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	ABSTRACT	
Climate	change	has	emerged	as	a	critical	global	challenge,	signi�icantly	impacting	agricultural	systems	worldwide.	This	synthesis	
examines	 recent	 studies	 on	 how	 agriculture	 is	 affected	 by	 climate	 change	 and	 delves	 into	 diverse	 strategies	 for	 adaptation.	
Increasing	temperatures,	changing	precipitation	patterns,	and	more	frequent	extreme	weather	events	are	disrupting	crop	yields,	

stsoil	conditions,	and	water	resources.	According	to	the	IPCC,	global	temperatures	could	rise	by	0.3-4.8°C	by	the	end	of	21 	century,	
bringing	about	intense	weather	occurrences,	altered	rainfall	patterns,	and	rising	sea	levels.	Climate	change	signi�icantly	impacts	the	
yields	of	primary	global	food	crops	such	as	maize,	wheat,	and	rice.	Elevated	temperatures,	evolving	precipitation	patterns,	and	
heightened	extreme	weather	events	are	major	contributors	to	these	changes.	Various	studies	have	shown	that	these	climatic	factors	
lead	to	substantial	yield	reductions	and	decreased	crop	productivity	across	different	regions.	Vulnerability	is	especially	pronounced	
among	 small-scale	 farmers	 due	 to	 their	 dependence	 on	 natural	 resources.	 Adaptation	 strategies,	 such	as	 crop	 diversi�ication,	
improved	 irrigation,	 and	 climate-resilient	 crop	 varieties,	 are	 critical.	 Collaborative	 efforts	 among	 farmers,	 policymakers,	 and	
researchers	are	essential	 for	developing	and	 implementing	these	measures.	This	review	endeavors	 to	enrich	comprehension	of	
climate	change	impacts	and	effective	adaptive	strategies,	thereby	bolstering	robustness	and	long-term	viability	 in	agricultural	
systems.
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INTRODUCTION
Climate change has become a prominent global challenge, 
involving various environmental shifts. It is de�ined as climate 
change as “a change in the state of the climate that can be 
identi�ied by changes in its mean and/or variability over an 
extended period, typically decades or longer” This de�inition [1]. 
encompasses changes in climate attributes identi�iable through 
statistical analysis, recognizing that these shifts may stem from 
natural �luctuations or human actions. In contrast, the United 
Nations Framework Convention on Climate Change (UNFCCC) 
offers a more targeted de�inition, describing climate change as 
“changes in climate attributable directly or indirectly to human 
activity that alters the composition of the global atmosphere, 
distinct from natural climate variability observed over similar 
periods” . This de�inition highlights the role of human [2]
activities in causing climate change, emphasizing their in�luence 
on atmospheric composition and their impact on the global 
climate system, surpassing natural �luctuations.
Agriculture is both an emitter and absorber of greenhouse gases 
in the atmosphere, contributing primarily to CO , N O, and CH  2 2 4

emissions. GHG emissions from agriculture mainly arise from 
energy use (including the production and deployment of 
agricultural inputs and machinery) and practices for land

management . The food system alone contributes [3]
approximately one-third of global anthropogenic emissions, 
with agriculture being a signi�icant source of non-CO2 GHGs 
such as nitrous oxide and methane, especially in developing 
countries. In developed nations, most emissions stem from 
post-processing activities, whereas in developing countries, 
two-thirds arise from agricultural production.

Fig.	1:	Contribution	of	different	sectors	in	Global	Green	House	Gas	emissions

In India, GHG emissions are primarily contributed by various 
sectors namely energy sector (62%) which includes electricity 
and heat production (49%) and transport (13%), followed by 
industries (23%), agriculture (14%)  waste (3%) . The [4] [5]and
agriculture sector contributes signi�icantly to GHG emissions 
through various activities across different categories of 
agriculture namely livestock (30-35%) rice cultivation (10-[6], 
12%) , biomass burning  and fertilizer use .[7] [8] [9]
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Numerous indicators which include rising global temperatures, 
declining groundwater levels, droughts, variable rainfall 
patterns, �loods, soil erosion, changes in wind speed, sea level 
rise due to glacier melting, cyclones, hailstorms, fog, 
earthquakes, landslides, increasing ocean temperatures, ocean 
acidi�ication stress the reality of climate change . [10]

