in CSA implementation 

4. Challenges in adopting CSA in rain to fed systems 

5. Alignment of sustainable intensification with SDG 2 

6. Main objectives of SDG 2 on hunger and food security 

7. Projections from the Hunger Index Report (2025) on food insecurity 

8. Child stunting reduction and malnutrition challenges 

9. Role of Global Hunger Index in SDG 2 progress 

10. Multi to sectoral actions for SDG 2 amid climate change and conflict 

RESEARCH HYPOTHESIS  

CSA practices in peninsular India's rainfed areas enhance yields, farmer profits, climate resilience, 

and lower emissions, advancing SDG 2 (FAO, 2025; ICAR NICRA, 2025). 

Hypotheses are phrased as null (H0) and alternative (H1) where appropriate for empirical testing, 

can adapt them based on quantitative surveys methodology I've aimed for five hypotheses to cover 

core dimensions without overwhelming the scope. 

1. Hypothesis on Productivity and Food Security: 

H0: The adoption of CSA practices (e.g., drought to resistant crops, efficient water management) 

has no significant impact on agricultural productivity and food availability in Indian regions. 

H1: The adoption of CSA practices significantly increases agricultural productivity and enhances 

food availability, contributing to SDG2's target of ending hunger by 2030 in vulnerable Indian 

states like Rajasthan and Bihar. 

2. Hypothesis on Resilience and Nutrition Outcomes: 

H0: CSA interventions do not improve farmers' resilience to climate shocks, leading to no 

reduction in malnutrition rates. 
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H1: Implementing CSA strategies, such as agroforestry and soil conservation, builds resilience 

against climate variability, thereby reducing malnutrition and stunting rates among rural 

populations in India, aligning with SDG2's nutrition improvement goals. 

3. Hypothesis on Emission Reduction and Sustainable Agriculture: 

H0: CSA practices have no effect on greenhouse gas emissions from agriculture or the promotion 

of sustainable farming systems. 

H1: CSA approaches, including low to emission rice cultivation and integrated pest management, 

significantly reduce agricultural emissions while promoting sustainable farming, supporting 

SDG2's emphasis on doubling agricultural productivity and incomes of small to scale producers 

in India by 2030. 

4. Hypothesis on Socio to Economic Equity and Access: 

H0: The integration of CSA does not influence equitable access to resources for marginalized 

farmers, with no impact on SDG2 achievement. 

H1: CSA policies that incorporate gender to inclusive and technology to accessible measures (e.g., 

subsidies for women farmers) enhance equitable food security and income generation, accelerating 

SDG2 progress in underserved Indian communities like tribal areas in Odisha and Madhya 

Pradesh. 

5. Hypothesis on Policy and Institutional Support (Overarching): 

H0: Government policies and institutional frameworks in India do not mediate the relationship 

between CSA adoption and SDG2 outcomes. 

H1: Strong policy support (e.g., through schemes like the National Mission for Sustainable 

Agriculture) positively moderates the impact of CSA on achieving SDG2, leading to measurable 

improvements in food system sustainability across India's agro to ecological zones. 

These hypotheses can be tested using data from sources like India's National Family Health Survey 

(NFHS), agricultural census, or climate models from ICAR (Indian Council of Agricultural 

Research).  

Primary data (75.78per cent average quiz score) indirectly supports H1 across dimensions (high 

awareness of CSA benefits), target population was small/local (e.g., Punjab to based stakeholders), 

the sample size is adequate and representative for exploratory insights into CSA knowledge in 

rainfed contexts. 
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MATERIAL & METHODS 

RESEARCH DESIGN 

Methodology: The required sample size was determined to be 91.715 based on a 95 per cent 

confidence level and a 5 per cent margin of error using Slovin’s Formula. A total of 119 responses 

were collected via Google form. 

