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Abstract:

Climate change has emerged as a critical factor influencing plant growth patterns and agricultural
productivity in India. This study investigates the impact of rising temperatures, shifting precipitation
patterns, and increasing CO: concentrations on major staple crops—rice, wheat, and maize—across five
key agricultural states: Punjab, Uttar Pradesh, Maharashtra, Tamil Nadu, and West Bengal. The research
employs a quantitative approach using historical climate and yield data (2001-2021) sourced from the
Indian Meteorological Department (IMD) and National Innovations in Climate Resilient Agriculture
(NICRA). Multiple Regression Analysis (MRA) was applied to assess the relationship between climate
variables (temperature, rainfall, CO: levels) and crop performance indicators (yield, growth duration, and
phenological changes). The results highlight a consistent increase in temperature (2.3°C to 2.5°C) and a
decline in rainfall (95-140 mm) over 20 years, leading to shortened crop growth cycles and declining
yields. A negative correlation (-0.78 to -0.85) between rising temperatures and crop productivity was
observed, with wheat in Punjab experiencing the highest decline. Additionally, CO- levels increased from
375 ppm to 420 ppm, yet crop yields continued to decline, indicating that heat stress and moisture deficits
outweigh the potential benefits of CO- fertilization. This study fills a crucial literature gap by providing
crop-specific, empirical insights into how climate stressors alter plant growth. The findings emphasize the
urgent need for climate-resilient crop varieties, precision irrigation techniques, early warning systems, and
policy-driven adaptation strategies to safeguard food security. Future research should focus on micro-
climate variability, genetic adaptability, and economic models for sustainable climate adaptation.

Keywords: Climate change, plant growth patterns, Indian agriculture, crop yield reduction, temperature
rise, climate-resilient farming.

1. Introduction

Agriculture remains the cornerstone of India's economy, employing nearly 56% of the population and
contributing 18% to the Gross Domestic Product (GDP) (World Bank, 2021). The sector sustains food
security for over 1.4 billion people and influences global food supply chains. India's diverse agro-climatic
zones support a wide variety of crops, ranging from staple cereals such as rice and wheat to cash crops
like cotton and sugarcane. However, the increasing impact of climate change threatens to disrupt
agricultural productivity, soil fertility, and the overall ecosystem. Rising temperatures, erratic rainfall
patterns, increased frequency of extreme weather events, and shifting climatic zones are significantly
altering plant growth cycles and agricultural yields (Aggarwal, 2003; Guiteras, 2009).
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Climate change manifests through multiple stressors, including elevated atmospheric CO: levels,
increasing temperatures, unpredictable precipitation, and rising incidences of extreme climatic events like
droughts, floods, and cyclones (Dinar, 1998; Rajeevan, 2013). Studies show that over the past 50 years,
India's average annual temperature has risen by 0.6°C, with projections indicating a potential rise of 2-
4°C by the end of the 21st century (IPCC, 2022). This trend is causing shifts in cropping seasons, changes
in soil moisture content, and fluctuations in plant phenology (Kumar & Parikh, 2001). Research suggests
that a 1°C rise in temperature could lead to a 6-10% decline in wheat and rice yields, which form the staple
diet for millions in India (Aggarwal, 2008).

Agricultural crops in India, including wheat, rice, maize, pulses, and oilseeds, are highly sensitive to
climatic variations (Praveen & Sharma, 2020). Climate-induced heat stress affects the vegetative and
reproductive phases of plant development, often leading to yield reductions and increased vulnerability to
pests and diseases (Pathak, 2023). The Indian monsoon, a critical determinant of crop productivity, is
experiencing altered patterns due to climate change. The Southwest Monsoon, which provides 80% of
India’s annual rainfall, is exhibiting greater unpredictability, impacting crop planting, growth cycles, and
harvest yields (Ahmad, Alam, & Haseen, 2011).

As temperatures increase, shorter crop growth cycles and declining yields have become evident in many
Indian states. Studies show that wheat productivity in the Indo-Gangetic plains—India’s breadbasket—is
declining due to increasing nighttime temperatures, leading to lower grain-filling periods (Gadgil, 1995).
Similarly, rice yields are expected to decline by 15-20% by 2050 if adaptive measures are not taken
(Rajeevan, 2013). Climate variability also affects flowering, pollination, and fruit-setting phases, leading
to lower productivity of horticultural crops.

The geographical distribution of major crops in India is shifting. A northward shift in wheat and rice
cultivation has been observed, as warmer climates force traditional farming regions to become less suitable
for these crops (Guiteras, 2009). The tea plantations in Assam and Darjeeling are experiencing changes in
soil acidity and moisture levels, affecting yield and quality. The decline in chill hours required for apple
cultivation in Himachal Pradesh is forcing farmers to shift to higher altitudes (Dinar, 1998).

The consequences of climate change extend beyond agronomic shifts, impacting farm incomes, rural
employment, and food security (Aggarwal, 2008). Small and marginal farmers, who form 80% of India’s
farming community, are particularly vulnerable due to their limited adaptive capacity. With declining crop
yields, the economic burden on farmers has escalated, leading to rising indebtedness and agrarian distress
(Kumar & Parikh, 2001).

To counteract the negative effects of climate change on agriculture, adaptation strategies such as climate-
resilient cropping systems, precision farming, conservation agriculture, and stress-tolerant crop varieties
are being explored (Praveen & Sharma, 2020). Sustainable approaches such as organic farming,
agroforestry, and integrated watershed management can enhance resilience against climatic uncertainties
(Pathak, 2023). Government initiatives like the National Adaptation Fund for Climate Change (NAFCC)
and Pradhan Mantri Krishi Sinchayee Yojana (PMKSY) aim to support farmers in adopting climate-
resilient practices (Ahmad, Alam, & Haseen, 2011).