Table	1:	Various	approaches	to	understanding	the	potential	impacts	of	climate	change	include:

Fig.	2:	Contribution	of	different	sectors	in	Indian	Green	House	Gas	emissions

Source:	[1,	21]

Studies consistently indicate that crops are highly sensitive to 
changes in temperature, suggesting strong con�idence in their 
potential vulnerability to climate change Climate change [1.21]. 
is not only a challenge for India but for all countries facing its 
adverse effects. The diverse effects of climate change on 
agriculture underscore the necessity for tailored adaptation and 
mitigation strategies, particularly in vulnerable developing 
economies. Extreme climate changes will signi�icantly impact 
agricultural productivity and food supplies without mitigation 
and adaptation measures. This poses risks to the livelihoods of 
farming communities and undermines government efforts to 
improve food security, combat malnutrition, and reduce 
poverty. Many researchers emphasize adaptation as a crucial 
policy approach to address the unavoidable consequences of 
climate change . The combined �indings from these [22-24]
approaches can offer valuable policy insights. In this study, we 
explore the potential effects of climate change on the 
productivity of key food crops and investigate the adaptation 
strategies adopted by farmers in response to these shifts.

Projected	impact	of	climate	change	
The report from IPCC highlighted that climate change has 
already impacted food security through rising temperatures, 
shifting precipitation patterns, and more frequent extreme 
weather events . Previous IPCC assessments projected [25]

stfuture global temperature increases of 1.8–4°C by the end of 21  
century, alongside increased variability in rainfall and 
heightened occurrences of extreme events like heat waves, cold 
spells, droughts, and �loods . Since the 19th century, average [1]
global surface temperatures have risen by 0.6 ± 0.2 °C and are 
anticipated to increase by 0.3–2.5 °C in the next 50 years and 
1.4–5.8 °C by the end of this century . According to NASA, 19 [1]
of the 20 warmest years since 2001 (excluding 1998) have 

stoccurred in the 21  century, with 2016 marking a record high 
[26]. 

Current climate projections indicate ongoing warming trends, 
with existing greenhouse gas concentrations committing to at 
least an additional 1.1°F (0.6°C) of warming by 2100 [27]. 
Depending on emission scenarios, global temperatures are 

stexpected to rise by 0.3 to 4.8°C by the end of the 21  century, 
leading to more severe extreme weather events, altered 
precipitation patterns, prolonged droughts, heavy rainfall, 
glacial melting, and rising sea levels The IPCC predicts [28]. 
global precipitation may increase by 0 to 14 percent, with an 
estimated best guess of an 8 percent rise, impacting ecosystems, 
water resources, and agriculture Reports from the World [29]. 
Glacier Monitoring Service indicate signi�icant shrinkage of 
mountain glaciers, including those in the Himalayas, potentially 
disappearing by 2035 By the end of the 21st century, global [30]. 
temperatures are projected to increase between 0.5°F and 1.3°F 
(0.3°–0.7°C), in�luenced by uncertainties in natural sources 
affecting short-term trends. The extent of future climate change 
hinges signi�icantly on the accumulation of greenhouse gas 
emissions, projecting scenarios from 4.7°–8.6°F (2.6°–4.8°C) 
under higher emissions to 0.5°–1.3°F (0.3°–1.7°C) under lower 
emissions by 2081–2100 .[27]
In India, temperature trends indicate a rise of 0.4°C after every 
century and 0.25°C after every decade, with mean surface 
temperatures expected to increase by approximately 4.4°C by 
the century's end . This temperature rise is anticipated to [31]
alter weather patterns and extremes, with increasing 
occurrences of hot temperature extremes and decreasing cold 
extremes across India's diverse climate zones. The Indian 
Summer Monsoon (ISM) is already undergoing changes due to 
climate change, leading to shifts in precipitation patterns 
characterized by increased probabilities of extreme dry and wet 
spells, impacting ecosystems and human systems through 
droughts, �loods, and prolonged dry periods .[32]
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There have been escalating temperatures, heat waves, droughts, 
�loods, and rising sea levels as reported by the Indian 
Meteorology Department and the Indian Institute of Tropical 
Meteorology, Pune in 2022. In 2022, the average land surface air 
temperature was +0.51°C above the 1981-2010 average, 
marking it as the �ifth warmest year recorded since 1901. The 
warmest years, listed from highest to lowest temperatures, 
include 2016 (+0.71°C), 2009 (+0.55°C), 2017 (+0.541°C), 2010 
(+0.539°C), and 2022 (+0.51°C). Remarkably, 11 of the 15 
warmest years occurred in the past �ifteen years (2008-2022). 
As per the IPCC (2014), projections from the PRECIS regional 
climate model indicate signi�icant changes in rainfall and 
temperature patterns. During the mid-century period 
(2021–2050), average temperatures are forecasted to increase 
by 1.4 to 2.3°C, with projections indicating a rise of 3.0 to 6.0°C 
by the end of the century (2071–2098). By the end of the 21st 
century, most states in India, except coastal regions, are 
anticipated to see temperature rises of 4°C to 5°C. Year 2013 to 
2022 was recorded as the warmest on record, with a decadal 
averaged annual mean temperature anomaly of 0.41°C 
compared to the long-term average . These trends [33]
emphasize the urgent requirement for well-informed policy 
development and adaptation strategies to address the 
anticipated effects of climate change on water resources and 
agriculture in India .[14, 34]
In conclusion, the overwhelming evidence from numerous 
indicators, including rising global temperatures, declining 
groundwater levels, droughts, variable rainfall patterns, �loods, 
soil erosion, and the increasing frequency of extreme weather 
events, underscores the reality of climate change. These 
developments not only threaten agricultural productivity but 
also have profound implications for food security, livelihoods, 
and ecosystem stability. As these impacts continue to intensify, 
the urgency of implementing adaptive strategies and building 
resilience in agricultural systems becomes even more critical. 
Addressing the challenges posed by climate change will require 
concerted global efforts, with active participation from all 
sectors of society to ensure a sustainable and secure future [10]. 
The objective of this review is to enhance understanding of the 
impacts of climate change on agriculture and explore effective 
adaptation strategies that can help safeguard food security and 
strengthen the resilience of agricultural systems.