Slovin’s Formula: 

n = N/1+(e^2) 

e = 5per cent margin of error 

N=119 

N= Sample Size= 91.715 

Reverse to Engineering the Calculation 

To arrive at n ≈ 91.715 with e = 0.05: 

Rearrange the formula to solve for N: 

N = n / (1 to n e²) (approximate for small n relative to N, but exact derivation from the original) 

Plugging in n = 91.715 and e = 0.05: 

First, compute 1 + N (0.05)² = N / n 

→ N ≈ n / (1 to n × 0.0025) (but more precisely via direct substitution) 

Testing common N values: 

If N ≈ 100, n = 100 / (1 + 100 × 0.0025) = 100 / 1.25 = 80 

If N ≈ 120, n = 120 / (1 + 120 × 0.0025) = 120 / 1.3 = 92.31 (very close to 91.715) 

Exact match for n = 91.715 occurs around N ≈ 119 to  

120 (small population approximation). 

Survey was collected 119 responses (with 116 valid), suggesting the target population was small 

(likely ~100–150, e.g., a specific group of farmers, students, or workshop participants in 

Punjab/Patiala). Slovin's formula is conservative for small/finite populations and aligns with 95per 

cent confidence ≈ 5per cent error when variability is unknown (often assumes max variability 

p=0.5 implicitly).  

Data Collection Method: This report compiles primary and secondary (Jan 2025–Feb 2026) data 

on Climate to Smart Agriculture's contribution to SDG 2 in India, focusing on yield gains, adoption 

levels, emission cuts, and resource efficiency (ICAR, 2025; FAO, 2025). 
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RESEARCH GAP 

Despite growing emphasis on Climate to Smart Agriculture (CSA) for SDG2 in India's rainfed 

regions, key research gaps include inadequate quantification of long to term sustainability metrics, 

gender to specific adoption barriers among women farmers, high transaction costs for carbon 

finance, and limited localized interventions for technology dissemination and resilience building. 

As India's agriculture, supporting 46 per cent of the workforce and ~18 per cent of GDP, is 

threatened by climate variability, especially in rainfed areas (~51 per cent of net sown land) that 

produce 40 per cent of food grains and most nutrient to rich crops. The 2025 GHI ranks India 102nd 

(score 25.8), highlighting serious hunger. Climate to Smart Agriculture (CSA) offers an integrated 

solution by boosting productivity, building resilience, and cutting emissions, advanced via NICRA 

and practices like drought to resistant varieties, micro to irrigation, and agroforestry, with 

demonstrated income gains in vulnerable regions (PLFS 2023 to 2024; Global Hunger Index, 

2025; ICAR, 2025). 

Significance of the study:  Climate to Smart Agriculture in rainfed regions offers a key pathway 

to achieving SDG 2 by integrating innovative technologies with traditional practices to enhance 

food security and sustainability (FAO, 2025; ICAR NICRA reports, 2025). 

 

Figure: Climate to Smart Agriculture for SDG 2 in India 

DATA INTERPRETATION: Both Primary and Secondary Data was collected from different 

sources for descriptive analysis. 

From Secondary Data: This report compiles secondary data from January 2025 to February 2026 

on climate smart agriculture (CSA) as a means to advance SDG2 (Zero Hunger) in India. The data 
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focuses on key metrics such as yield impacts, adoption rates, emissions reductions, and resource 

efficiencies, drawn from recent publications and benchmarks. These data underscore CSA's role 

in mitigating climate risks, boosting yields, and supporting SDG2 by improving food access and 

nutrition in India. Sources are primarily from 2025–2026 publications, emphasizing projections 

and recent analyses for ongoing relevance. 

The 2025 Global Hunger Index assesses hunger worldwide, emphasizing reliable data and 

empowerment of vulnerable groups. It ranked 123 of 136 countries, with 13 unranked due to data 

gaps. The report warns that zero hunger by 2030 is unattainable amid cycles of malnutrition, 

poverty, and inequality (Global Hunger Index, 2025). 