Understanding the changing plant growth patterns due to climate variability is crucial for ensuring
sustainable agriculture and long-term food security in India. This research provides insights into crop-
specific vulnerabilities, shifting agro-climatic zones, and potential adaptation strategies, aiding
policymakers, agronomists, and farmers in formulating effective mitigation measures (Gadgil, 1995). The
study also highlights the need for technological interventions such as drought-resistant crop varieties,
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improved irrigation infrastructure, and weather-based insurance policies to combat climate change's
adverse effects on Indian agriculture.

2. Literature Review

Climate change has emerged as a major global challenge affecting agricultural productivity, crop growth
patterns, and food security. Researchers have investigated the impact of rising temperatures, erratic
rainfall, and extreme climatic events on different crop varieties, providing empirical evidence on how
Indian agriculture is adapting to these environmental shifts. This literature review examines key scholarly
contributions, highlighting the methodologies, findings, and discussions of various studies related to
climate change and its effects on plant growth in India.

Impact of Climate Change on Crop Productivity

Several studies have quantified the potential reduction in agricultural yields due to climate change. Kumar
et al. (2011) assessed the impact of climate change on crop productivity across India's Western Ghats,
coastal, and northeastern regions using a simulation-based modeling approach. Their study projected that
without adaptation, crop yields could decline by 10-40% by 2080-2100 due to rising temperatures and
decreased precipitation (Kumar et al., 2011).

Another study conducted by Guntukula (2020) analyzed the effects of climate change on major crop yields
in India using econometric modeling techniques. The research found a strong negative correlation between
rising temperatures and rice and wheat yields, with an estimated decline of 1.5-3% per degree Celsius
increase in temperature (Guntukula, 2020).

Effect on Food Security and Agricultural Sustainability
Climate change poses a significant threat to food security in India. Birthal et al. (2014) investigated how
changes in climate variables such as temperature, precipitation, and CO: levels influence food production.
The study emphasized that erratic rainfall and prolonged dry spells led to yield instability for staple crops
such as rice, maize, and pulses (Birthal et al., 2014). Their findings also indicated that regions with high
dependence on rain-fed agriculture are more vulnerable.
Similarly, Chaudhari et al. (2009) explored how climate variability affects kharif and rabi crop production.
Their study confirmed that monsoon variability significantly impacts rice production, while winter season
warming disrupts wheat yields (Chaudhari et al., 2009).

Methodological Approaches in Climate Impact Studies

The use of crop simulation models, decision support systems (DSS), and geographic information systems
(GIS) has become prevalent in climate impact studies. Aggarwal (2003) integrated biophysical models
and simulation techniques to assess the impact of climate variables on Indian agriculture. The study
provided a comparative analysis of projected climate scenarios, estimating potential yield reductions for
rice and wheat in different agro-climatic zones (Aggarwal, 2003).

On the other hand, Vyankatrao (2017) focused on climate change-induced variations in rice productivity
across India. Using predictive models, the study found that changes in monsoon timing and rainfall

distribution could reduce rice yields by 8-12% by 2050, particularly in eastern and southern India
(Vyankatrao, 2017).

Regional Vulnerability and Climate Adaptation Strategies

Studies have also examined regional vulnerabilities and potential adaptation measures. Kelkar et al. (2020)
assessed the impact of climate variability on crop production in Maharashtra using soil-climate-crop
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interaction models. Their findings suggested that low soil moisture retention, combined with increased
temperature stress, significantly lowers crop yields (Kelkar et al., 2020).

Kumar & Gautam (2014) conducted an assessment of climate risks in Indian agriculture, identifying
drought-prone regions such as Rajasthan and Gujarat as the most vulnerable. Their study emphasized the

need for climate-resilient crop varieties and efficient water management strategies (Kumar & Gautam,
2014).

Although existing studies provide valuable insights into the impact of climate change on Indian
agriculture, most research focuses on macro-level assessments, often lacking detailed analysis of specific
plant growth cycles and phenological changes. Additionally, crop-specific adaptation strategies remain
underexplored in empirical research. This study aims to address this gap by conducting a crop-wise
analysis of plant growth variations due to climatic stressors such as temperature fluctuations, altered
rainfall patterns, and CO- fertilization effects. The findings will aid policymakers and farmers in

developing crop-specific adaptation techniques and climate-smart agricultural practices to mitigate
climate change risks.

3. Research Methodology

3.1. Research Design

This study employs a quantitative research approach to analyze the impact of climate change on plant
growth patterns in Indian agriculture. The research follows an observational and empirical design, utilizing
longitudinal data to examine variations in temperature, precipitation, and plant growth cycles across
different agro-climatic zones in India. The study adopts a crop-specific approach, focusing on key food
crops such as rice, wheat, and maize, which are highly sensitive to climate fluctuations.

3.2. Data Source and Collection Method

The primary source of data for this study is the Indian Meteorological Department (IMD) and National
Innovations in Climate Resilient Agriculture (NICRA), which provide historical climate data and crop
yield records. The dataset covers a 20-year period (2001-2021), ensuring a comprehensive analysis of
long-term climate trends and their impact on plant growth patterns. Data were collected for five major
agricultural states—Punjab, Uttar Pradesh, Maharashtra, Tamil Nadu, and West Bengal-—each
representing distinct agro-climatic zones.

The specific details of the data source and collection method are summarized in Table 1.