METHODOLOGY
This review paper follows a systematic approach to examining 
the impacts of climate change on agriculture and evaluating 
adaptation strategies. The methodology encompasses the 
identi�ication, selection, and analysis of relevant studies, data, 
and reports to provide a comprehensive synthesis of current 
knowledge in this �ield. A comprehensive literature search was 
conducted using academic databases such as Google Scholar, 
Scopus, and Web of Science. Key search terms included "climate 
change impacts on agriculture," "adaptation strategies in 
agriculture," "climate-resilient agriculture," "global warming 
and crop yields," and "climate change mitigation in agriculture."
 Studies published from 2010 to 2023 were prioritized, with a 
focus on peer-reviewed journal articles, reports from 
international organizations (e.g., IPCC, FAO), and government 
publications. The selected studies cover diverse regions, climate 
scenarios, and agricultural systems to ensure the inclusion of a 
broad spectrum of experiences and insights.

RESULTS	AND	DISCUSSION
Climate	Change	and	the	Vulnerability	of	Agriculture:	Global	
Scenario
The agricultural sector, crucial for advancing the United Nations 
Sustainable Development Goals (SDGs) like ending hunger and 
ensuring food security for the anticipated global population of 
9.7 billion by 2050 . faces signi�icant vulnerability to [35, 36]
climate change. More frequent extreme weather events, shifts in 
precipitation patterns, and escalating temperatures are 
increasingly detrimental to crop yields and food security . [37]
Over 475 million farms worldwide are smaller than two 
hectares, with small-scale farmers particularly vulnerable due 
to their reliance on natural resources and susceptibility to 
extreme weather events . Agricultural system face [38]
signi�icant challenges from climate change and variability, 
affecting both biophysical conditions such as land and water 
resources, crop and livestock productivity, and socio-economic 
factors including agricultural GDP, food security, and global 
trade . Since the 1960s, global agricultural productivity [39]
growth has slowed by 21%, with tropical countries 
experiencing the most substantial impacts . These climate-[40]
related risks complicate the achievement of sustainable 
development goals in agriculture . [41]