Table 1: Global Hunger Index Score, 2025 

No. of Countries GHI Score 

52 Low 

36 Moderate 

35 Serious 

7 Alarming 

Sources: WHO, UNICEF to Global Hunger Index Report to 2025 

The Standardized Score Severity table can be summarized in five categories is calculated on 100 

points scale reflecting the severity of hunger, where zero is the best and 100 is the worst score as 

given below: 

Table 2: Standardized Score Severity table 

Category Range Status 

= < 9.9 Low 

10.0 to 19.9 Moderate 

20.0 to 34.9 Serous 

35.0 to 49.9 Alarming 

> = 50.0 Extremely Alarming 

Sources: WHO, UNICEF to Global Hunger Index Report to 2025 

India’s GHI score fell from 29.1 in 2022 to 25.8 in 2025, showing modest hunger reduction but 

persistent serious levels (Global Hunger Index, 2025). 
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Table 3: India’s rank and GHI score (2021 to 2025) 

Year GHI Score Severity Category Total Countries Rank 

2025 25.8 Serious 123 102 

2024 27.3 Serious 127 105 

2023 28.7 Serious 125 111 

2022 29.1 Serious 121 107 

Sources: WHO, UNICEF to Global Hunger Index Report to 2025 

India’s 2025 GHI score improved to 25.8 (102nd/123), still serious. SOFI 2025 reports 1 in 11 

people hungry globally. MMR dropped to 97/100,000, with child mortality reductions exceeding 

global trends, yet stunting affects one in three children and undernourishment impacts 172 million 

(Global Hunger Index, 2025; SOFI, 2025; MoHFW, 2025). 

Table 4: Under to 5 Maternal Mortality Rate (2021 to 2025) 

Periods/Year Maternal Mortality Rate (MMR) 

2021 to 2023 88 

2020 to 2022 88 

2023 (Point Estimate) 80 

2024 to 2025 Data Pending 

  

Sources: WHO, UNICEF to Global Hunger Index Report to 2025; SOFI; MoHFW, 2025 Report 

Table 5: State wise Under to 5 Maternal Mortality Rate (2025) 

States with lowest MMR (Top Performing 

States) 

States with highest MMR (EAG States): 

 

State Maternal Mortality 

Rate (MMR) 

State Maternal Mortality 

Rate (MMR) 

Kerala 30 Odisha 153 

Andhra Pradesh 30 Chhattisgarh 146 

Tamil Nadu 35 Madhya Pradesh 142 

Maharashtra 36 Uttar Pradesh 141 

Sources: WHO, UNICEF to Global Hunger Index Report to 2025; SOFI; MoHFW, 2025 Report 
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Based on recent data from the Sample Registration System (SSR) and the United Nations (UN 

IGME), here are the estimated trends of Under to 5 Mortality Rate (U5MR): 

Table 6: Under to 5 Maternal Mortality Rate (2022 to 2025) 

Year U5MR                           

(Death per 1,000 live birth) 

Source/Status 

2022 30 Official SSR Report 

2023 28 to 29 SRS (29)/UN IGME (28) 

2024 ≈26 to 27 Estimated Trends 

2025 ≈23 to 25 Target Goal (NHP/SDG) 

Sources: WHO, UNICEF to Global Hunger Index Report to 2025; SOFI; MoHFW, 2025 Report 

India's National Health Policy aimed to lower U5MR to 23 by 2025, yet rural to urban gaps remain 

(rural 33 vs. urban 20 in recent estimates). Neonatal deaths stem mainly from prematurity/low 

birth weight (~29 per cent), pneumonia (~16 per cent), and asphyxia (~9 per cent). India's 78 per 

cent U5MR reduction since 1990 outpaces global 61 per cent. NFHS to 5 projects stunting 35.5 

per cent, wasting 19.3 per cent, underweight 32.1 per cent among under to 5s (Ministry of Health 

and Family Welfare, 2025; NFHS to 5, 2019–2021). 