Table 1: Data Source and Collection Details

Parameter Details

Indian Meteorological Department (IMD), National Innovations in Climate

Pri Data S
HERALY ek BOHEGEE Resilient Agriculture (NICRA)

Study Period 2001-2021 (20 years)
Geographical Scope Punjab, Uttar Pradesh, Maharashtra, Tamil Nadu, West Bengal
Crops Analyzed Rice, Wheat, Maize

Climate Variables
Collected

Agricultural Variables Crop Yield (kg/hectare), Growth Duration (days), Phenological Changes

Temperature (°C), Rainfall (mm), CO: Levels (ppm), Humidity (%)
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Parameter Details
Sampling Method Stratified Sampling based on Agro-climatic Zones
Data Collection Mode Satellite Data, Weather Station Records, Government Reports

3.3. Data Analysis Tool

To analyze the collected data, the study employs Regression Analysis as the primary statistical tool.
Multiple Regression Analysis (MRA) is applied to assess the relationship between climate variables
(temperature, rainfall, CO: levels) and plant growth indicators (crop yield, duration, and phenological
changes). The regression model helps determine the extent of impact of each climate variable on crop
productivity.

The specifics of the data analysis tool are outlined in Table 2.

Table 2: Data Analysis Tool

Analysis Tool Details
Statistical Method Multiple Regression Analysis (MRA)
Independent Variables Temperature, Rainfall, CO: Levels
Dependent Variables Crop Yield, Growth Duration, Phenological Changes
Software Used IBM SPSS v26, R Programming
Purpose Assess impact of climate change variables on plant growth

3.4. Scope and Limitations

This study focuses on three staple crops (Rice, Wheat, Maize), limiting its generalizability to other crop
varieties. The research is confined to five Indian states, representing major agro-climatic zones, but does
not account for regional variations at the micro-level. The study relies on secondary data from government
reports, which may have limitations in real-time accuracy. However, the robust statistical approach ensures
credible and replicable results.

This methodology provides a structured, data-driven approach to filling the literature gap by offering crop-
specific insights into plant growth variations under climate stressors. The results from this analysis will
help inform climate adaptation strategies and policy interventions for sustainable agriculture in India.

4. Results and Analysis

This section presents the quantitative results derived from the multiple regression analysis conducted on
climate and agricultural data for rice, wheat, and maize across five Indian states over a 20-year period
(2001-2021). The results highlight the influence of temperature, rainfall, CO: levels, and humidity on crop
yield, growth duration, and phenological changes. The analysis also examines regional variations in
climate impacts across different agro-climatic zones.
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4.1. Climate Trends in Study Regions (2001-2021)
Table 3: Annual Average Temperature (°C) Trends Across States (2001-2021)

Year Punjab Uttar Pradesh Maharashtra Tamil Nadu West Bengal

2001 24.1 25.3 27.2 29.6 26.5

2005 24.4 25.7 27.8 30.1 26.8

2010 25.1 26.3 28.4 30.5 27.2

2015 25.7 27.0 29.1 31.2 27.6

2021 26.4 27.8 29.9 32.1 28.3
Interpretation:

The average annual temperature across all states showed an increasing trend, with Punjab and Uttar
Pradesh experiencing a 2.3°C rise over 20 years, while Tamil Nadu observed the highest temperature
increase (2.5°C). Higher temperatures accelerate crop maturation, potentially reducing growth duration
and overall yield.
4.2. Impact of Rainfall Variability on Crop Growth

Table 4: Annual Rainfall (mm) Trends Across States (2001-2021)

Year | Punjab Uttar Pradesh Mabharashtra Tamil Nadu West Bengal

2001 670 850 1100 980 1300

2005 655 830 1080 950 1275

2010 630 805 1065 920 1250

2015 600 780 1035 890 1215

2021 575 750 1010 860 1190
Interpretation:

There is a consistent decline in annual rainfall across all states, with Punjab and Uttar Pradesh experiencing
a 95-100 mm reduction over two decades. West Bengal, which relies heavily on monsoons, also saw a 110
mm decline. Lower rainfall can lead to increased water stress, negatively affecting plant growth cycles
and reducing crop yield.
4.3. Effect of Climate Change on Crop Yield

Table 5: Average Yield (kg/hectare) Trends for Major Crops Across Five States (2001-2021)

Year Rgeen(g\zlgﬁ Wheat (Punjab)|| Maize (Maharashtra) R1<§;§§;11 il Wﬁ::;éi?ar

2001 4600 5000 4100 4300 4800

2005 4500 4900 4050 4250 4700

2010 4350 4700 3950 4100 4550

2015 4200 4500 3800 3950 4400

2021 4000 4300 3650 3800 4200
Interpretation:

The data show a consistent decline in crop yields across all five states, with rice yield in West Bengal
dropping by 600 kg/ha, wheat in Punjab by 700 kg/ha, and maize in Maharashtra by 450 kg/ha over two

IJFMR250137427 Volume 7, Issue 1, January-February 2025 6



https://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

i

IJFMR

E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

decades. Tamil Nadu and Uttar Pradesh also experienced significant reductions in rice and wheat
productivity, respectively. These reductions correlate with higher temperatures and lower rainfall,
emphasizing the need for climate-resilient crop varieties and improved irrigation management.
4.4. Impact of CO: Concentration on Crop Growth Duration

Table 6: Changes in Growth Duration (Days) for Key Crops (2001-2021)

Year Rllgcsn(g\zle;ﬁ Wheat (Punjab)|| Maize (Maharashtra) Rl?;(;rj)m il Wﬁfzééi?ar
2001 135 150 120 130 145
2005 130 145 118 127 140
2010 125 140 115 122 135
2015 120 135 110 118 130
2021 115 130 105 113 125
Interpretation:

The growth duration of all crops has reduced over time, with rice, wheat, and maize showing a decline of
15-20 days in the last two decades. This reduction is linked to higher temperatures accelerating plant
metabolism, leading to shorter crop cycles. Although faster growth may initially seem beneficial, it reduces
grain-filling time, ultimately leading to lower yields.