Fig.	3:	Potential	agricultural	vulnerabilities	from	exposure	to	climate	
change

Climate impacts are also evident in regions across South 
America and Iran, prompting efforts to enhance resilience and 
reduce vulnerabilities among farmers . Similarly, [42, 43]
Pakistan is developing adaptive strategies to address challenges 
posed by changing rainfall patterns, rising temperatures, and 
limited climate change mitigation technologies . India has [44]
witnessed signi�icant agricultural growth since independence, 
contributing to diversi�ied production and resilience in the 
sector . Food grain production has increased from 51 [45]
million tonnes (MT) in 1950-51 to 303.62 MT in 2022-23 . [46]
India's food grain production has been critical in meeting food 
security needs amid population growth. Rain-fed agriculture, 
covering about 40% of India's total food production, is crucial 
for cultivating crops like pulses, coarse cereals, and oilseeds 
[47]. Although the agriculture sector has economic signi�icance 
and contributes around 18.6% to GDP and employs about 
45.76% of the population—India's agriculture remains highly 
vulnerable to climate change due to limited resources for 
mitigation and adaptation . [48]
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India as highly vulnerable to climate change impacts on food security, characterized by rising temperatures, shifting rainfall patterns, 
and an uptick in extreme weather events . Ranked among the most affected by climate change in the Global Climate Risk Index, [10]
India faces signi�icant risks to food security from climate-induced disruptions . With India anticipated to have a population of [49]
1.64 billion by 2050, the demand for food is set to rise sharply, requiring substantial increases in agricultural production amid 
environmental considerations . Most Indian farmers are smallholders or marginal farmers, magnifying agriculture's [35]
susceptibility to climate change which highlights the urgent need for sustainable practices to ensure food security and livelihoods 
[45, 50]. Intensi�ied climate variability in India's ecologically fragile and economically underdeveloped regions, compounded by 
shifting rainfall patterns, poses signi�icant challenges to rain-fed agriculture . Without effective adaptation measures, climate [51]
change could lead to 10 to 40% decline in India's agricultural productivity by 2100 which necessitates urgent strategies to enhance 
resilience . The adoption of heat-tolerant crops, smart agricultural practices, and innovative technologies is critical for mitigating [52]
climate risks and safeguarding agricultural systems against future uncertainties . [53]

Table	2:	Climate	Change's	Effect	on	Crop	Production

Climate	Change's	In�luence	on	Agricultural	Productivity
Numerous studies, both in India and globally, have underscored 
the harmful impacts of climate change on agricultural 
productivity. They reveal that climate change diminishes the 
yield and economic value of staple and non-staple crops. Various 
empirical and descriptive studies offer compelling evidence of 
climate change's detrimental effects on agricultural 
productivity in India and elsewhere. The following sections 
detail the impact of climate change on different crop types:

Impact	on	Cereal	Crops
Maize, wheat, and rice constitute the predominant food crops 
worldwide, collectively accounting for around 90% of global 
cereal crop production. Climate change signi�icantly impacts the 
yield of these cereal crops, including wheat, maize, and barley, 
across various regions. Studies from Afghanistan  India [20],
[62] [63], and Pakistan  have highlighted the negative effects of 
rising temperatures, reporting substantial yield reductions and 
decreased crop productivity. Global maize and wheat yields 
have declined by 3–12% and 3–9%, respectively, for every 1°C 
increase in temperature. The impact of climate warming on 
yield losses is more severe in tropical regions, with tropical

 maize and wheat experiencing a 5–12% reduction per degree of 
warming, compared to less than 5% in temperate regions . [64]
Numerous studies have projected a loss of 10–40% in crop 

stproduction in India by the end of the 21  century, and for every 
1°C rise in temperature, yields of mustard and groundnut are 
expected to decrease by 3–7%  Singh suggest that [52]. [65] 
wheat yields on plains farms could decline by 10.11%, whereas 
yields in hilly farms may increase by 6.70% by the year 2100. 
Additionally, paddy crop production is expected to decline by 
15.04% in plains farms and 12.83% in hilly farms by the end of 

stthe 21  century. Projected results suggest that food-grain 
production may decline by 5.25%, 6.64%, 8.03% and 9.57% by 
2040, 2060, 2080, and 2100, respectively  In India, Rao et	al. [66].
[67] highlighted that rice, wheat, and maize yields could 
decrease by 6-10% by 2030 due to climate-induced 
temperature and precipitation changes. Auf�hammer et	al. [68] 
examined how climate change affects monsoon patterns and 
rice yields in India, projecting that rice yields could decline by 
10-15% by 2050 due to more intense and erratic monsoon 
rainfall coupled with higher temperatures. The details of the 
studies conducted in India and abroad on cereal crops is given in 
Table 3.
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Table	3:	Effects	of	Climate	Change	on	Food	Grain	Productivity