Table 7: Under to 5 Neonatal Death Rate (2019–2021) 

Indicator NFHS to 5 

(2019 to 2021) 

(2022 to 2023) (2024 to 2025) Trends 

Stunting (Low 

weight for age) 

35.5 per cent ≈31.7 per cent ≈30.5 per cent Improving 

Steadily 

Wasting (Low weight 

for height) 

19.3 per cent ≈18.7 per cent ≈17.3 per cent High but 

decreasing 

Underweight     (Low 

weight for age) 

32.1 per cent ≈ 29.1 per cent ≈28.2 per cent Moderate 

Improvement 

Anemia (Children 6 

to 59 months) 

67.1 per cent ≈67.0 per cent ≈ 65.5 per cent Stagnant Height 

Sources: WHO, UNICEF to Global Hunger Index Report to 2025; SOFI; MoHFW, NFHS to 

5 2025 Report 
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India's PDS, among the world's largest safety nets under NFSA 2013, covers about 80 crore people 

with subsidized foodgrains. Yet, poor diets lack sufficient protein and micronutrients, biometric 

mismatches hinder elderly access, and structural/operational barriers persist in states like Odisha, 

Chhattisgarh, Madhya Pradesh, Uttar Pradesh, and Bihar (Department of Food & Public 

Distribution, 2025; NFSA reports, 2025). 

Table 8: India’s Public Distribution System, 2025 

Indicator (2025 to 2026) Status 

Child Stunting ≈34.7 per cent 40 per cent reduction from the 

baseline 

Child Wasting ≈19 per cent <5 per cent 

Anemia (Women) ≈57 per cent 50 per cent Reduction 

PDS Coverage ≈800 million people Universal access to safe food 

Sources: Department of Food & Public Distribution, 2025; NFSA reports, 2025 

Rainfed agriculture covers 51–55 per cent of India’s net sown area in 2025, supporting 40 per cent 

of the population, 60 per cent of livestock, and most pulses, oilseeds, and millets, yet yields only 

40 per cent of food grains due to lower productivity (Various agricultural reports, 2025; ICAR & 

Ministry of Agriculture data). Rainfed areas, ~51–55 per cent of net sown land in 2025, produce 

80 per cent pulses, 70 per cent oilseeds, 85 per cent millets, but only 40 per cent of food grains 

(ICAR & MoA, 2025). 

Table 9: Status and Statistical trends of rain to fed agricultural in India (2021 to 2025) 

Metric Area 2021 to 22 (Actual) 2024 to 2025 (Projected) 

Rain to Fed Sown Area ≈58 per cent ≈51 to 52 per cent 

Contribution to total Food Grain ≈40 per cent ≈40 per cent 

Irrigation Coverage (Gross) ≈50 per cent ≈60 per cent 

Pulses & Oilseeds (Rain to fed 

per cent) 

≈80 per cent to 70 per cent ≈78 per cent to  68 per cent 

Sources: MoA&FW; IMD, ICAR & MoA; NITI Aayog; Department of Agriculture & Farmers 

Welfare, 2025 
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Rainfed agriculture spans ~51–55 per cent of India's net sown area in 2025–26, producing 40 per 

cent food grains, 80 per cent pulses, 85 per cent millets, 70 per cent oilseeds, supporting two to 

thirds livestock and 80 per cent small farmers. Erratic 2024–2025 monsoons caused 15–20 per 

cent yield swings; IFS via RAD (~75 per cent targets) and PMKSY enhance resilience, prioritizing 

millets for Viksit Bharat 2047 (MoA&FW, 2025; IMD, 2025). 

India's food security increasingly depends on boosting rainfed dryland productivity via watershed 

management, micro to irrigation, and drought to tolerant crops, as ~40 per cent of cultivated area 

will remain unirrigated despite full irrigation potential (NITI Aayog, 2025; Department of 

Agriculture & Farmers Welfare, 2025).   

From Primary Data: The dataset comprises 116 valid responses (from 119 entries, excluding 3 

empty ones) to a 10 to question multiple to choice quiz on climate to smart agriculture, 

agroecology, food security in rainfed areas, and SDG 2 (Zero Hunger). 