4.5. Correlation Between Temperature and Crop Yield

Table 7: Correlation Coefficients Between Temperature and Yield for Different Crops (2001-2021)

Cro Punjab Uttar Pradesh Maharashtra Tamil Nadu || West Bengal
P (Wheat) (Wheat) (Maize) (Rice) (Rice)
T
emperature 0.85 0.81 0.78 0.83 -0.80
)
Interpretation:

The negative correlation coefticients (-0.85 to -0.78) indicate a strong inverse relationship between rising
temperatures and crop yields. Wheat in Punjab shows the highest correlation (-0.85), suggesting that every
1°C increase in temperature significantly reduces wheat yields. Rice production in Tamil Nadu and West
Bengal also shows a strong negative correlation, highlighting the importance of temperature regulation in
sustaining crop productivity.
4.6. Rainfall Deviation and Its Effect on Yield

Table 8: Rainfall Deviation from Normal (mm) and Yield Reduction (%) (2001-2021)

Year ||Punjab (Wheat) Uttg;}iz(ti; sh Mabharashtra (Maize) Tar(nI;liCI;I? du We(s;]ieer)lgal
2001 0 0 0 0 0

2005 -20 -25 -30 -40 -35

2010 -40 -55 -65 =75 -70

2015 -70 -90 -95 -110 -105

2021 -95 -110 -125 -140 -130
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Interpretation:
The rainfall deviation from normal levels has worsened over time, leading to a steady decline in crop
yields. For instance, West Bengal and Tamil Nadu observed rainfall deviations of over 130 mm by 2021,
leading to greater reductions in rice productivity. Crops grown in rain-fed regions (like Maharashtra for
maize) are particularly vulnerable, with yield reductions of up to 25% in 20 years.
4.7. Changes in CO: Levels and Its Influence on Crop Productivity

Table 9: CO: Concentration (ppm) and Crop Yield Trends (2001-2021)

Year ||CO: Level (ppm) R1cegel z;l()weSt Wheat Yield (Punjab) || Maize Yield (Maharashtra)
2001 375 4600 5000 4100
2005 380 4500 4900 4050
2010 390 4350 4700 3950
2015 405 4200 4500 3800
2021 420 4000 4300 3650

Interpretation:
CO: levels have risen from 375 ppm in 2001 to 420 ppm in 2021, yet the crop yields have consistently
declined, indicating that the negative effects of climate change outweigh any CO: fertilization benefits.
While CO2 may enhance photosynthesis, factors such as higher temperatures, water stress, and soil
degradation negatively impact yields.
4.8. Multiple Regression Analysis (MRA) Results
To assess the relationship between climate variables (independent variables: temperature, rainfall, CO:
levels) and crop performance indicators (dependent variables: yield, growth duration, phenological
changes), Multiple Regression Analysis (MRA) was conducted. The regression equation used is:
Y = B0 + B1(T) + B2(R)+ B3(C) + ¢
Where:
e Y =Crop Yield (kg/hectare) or Growth Duration (days)
e T =Temperature (°C)
e R =Rainfall (mm)
e C=CO0:levels (ppm)
e [0 = Intercept
o PBI1, B2, B3 = Regression coefficients
e ¢ = Error term

Table 10: Regression Coefficients for Climate Variables on Crop Yield

Crop Intercept (B0) | Temperature (B1) || Rainfall (B2) | CO: Levels (B3) | R?
Wheat (Punjab) 5280 -175 (p < 0.01) || 42 (p <0.05) -8 (p<0.05) |0.82
Wheat (Uttar Pradesh) 5050 -160 (p <0.01) | 38 (p <0.05) -7(p <0.05) 0.79
Rice (Tamil Nadu) 4550 -150 (p<0.01) |49 (p<0.01)|| -10(p<0.05) |0.84
Rice (West Bengal) 4700 -145 (p <0.01) | 52 (p<0.01) 9(P<0.05 |0.83
Maize (Maharashtra) 4300 -135(p<0.01) | 33 (p<0.05) -6 (p <0.05) ||0.78
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Interpretation:

e Temperature (B1) shows a strong negative effect on yield across all crops, with the highest impact on
wheat in Punjab (-175 kg/ha per °C rise).

o Rainfall ($2) has a positive impact on crop yield, with the highest influence on rice in West Bengal (52
kg/ha per mm increase).

e (CO: levels (B3) show a minor negative effect, indicating that the expected CO- fertilization benefits
do not offset the adverse effects of heat stress and water scarcity.

e The R? values (0.78-0.84) indicate that 78% to 84% of yield variation can be explained by climate
variables.

Table 11: Regression Coefficients for Climate Variables on Growth Duration

Crop Intercept (B0) | Temperature (B1) || Rainfall (B2) || CO: Levels (f3) || R?
Wheat (Punjab) 160 -4.8 (p<0.01) 1.2 (p<0.05( -0.3(p<0.05) |0.80
Wheat (Uttar Pradesh) 155 -4.5 (p<0.01) 1.1 (p<0.05) | -0.2(p<0.05) |0.77
Rice (Tamil Nadu) 145 -3.9 (p<0.01) 1.5(p<0.05)| -0.4(p<0.05) |0.79
Rice (West Bengal) 150 -3.6 (p <0.01) 1.6 (p<0.05)| -0.5(p<0.05) |0.81
Maize (Maharashtra) 135 3.2 (p<0.01) 1.0(p<0.05) | -0.2(p<0.05) ||0.75
Interpretation:
e Temperature (B1) negatively impacts growth duration, causing shorter vegetative and reproductive
cycles.

» Rainfall (82) has a small but positive effect, suggesting that better moisture availability can slow the
shortening of growth duration.

e (CO:2 (B3) has a minor negative effect, further supporting that CO: fertilization does not significantly
extend crop cycles.

e The R? values (0.75-0.81) confirm that climate variables explain most of the variation in growth
duration.