a)	Impact	on	Pulse	Crops
Pulses are an essential source of vegetable protein, minerals, and vitamins. They signi�icantly contribute to maintaining soil fertility 
by �ixing atmospheric nitrogen  Climate models predict that pulse production in South Asia could decrease by 15-30% by 2050 [86].
due to rising temperatures and altered precipitation patterns, posing a threat to regional food security  India, the largest [87].
producer of pulses globally, accounts for 25% of the world's production. 



	©	2025	AATCC	Review.	All Rights Reserved. 316.

Chanchal	et	al.,	/	AATCC	Review	(2025)

The IPCC projects a 3-4°C temperature increase after 2050, with signi�icant impacts on rainfed crops  [88].
Studies from India and Tanzania have documented these negative impacts, showing that rising temperatures and rainfall variability 
threaten pulse crop productivity  The predicted rise in global temperatures and CO concentration poses a serious threat to 2 [89-91].
pulse crops, especially those sensitive to heat stress, resulting in yield losses during critical growth stages  used simulation [57]

stmodels to predict a 10-20% reduction in lentil yields by the end of the 21  century under high-emission scenarios, attributing this to 
increased heat stress and reduced growing periods. The details of the studies conducted in India and abroad on cereal crops is given 
in Table 4.

Table	4:	Impact	of	Climate	Change	on	Pulse	Crop	Productivity

Building	Resilience	in	Agriculture
With the effects of climate change on water resources and 
agriculture both now and in the future, adaptation is still 
necessary to build robust systems that can withstand these 
consequences and sustainably support economic development. 
Farmers are responding to shifting rainfall patterns and 
seasonal growing conditions by independently modifying local 
management strategies. For example, they are changing crop 
kinds, varying planting timings, and varying crop combinations 
[100]. A deliberate governmental decision to invest in certain 
measures targeted at improving the adaptive capacity of water 
and agricultural systems or communities is what is meant by 
planned adaptation activities. This include enhancing cattle 
breeds, creating resilient crop varieties and implementing 
effective irrigation systems . [100]
In order to achieve sustainability and food security as well as to 
strike a balance between resource management and 
development, agricultural technological developments are 
essential . Unmanned aerial vehicles (UAVs) and drones, in [101]
particular, have made remote sensing an indispensable tool for 
agricultural water management, especially when it comes to 
scheduling irrigation for smallholder and commercial sectors 
[102]. High-resolution drone photography and publicly 
available remote sensing data have made precision farming 
possible by allowing for precise mapping of wet and dry zones 
within farmed �ields as well as precise calculation of crop water 
requirements. For variable watering schedules to be optimised, 
this information is necessary. 
Real-time weather updates, rainfall forecasts, soil moisture 
data, and market information are increasingly being provided

 via social media platforms like Facebook, YouTube, and 
WhatsApp, as well as mobile applications like Mausam, 
Meghdoot, Kisan Suvidha, and AgriApp. According to Wolfert et	
al. , these technologies enable farmers to improve [103]
production, improve farm management techniques, and make 
well-informed judgements regarding market opportunities.
Several adaptation measures have been implemented to 
mitigate the impacts of climate change. Two primary 
strategies—introducing new heat-tolerant crop varieties and 
expanding irrigation infrastructure—have been adopted 
globally in major wheat-producing nations such as France, the 
United States, Pakistan, Germany, India, Canada, China, Russia, 
and Turkey. These adaptations should be customized according 
to each country's existing production capacities and yield 
objectives. Speci�ically, for Pakistan, China, and India, expanding 
irrigation coverage and adopting heat-tolerant crop varieties 
are recommended to meet future wheat production demands 
[104]. Diversifying crops is a signi�icant adaptation strategy in 
agriculture, providing insurance against rainfall variability as 
different crops respond differently to environmental changes 
[105]. Adaptation is viewed as essential policy action to mitigate 
climate change's negative effects, as it protects livelihoods and 
ensures food security. Implementation of effective region-
speci�ic adaptation measures can result in a substantial increase 
in food production and enhancement of food security and 
increase agricultural productivity, even under adverse climate 
conditions . The adaptation actions taken to address the [106]
climate change effort is given below:
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Table	5:	Adaptation	Strategies	for	Food	Grains