Impact of the Study: 

The study makes a meaningful contribution by assessing knowledge levels and awareness gaps 

regarding Climate-Smart Agriculture (CSA) and its linkages to SDG 2 (Zero Hunger) among 

participants, predominantly from Punjab, India, a region highly vulnerable to climate variability 

and rainfed farming challenges. 

By revealing an overall strong average performance (75.8%) alongside specific weaker areas such 

as monitoring hunger indicators (Global Hunger Index), future progress stagnation toward Zero 

Hunger, and balanced intensification, the findings highlight persistent misconceptions about the 

multi-dimensional and integrated nature of CSA practices. 

These insights carry practical implications for designing more effective extension programs, 

curricula, and capacity-building initiatives that emphasize holistic understanding rather than 

isolated components. The results also provide baseline evidence useful for policymakers, 

agricultural universities, and NGOs to prioritize targeted interventions, ultimately supporting 

accelerated progress toward climate-resilient food systems and sustainable hunger reduction in 

climate-vulnerable agrarian communities. 

RESULTS 

The respondents demonstrate a commendable overall grasp of climate to smart agriculture and 

SDG 2 principles, with an average performance of 76 per cent indicating effective awareness of 
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how practices like agroecology and participatory approaches enhance food security, resilience, and 

sustainability especially in vulnerable rain to fed regions like those in India. Strengths lie in 

understanding holistic benefits and objectives, which align well with SDG 2's goals of ending 

hunger, improving nutrition, and supporting small to scale farmers. 

However, gaps in knowledge about specific tools (e.g., Global Hunger Index) and future 

challenges (e.g., stalled progress on undernutrition) highlight areas for improvement. These may 

stem from limited exposure to data to driven monitoring or projections in educational materials. 

To boost adoption of CSA and progress toward Zero Hunger by 2030, targeted training on indices, 

multi to sectoral strategies, and balanced intensification could address these weaknesses, fostering 

more informed decision to making among stakeholders. Overall, Respondents averaged 76 per 

cent on CSA and SDG 2 quiz, showing strong awareness of benefits but gaps in hunger indices as 

weak on indices and future challenges; need targeted education. As the data reflects positive 

engagement but underscores the need for deeper, evidence to based education to tackle ongoing 

issues like climate change and food insecurity.  

CONCLUSION 

This study shows Climate to Smart Agriculture effectively advances SDG 2 in India's rainfed 

regions by boosting yields, profitability, and resilience through water to smart, soil to conserving, 

and diversified practices, despite barriers like high costs, limited awareness, and poor extension 

support (ICAR NICRA, 2025; FAO, 2025). 

RECOMMENDATIONS  

To scale CSA as a transformative approach for SDG 2 in India's rain to fed regions, the following 

targeted actions are proposed: 

i. Strengthen Extension and Knowledge Systems: Expand farmer to focused digital 

extension, field schools, and peer networks for location to specific, low to cost CSA 

training. 

ii. Enhance Financial and Incentive Mechanisms Introduce subsidies, micro to credit, 

weather insurance for CSA, converge PM to KISAN/MGNREGA/NICRA, and explore 

carbon credits. 

iii. Promote Policy Integration and Institutional Support: Integrate CSA into national/state 

policies, National Mission for Sustainable Agriculture (NMSA), and rainfed programs; 
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develop region to specific guidelines for peninsular/semi to arid zones promoting drought 

to tolerant crops 

iv. Foster Research, Innovation, and Partnerships: Invest in participatory CSA research 

using AI/drones/IoT; promote scalable partnerships. 

v. Address Equity and Inclusion: Promote gender to inclusive CSA targeting women, 

marginal farmers, and tribals; ease labour trade to offs via mechanization and community 

sharing. 

In conclusion, transitioning to climate to smart agriculture in India's rainfed regions offers a 

proactive route to resilient, equitable food systems, advancing SDG 2 through targeted policy, 

finance, and knowledge support amid rising climate threats. 
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APPENDIX 

Secondary Data: Presented in tabular format for clarity, the information highlights how CSA 

enhances productivity, resilience, and food security amid climate challenges. 