5. Discussion

5.1. Interpretation of Key Findings

The results of this study provide significant insights into the impact of climate change on plant growth
patterns in Indian agriculture. By comparing these findings with previous literature, it becomes evident
that climate variables such as temperature, rainfall, and CO- levels play a crucial role in determining crop
productivity, phenological changes, and overall agricultural sustainability. This discussion evaluates these
results in the context of existing studies and highlights their contribution to filling the identified literature
gap.

5.1.1. Increasing Temperature and Its Impact on Crop Growth

The data in Table 3 revealed a 2.3°C to 2.5°C increase in annual average temperature across five major
agricultural states over two decades. This trend aligns with the study by Kumar et al. (2011), which
projected a 1.5°C—2.5°C rise in Indian agricultural zones by 2050. The impact of such warming on crop
growth is profound. The study found that wheat yield in Punjab (Table 5) declined by 700 kg/ha over 20
years, which corresponds to the findings of Guntukula (2020), who reported that each 1°C rise leads to a
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3-5% reduction in wheat yield.

Additionally, the negative correlation between temperature and crop yield (Table 7), with coefficients
ranging from -0.78 to -0.85, supports the results of Chaudhari et al. (2009), who found a negative
correlation of -0.80 for wheat and -0.75 for rice in high-temperature regions. The rapid shortening of crop
growth duration (Table 6) further confirms the findings of Vyankatrao (2017), who noted that higher
temperatures reduce grain-filling periods, ultimately lowering final yield. These results suggest that
temperature control through agronomic interventions, such as adjusted sowing dates and heat-resistant
crop varieties, is essential for maintaining yield stability.

5.1.2. Declining Rainfall and Water Stress on Crops

A consistent decline in annual rainfall was observed in Table 4, with Punjab and Uttar Pradesh
experiencing a 95-100 mm reduction, and Tamil Nadu and West Bengal showing over a 130 mm reduction
in 20 years. This decline aligns with Birthal et al. (2014), who reported a 10-15% decrease in annual
rainfall across northern and eastern India between 1990 and 2020. The negative effects of reduced rainfall
on crop yield (Table 8) are consistent with the findings of Kelkar et al. (2020), who observed that rainfall
variations contributed to a 12-20% reduction in maize and wheat productivity.

In regions where rain-fed agriculture is dominant (such as Maharashtra for maize), yield losses of up to
25% were recorded over 20 years (Table 8). This supports Kumar & Gautam (2014), who found that rain-
fed crops, particularly maize and pulses, are highly vulnerable to unpredictable monsoon patterns. The
observed relationship between rainfall deviation and crop yield reduction suggests the need for improved
irrigation systems, water conservation techniques, and resilient cropping patterns to mitigate climate-
induced water stress.

5.1.3. CO: Levels and the Paradox of Productivity

CO: concentrations increased from 375 ppm in 2001 to 420 ppm in 2021 (Table 9), yet crop yields declined
steadily, contradicting the common hypothesis that higher CO. levels boost plant growth via
photosynthesis enhancement. The findings align with Aggarwal (2003), who suggested that any potential
benefits of increased CO- are offset by higher temperatures and moisture stress. This result is also in line
with Pathak (2023), who found that CO:-induced yield improvements are only effective when combined
with adequate water availability.

Despite higher CO: levels, crop yields declined due to heat stress, altered growth duration, and limited
soil moisture. These findings challenge the assumption that rising CO- alone can compensate for other
climate-induced stressors and emphasize the need for a holistic adaptation strategy that integrates CO-
management with sustainable farming practices.

5.2. Contribution to the Literature Gap

This study aimed to address key gaps in the literature by providing a detailed, crop-specific analysis of

plant growth variations under climate stressors. While previous research focused on broad-scale

agricultural trends and climate change predictions, this study contributes by:

1. Providing empirical data on crop-wise growth duration reductions (Table 6) — filling the knowledge
gap on how climate factors affect individual crop cycles.

2. Quantifying the temperature-yield relationship using correlation analysis (Table 7) — addressing the
need for statistical validation of climate change impacts.

3. Identifying the paradox of rising CO- levels and declining crop productivity (Table 9) — highlighting
that CO: fertilization alone is insufficient for yield enhancement.
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4. Incorporating regional rainfall deviations (Table 8) — presenting an in-depth analysis of water stress
patterns across multiple agro-climatic zones.

These contributions enhance the existing body of research by providing precise, quantitative insights that

policymakers and agricultural scientists can use for developing targeted adaptation strategies.

5.3. Implications and Policy Recommendations

The findings of this study have significant agricultural, economic, and policy implications, which

emphasize the urgency for climate adaptation and mitigation strategies.

5.3.1. Agricultural Adaptation Strategies

1. Development of Heat-Resistant and Drought-Tolerant Crop Varieties: Since temperature increases and
rainfall deficits are leading causes of yield reduction, the development and promotion of climate-
resilient seed varieties must be prioritized.

2. Precision Farming and Smart Irrigation Techniques: To counteract rainfall variability and optimize
water use, drip irrigation, micro-irrigation, and soil moisture conservation should be expanded in
vulnerable regions.

3. Crop Diversification and Resilient Cropping Patterns: Farmers should be encouraged to adopt crop
diversification, moving away from water-intensive crops (such as rice in Tamil Nadu) to more drought-
resistant crops like millet.

5.3.2. Policy Interventions for Climate-Resilient Agriculture

1. Expansion of Climate-Insurance Schemes: Given the increasing unpredictability of climate variables,
crop insurance policies should be revised to cover heat and drought-related yield losses.

2. Strengthening Early Warning Systems: Accurate climate forecasting and real-time weather advisory
services should be integrated into farming communities, helping farmers make informed decisions.

3. Carbon-Sequestration and Sustainable Soil Management: Since CO- levels are rising without boosting
yields, policies must focus on carbon sequestration techniques, afforestation, and regenerative soil
practices to enhance long-term sustainability.

5.3.3. Socioeconomic Considerations

1. Support for Small and Marginal Farmers: Smallholder farmers, who constitute over 80% of India’s
farming community, need financial assistance, training, and access to climate-smart technologies.

2. Market Linkages for Climate-Adaptive Crops: Government agencies should strengthen value chains
for climate-resilient crops, ensuring fair pricing and market accessibility.

5.4. Future Research Directions

While this study provides valuable insights into climate change’s impact on crop growth in India,
additional research is needed to:

1. Examine micro-climate variations at a district level for more granular data analysis.

2. Investigate the role of organic farming and agroforestry as climate adaptation tools.

3. Study the genetic adaptability of key crops to rising temperatures and shifting phenology.

Future studies should also explore economic models for climate adaptation, ensuring that policies are
financially viable for both farmers and governments.

The findings of this study confirm that climate change is severely impacting crop yields, growth duration,
and regional agro-ecosystems in India. The observed trends of rising temperatures, declining rainfall, and
yield reductions align with previous literature but provide new insights through crop-specific, empirical
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analysis. This research fills the literature gap by quantifying the relationship between climate variables
and plant growth cycles, offering a data-driven foundation for adaptation strategies.

The results underscore the urgent need for agricultural innovation, policy reform, and climate adaptation
strategies to mitigate risks and ensure food security in India. By leveraging scientific advancements,
sustainable practices, and climate-smart policies, India can build a resilient agricultural sector capable of
withstanding future climate challenges.

6. Conclusion

This study has comprehensively examined the impact of climate change on plant growth patterns in Indian
agriculture, focusing on three key crops—rice, wheat, and maize—across five major agricultural states.
The findings highlight a clear declining trend in crop yield, growth duration, and overall agricultural
productivity, directly linked to rising temperatures, decreasing rainfall, and increasing CO: concentrations.
Over the 20-year study period (2001-2021), the average annual temperature across all five states increased
by 2.3°C to 2.5°C, leading to shortened crop cycles, heat stress, and significant yield reductions. Rainfall
patterns showed a consistent decline of 95-140 mm, exacerbating water stress and negatively affecting
moisture-dependent crops like rice and wheat. The study also found a strong negative correlation (-0.78
to -0.85) between temperature rise and crop yield, indicating that even minor fluctuations in climate
variables can substantially influence agricultural productivity.

One of the most significant findings of this research is the paradox of rising CO: levels and declining crop
yields. While theoretical models suggest that higher CO: concentrations should enhance photosynthesis
and crop productivity, this study demonstrated that heat stress, water scarcity, and soil degradation
overshadow any potential benefits. The findings confirm that CO: fertilization alone is insufficient to
offset the adverse effects of climate change, reinforcing the need for a holistic climate adaptation approach
that integrates heat-tolerant crop varieties, efficient irrigation systems, and sustainable soil management
practices.

The broader implications of these findings extend beyond agriculture, affecting food security, rural
livelihoods, and economic stability in India. Given that agriculture employs nearly 56% of India’s
workforce, any decline in crop productivity directly threatens farmer incomes and national food supply
chains. Reduced yields in wheat and rice, the country’s staple grains, pose risks to nutrition security and
market stability, potentially leading to price fluctuations and increased dependence on food imports. The
study underscores the urgency of policy interventions, particularly in expanding climate insurance
schemes, strengthening early warning systems, and investing in climate-resilient agricultural
infrastructure.

This research fills a crucial literature gap by providing crop-specific empirical evidence on how changing
climatic conditions affect plant growth duration, yield reduction, and phenological shifts. Unlike broader
macro-level studies, this research contributes granular insights that policymakers and agricultural
scientists can use to develop region-specific adaptation strategies. By analyzing long-term data trends and
employing multiple regression analysis, this study offers a data-driven approach to tackling climate-
induced agricultural challenges.

The need for future research and innovation in climate-resilient farming is more critical than ever. Further
studies should explore district-level micro-climatic variations, genetic adaptability of staple crops, and
economic models for sustainable climate adaptation. Integrating precision agriculture technologies, Al-
driven climate forecasting, and farmer-driven adaptation strategies can pave the way for a more sustainable
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and resilient agricultural sector. By proactively addressing climate risks, India can safeguard its
agricultural heritage, ensure food security, and build a more resilient farming ecosystem for future
generations.

References (APA Style with Full URLSs)

1. Aggarwal, P.K. (2003). Impact of climate change on Indian agriculture. ResearchGate. Retrieved from
http://www.researchgate.net/profile/Pk-
Aggarwal/publication/279500604 Impacts_of Climate change on_Agriculture/links/618b67536110
98772079ec64/Impacts-of-Climate-change-on-Agriculture.pdf

2. Guiteras, R. (2009). The impact of climate change on Indian agriculture. Economic Research Paper.

Retrieved from http://econdse.org/wp-
content/uploads/2014/04/guiteras_climate change indian_agriculture sep 2009.pdf

3. Dinar, A. (1998). Measuring the impact of climate change on Indian agriculture. Google Books.
Retrieved from
http://books.google.com/books?hl=en&Ilr=&id=xxAzR4exXi0C&oi=fnd&pg=PR6&dg=climate+cha
nget+impactton+tindiantagriculture

4. Rajeevan, M. (2013). Climate change and its impact on Indian agriculture. NIAS Eprints. Retrieved
from http://eprints.nias.res.in/379/1/SP4-2013-pks-
Climate change and_sustainable food_security.pdf#page=15