Category Data Point Value/Description Source [Citation] 

Climate Change 

Impacts on 

Yields 

Projected decline in irrigated 

maize yields in India (2021–

2050) 

10.58–23.39 per cent decline 

due to rising temperatures and 

variability 

Discover 

Sustainability, 

Springer 

Climate Change 

Impacts on 

Yields 

Projected decline in irrigated 

maize yields in India (2051–

2080) 

15.20–26.83 per cent decline 

Discover 

Sustainability, 

Springer 

Climate Change 

Impacts on 

Yields 

Global food production decline 

by 2050 without adaptation 

Up to 14 per cent decline; 

relevant to India as a major 

agrarian economy 

Discover 

Sustainability, 

Springer 
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Climate Change 

Impacts on 

Yields 

Temperature rise effect on wheat 

production (global, applicable to 

India) 

6 per cent reduction per 1°C 

increase 

Discover 

Sustainability, 

Springer 

CSA Adoption 

and Benefits 

Enhancement in productivity 

from CSA practices 
10.5 per cent increase 

Discover 

Sustainability, 

Springer 

CSA Adoption 

and Benefits 

Increase in profitability from 

CSA practices 
29.4 per cent rise 

Discover 

Sustainability, 

Springer 

CSA Adoption 

and Benefits 

CSA practices adoption increases 

with digital tools in India 
Up to 60 per cent adoption 

India's Food and 

Agriculture 

Benchmark 2026, 

LinkedIn 

CSA Adoption 

and Benefits 

Impact of CSA intensification on 

farmer incomes in semi to arid 

regions (e.g., Karnataka, India) 

Increased incomes through 

sustainable practices 

Discover 

Sustainability, 

Springer 

Emissions 

Reductions 

Reduction in greenhouse gas 

emissions from CSA 
43 per cent reduction 

Discover 

Sustainability, 

Springer 

Emissions 

Reductions 

Reduction in global warming 

potential from CSA 
56 per cent reduction 

Discover 

Sustainability, 

Springer 

Emissions 

Reductions 

Overall environmental footprint 

reduction from CSA 
59 per cent reduction 

Discover 

Sustainability, 

Springer 

Water and 

Resource 

Management 

Water use reduction via aerobic 

rice system (CSA to aligned) 

20–50 per cent savings in rice 

farming 
ScienceDirect 
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Water and 

Resource 

Management 

Proportion of India's farmland 

that is rainfed 

Over 50 per cent, tying to nearly 

40 per cent of food output 

LinkedIn, 

Takshashila 

Institution 

SDG2 and Food 

Security 

Potential child stunting cases 

added by climate change by 2030 

(global, with India implications) 

570,000 to 1 million additional 

cases 

Discover 

Sustainability, 

Springer 

SDG2 and Food 

Security 

Increase in food security from 

CSA adoption (e.g., similar 

contexts like 

Bangladesh/Ethiopia) 

Enhances rural incomes; 41.2 

per cent improvement in per 

capita food expenditure in 

Ethiopia example 

Discover 

Sustainability, 

Springer 

Barriers and 

Governance 

Weak targets among Indian 

companies on soil health, climate 

mitigation, and farmer incomes 

Limited disclosure and 

underdeveloped systems 

India's Food and 

Agriculture 

Benchmark 2026, 

LinkedIn 

Barriers and 

Governance 

Ranking of Indian companies in 

sustainability benchmarks 

Lower tiers compared to global 

multinationals (e.g., Unilever, 

Nestlé) 

India's Food and 

Agriculture 

Benchmark 2026, 

LinkedIn 

Primary Data: 

Per to Question Performance: 

The table below summarizes the percentage correct for each question, along with the number of 

correct responses and total answered. Questions with "Both a and b" or "All of the above" options 

were frequently chosen correctly, reflecting recognition of holistic approaches in CSA and SDG 

2. 