5. Kumar, K., & Parikh, J. (2001). Socio-economic impacts of climate change on Indian agriculture.

ResearchGate. Retrieved from http://www.researchgate.net/profile/Kavi-Kumar-
2/publication/339295834 Socio-
economic_Impacts_of Climate Change on_Indian_Agriculture/links/5e48f83ea6fdccd965a924de/S
ocio-economic-Impacts-of-Climate-Change-on-Indian-Agriculture.pdf

6. Praveen, B., & Sharma, P. (2020). Climate change and its impacts on Indian agriculture: An
econometric analysis. Wiley. Retrieved from http://onlinelibrary.wiley.com/doi/10.1002/pa.1972

7. Pathak, H. (2023). Impact, adaptation, and mitigation of climate change in Indian agriculture.
Springer. Retrieved from http://link.springer.com/article/10.1007/s10661-022-10537-3

8. Ahmad, J., Alam, D., & Haseen, M.S. (2011). Impact of climate change on agriculture and food

security in India. Indian Journals. Retrieved from
http://www.indianjournals.com/ijor.aspx?target=ijor:ijacb&volume=4&issue=2 &article=007

9. Kumar, S.N., Aggarwal, PK., Rani, S., Jain, S., & Saxena, R. (2011). Impact of climate change on
crop productivity in Western Ghats, coastal and northeastern regions of India. ResearchGate. Retrieved

from http://www.researchgate.net/profile/Pk-
Aggarwal/publication/267560249 Impact_of climate change on_crop_productivity_in_ Western G
hats_coastal _and northeastern_regions_of India/links/545caal80cf27487b44b9fdS/Impact-of-
climate-change-on-crop-productivity-in-Western-Ghats-coastal-and-northeastern-regions-of-
India.pdf

10. Guntukula, R. (2020). Assessing the impact of climate change on Indian agriculture: Evidence from
major crop yields. Wiley. Retrieved from http://onlinelibrary.wiley.com/doi/10.1002/pa.2040

11. Birthal, P.S., Khan, T., & Negi, D.S. (2014). Impact of climate change on yields of major food crops
in  India:  Implications for food security. Indian  Journals.  Retrieved  from
http://ageconsearch.umn.edu/record/196659/files/1-PS-Birthal.pdf

IJFMR250137427 Volume 7, Issue 1, January-February 2025 13



https://www.ijfmr.com/
http://www.researchgate.net/profile/Pk-Aggarwal/publication/279500604_Impacts_of_Climate_change_on_Agriculture/links/618b675361f098772079ec64/Impacts-of-Climate-change-on-Agriculture.pdf
http://www.researchgate.net/profile/Pk-Aggarwal/publication/279500604_Impacts_of_Climate_change_on_Agriculture/links/618b675361f098772079ec64/Impacts-of-Climate-change-on-Agriculture.pdf
http://www.researchgate.net/profile/Pk-Aggarwal/publication/279500604_Impacts_of_Climate_change_on_Agriculture/links/618b675361f098772079ec64/Impacts-of-Climate-change-on-Agriculture.pdf
http://econdse.org/wp-content/uploads/2014/04/guiteras_climate_change_indian_agriculture_sep_2009.pdf
http://econdse.org/wp-content/uploads/2014/04/guiteras_climate_change_indian_agriculture_sep_2009.pdf
http://books.google.com/books?hl=en&lr=&id=xxAzR4exXi0C&oi=fnd&pg=PR6&dq=climate+change+impact+on+indian+agriculture
http://books.google.com/books?hl=en&lr=&id=xxAzR4exXi0C&oi=fnd&pg=PR6&dq=climate+change+impact+on+indian+agriculture
http://eprints.nias.res.in/379/1/SP4-2013-pks-Climate_change_and_sustainable_food_security.pdf#page=15
http://eprints.nias.res.in/379/1/SP4-2013-pks-Climate_change_and_sustainable_food_security.pdf#page=15
http://www.researchgate.net/profile/Kavi-Kumar-2/publication/339295834_Socio-economic_Impacts_of_Climate_Change_on_Indian_Agriculture/links/5e48f83ea6fdccd965a924de/Socio-economic-Impacts-of-Climate-Change-on-Indian-Agriculture.pdf
http://www.researchgate.net/profile/Kavi-Kumar-2/publication/339295834_Socio-economic_Impacts_of_Climate_Change_on_Indian_Agriculture/links/5e48f83ea6fdccd965a924de/Socio-economic-Impacts-of-Climate-Change-on-Indian-Agriculture.pdf
http://www.researchgate.net/profile/Kavi-Kumar-2/publication/339295834_Socio-economic_Impacts_of_Climate_Change_on_Indian_Agriculture/links/5e48f83ea6fdccd965a924de/Socio-economic-Impacts-of-Climate-Change-on-Indian-Agriculture.pdf
http://www.researchgate.net/profile/Kavi-Kumar-2/publication/339295834_Socio-economic_Impacts_of_Climate_Change_on_Indian_Agriculture/links/5e48f83ea6fdccd965a924de/Socio-economic-Impacts-of-Climate-Change-on-Indian-Agriculture.pdf
http://onlinelibrary.wiley.com/doi/10.1002/pa.1972
http://link.springer.com/article/10.1007/s10661-022-10537-3
http://www.indianjournals.com/ijor.aspx?target=ijor:ijaeb&volume=4&issue=2&article=007
http://www.researchgate.net/profile/Pk-Aggarwal/publication/267560249_Impact_of_climate_change_on_crop_productivity_in_Western_Ghats_coastal_and_northeastern_regions_of_India/links/545caa180cf27487b44b9fd5/Impact-of-climate-change-on-crop-productivity-in-Western-Ghats-coastal-and-northeastern-regions-of-India.pdf
http://www.researchgate.net/profile/Pk-Aggarwal/publication/267560249_Impact_of_climate_change_on_crop_productivity_in_Western_Ghats_coastal_and_northeastern_regions_of_India/links/545caa180cf27487b44b9fd5/Impact-of-climate-change-on-crop-productivity-in-Western-Ghats-coastal-and-northeastern-regions-of-India.pdf
http://www.researchgate.net/profile/Pk-Aggarwal/publication/267560249_Impact_of_climate_change_on_crop_productivity_in_Western_Ghats_coastal_and_northeastern_regions_of_India/links/545caa180cf27487b44b9fd5/Impact-of-climate-change-on-crop-productivity-in-Western-Ghats-coastal-and-northeastern-regions-of-India.pdf
http://www.researchgate.net/profile/Pk-Aggarwal/publication/267560249_Impact_of_climate_change_on_crop_productivity_in_Western_Ghats_coastal_and_northeastern_regions_of_India/links/545caa180cf27487b44b9fd5/Impact-of-climate-change-on-crop-productivity-in-Western-Ghats-coastal-and-northeastern-regions-of-India.pdf
http://www.researchgate.net/profile/Pk-Aggarwal/publication/267560249_Impact_of_climate_change_on_crop_productivity_in_Western_Ghats_coastal_and_northeastern_regions_of_India/links/545caa180cf27487b44b9fd5/Impact-of-climate-change-on-crop-productivity-in-Western-Ghats-coastal-and-northeastern-regions-of-India.pdf
http://onlinelibrary.wiley.com/doi/10.1002/pa.2040
http://ageconsearch.umn.edu/record/196659/files/1-PS-Birthal.pdf

~ Y International Journal for Multidisciplinary Research (IJFMR)

i

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

12. Chaudhari, K.N., Oza, M.P., & Ray, S.S. (2009). Impact of climate change on yields of major food
crops in India. ResearchGate. Retrieved from http://www.researchgate.net/profile/Markand-
Oza/publication/259621299 IMPACT OF CLIMATE _CHANGE ON_YIELDS OF MAJOR_FO
OD_CROPS_IN_INDIA/links/00b4952cecc62a5¢c0e000000/IMPACT-OF-CLIMATE-CHANGE-
ON-YIELDS-OF-MAJOR-FOOD-CROPS-IN-INDIA .pdf

13. Vyankatrao, N.P. (2017). Impact of climate change on agricultural production in India: effect on rice
productivity.  ResearchGate.  Retrieved  from  http://www.researchgate.net/profile/Pratap-
Naikwade/publication/322100094_Impact_of climate change on_agricultural production_in_India
_effect_on_rice_productivity/links/5a44e68b0f7e9ba868a7d89c/Impact-of-climate-change-on-
agricultural-production-in-India-effect-on-rice-productivity.pdf

IJFMR250137427 Volume 7, Issue 1, January-February 2025 14



https://www.ijfmr.com/
http://www.researchgate.net/profile/Markand-Oza/publication/259621299_IMPACT_OF_CLIMATE_CHANGE_ON_YIELDS_OF_MAJOR_FOOD_CROPS_IN_INDIA/links/00b4952cecc62a5c0e000000/IMPACT-OF-CLIMATE-CHANGE-ON-YIELDS-OF-MAJOR-FOOD-CROPS-IN-INDIA.pdf
http://www.researchgate.net/profile/Markand-Oza/publication/259621299_IMPACT_OF_CLIMATE_CHANGE_ON_YIELDS_OF_MAJOR_FOOD_CROPS_IN_INDIA/links/00b4952cecc62a5c0e000000/IMPACT-OF-CLIMATE-CHANGE-ON-YIELDS-OF-MAJOR-FOOD-CROPS-IN-INDIA.pdf
http://www.researchgate.net/profile/Markand-Oza/publication/259621299_IMPACT_OF_CLIMATE_CHANGE_ON_YIELDS_OF_MAJOR_FOOD_CROPS_IN_INDIA/links/00b4952cecc62a5c0e000000/IMPACT-OF-CLIMATE-CHANGE-ON-YIELDS-OF-MAJOR-FOOD-CROPS-IN-INDIA.pdf
http://www.researchgate.net/profile/Markand-Oza/publication/259621299_IMPACT_OF_CLIMATE_CHANGE_ON_YIELDS_OF_MAJOR_FOOD_CROPS_IN_INDIA/links/00b4952cecc62a5c0e000000/IMPACT-OF-CLIMATE-CHANGE-ON-YIELDS-OF-MAJOR-FOOD-CROPS-IN-INDIA.pdf
http://www.researchgate.net/profile/Pratap-Naikwade/publication/322100094_Impact_of_climate_change_on_agricultural_production_in_India_effect_on_rice_productivity/links/5a44e68b0f7e9ba868a7d89c/Impact-of-climate-change-on-agricultural-production-in-India-effect-on-rice-productivity.pdf
http://www.researchgate.net/profile/Pratap-Naikwade/publication/322100094_Impact_of_climate_change_on_agricultural_production_in_India_effect_on_rice_productivity/links/5a44e68b0f7e9ba868a7d89c/Impact-of-climate-change-on-agricultural-production-in-India-effect-on-rice-productivity.pdf
http://www.researchgate.net/profile/Pratap-Naikwade/publication/322100094_Impact_of_climate_change_on_agricultural_production_in_India_effect_on_rice_productivity/links/5a44e68b0f7e9ba868a7d89c/Impact-of-climate-change-on-agricultural-production-in-India-effect-on-rice-productivity.pdf
http://www.researchgate.net/profile/Pratap-Naikwade/publication/322100094_Impact_of_climate_change_on_agricultural_production_in_India_effect_on_rice_productivity/links/5a44e68b0f7e9ba868a7d89c/Impact-of-climate-change-on-agricultural-production-in-India-effect-on-rice-productivity.pdf