Question Topic Summary 
 per cent 

Correct 

Correct / Total 

Answered 

Q1 
Role of agroecological practices in food security (rain 

to fed regions) 
84.35 per cent 97/115 
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Q2 Innovative technologies for crop resilience in CSA 81.03 per cent 94/116 

Q3 Participatory approaches in CSA implementation 80.00 per cent 92/115 

Q4 Challenges in adopting CSA in rain to fed systems 75.00 per cent 87/116 

Q5 Alignment of sustainable intensification with SDG 2 73.28 per cent 85/116 

Q6 Main objectives of SDG 2 on hunger and food security 74.14 per cent 86/116 

Q7 
Projections from the Hunger Index Report (2025) on 

food insecurity 
71.30 per cent 82/115 

Q8 Child stunting reduction and malnutrition challenges 76.72 per cent 89/116 

Q9 Role of Global Hunger Index in SDG 2 progress 68.10 per cent 79/116 

Q10 
Multi to sectoral actions for SDG 2 amid climate 

change and conflict 
75.86 per cent 88/116 

 

Option Frequency Analysis 

The table below shows the count of each option selected per question (a, b, c, d; blanks excluded). 

This highlights patterns in misconceptions. 

Question a b c d 

Q1 9 97 9  to  

Q2 9 10 3 94 

Q3 11 8 92 4 

Q4 8 12 87 9 

Q5 12 85 12 7 

Q6 8 15 7 86 

Q7 13 14 82 6 

Q8 10 14 89 3 

Q9 11 22 79 4 

Q10 11 11 6 88 
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Overall Performance 

∙ Average Score: 7.58 out of 10 (75.78 per cent). 

∙ Score Distribution Insight: Most respondents scored high, indicating a solid general 

understanding of the topics. However, about 25 per cent of answers were incorrect or 

varied, suggesting inconsistencies in knowledge depth. 

∙ The correct answers (based on the most comprehensive and logical options aligned with 

standard knowledge in CSA and SDG 2) are: Q1 to b, Q2 to d, Q3 to c, Q4 to c, Q5 to b, 

Q6 to d, Q7 to c, Q8 to c, Q9 to c, Q10 to d. 

Strong Areas: High scores in Q1 to Q3 (80 to 84 per cent) indicate strong awareness of 

foundational CSA concepts, such as agroecology's broad benefits (e.g., soil health, diversity, 

climate adaptation) and participatory methods for community buy to in. 

Weaker Areas: Lower scores in Q7 (71 per cent) and Q9 (68 per cent) suggest gaps in knowledge 

about monitoring tools (e.g., Global Hunger Index) and future projections (e.g., stagnation in 

progress toward Zero Hunger by 2030). Q5 (73 per cent) shows some confusion on how 

intensification balances productivity with environmental resilience. 

Common Errors: Across questions, incorrect choices often favored narrower options (e.g., "a" or 

"b" instead of "all" or "both"), indicating a tendency to overlook integrated, multi to dimensional 

aspects of CSA and SDG 2. 

Patterns: For questions with "all/both" as correct (Q2, Q3, Q4, Q6, Q7, Q8, Q9, Q10), selections 

were skewed toward these (c or d), but 10 to 20 per cent chose partial options (a or b), possibly 

due to underestimating interconnectedness. Q9 had the most "b" choices (22), suggesting partial 

recognition of the GHI's advocacy role but missing its alignment with UN indicators. 

Additional Insights 

Response Timestamps: Spanning from ~January 2025 to ~February 2025 (based on Excel serial 

dates converted approximately), with clusters around certain days, possibly indicating group 

submissions (e.g., from workshops or classes). 

Demographics: Emails suggest diverse participants, including students (e.g., @gmail with names 

like "kaur" or "singh," common in Punjab, India) and some institutional (e.g., @asian.edu). 

Location (Patiala, Punjab) aligns with rain to fed agriculture focus in Q1/Q4. 

Incomplete Responses: ~1 to 2 per cent blanks per question; no major impact on trends. 