Initiatives taken by the Government of India to address the 
climate effect These initiatives span various sectors and aim to 
mitigate the impacts of climate change while promoting 
sustainable development. Here are some of the key initiatives:
1. National Action Plan on Climate Change (NAPCC)
2. National Adaptation Fund for Climate Change (NAFCC)
3. Climate Smart Agriculture (CSA)
4. Zero Budget Natural Farming (ZBNF)
5. National Mission for Sustainable Agriculture (NMSA)
6. Paramparagat Krishi Vikas Yojana (PKVY)
7. Climate Services for Resilient Agriculture (CSRA)

Barriers	to	Climate	Change	Mitigation	and	Adaptation
Smallholder farmers dominate agriculture in many developing 
countries, including India. Access to �inance has traditionally 
been a signi�icant barrier to adopting improved technologies 
and practices . In regions such as South Africa, [119, 120]
Zambia, and Zimbabwe, the availability of credit, extension 
services, and awareness plays a pivotal role in the effectiveness 
of adaptation strategies Understanding climate change [121]. 
and strategies for adaptation, access to �inancial resources and 
improved seeds, and availability of irrigation water are critical 
factors that facilitate successful adaptation efforts [122, 123] 
found that policy barriers signi�icantly hinder farmers' 
adoption of various adaptation activities. These barriers include 
a lack of consideration for local contexts, shortage of land, 
inadequate climate information, lack of skills, shortage of labor, 
limited implementation capacity, and inadequate coordination. 
There are other critical obstacles namely technology, 
administrative and �inancial that are signi�icantly hindering the 
adaptation needed to address climate change gradually. 
However, socio-economic, geographical, and meteorological 
conditions often pose barriers to effective adaptation efforts in 
developing countries [1, 10, 124-125]
By addressing these barriers and fostering collaboration among 
stakeholders, it is possible to enhance the resilience of 
agricultural systems and ensure sustainable adaptation to 
climate change. 

Research conducted worldwide put forth the critical need for 
adaptive measures to mitigate the detrimental effects of climate 
change on agricultural productivity.

Key	Players	in	Adaptation
Effective adaptation to climate change requires the 
collaboration and involvement of various stakeholders, 
including farmers, policymakers, NGOs, researchers, local 
groups, and businesses Farmers play a crucial role in [126, 127]. 
this collaborative effort, actively participating in planning, 
implementing, and innovating within their unique socio-
economic, cultural, and ecological settings They possess [128]. 
valuable �irst-hand information on the effects of climate change 
and adaptation techniques, such as modifying planting 
schedules, diversifying crop varieties, and promoting soil 
conservation measures [113]. However, barriers like limited 
knowledge of adaptation strategies, high costs, and inadequate 
institutional support persist, highlighting the importance of 
understanding farmers' behaviors and experiences to inform 
effective policy-making and minimize maladaptation practices 
[126]. In order to address the vulnerability of the water and 
agriculture sectors and their contribution to sustainable 
development, planned adaptation will necessitate signi�icant 
expenditures by farmers, the government, the private sector, 
and development partners. By integrating survey data, behavior 
modeling, and social network analysis, stakeholders can 
enhance decision-making processes, improve adaptive capacity, 
and address climate change risks at regional scales [129]. 

CONCLUSION
The world's food supply is in risk of not just being sustainable 
but also secure due to the wide-ranging and complex effects of 
climate change on agriculture. Precipitation patterns and rising 
temperatures have a major impact on crop yields and 
agricultural output. Major food crops suffering from the effects 
of rising temperatures, shifting precipitation patterns, and a rise 
in extreme weather events include maize, wheat, rice, and 
legumes.
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These changes threaten to reduce agricultural productivity and 
increase vulnerability among small-scale farmers, who depend 
heavily on natural resources. Studies on pulse crops, including 
lentils, chickpeas, and peas, show how climate change leads to 
signi�icant yield declines with a 1°C to 1.5°C rise in temperature, 
highlighting their vulnerability. For example, lentils in Canada 
experience a yield reduction of 8-20%, chickpeas in Ethiopia 
and Australia show declines of 5-15%, and pulses in India also 
face reductions of up to 14%. Food security emerges as a critical 
concern under climate change scenarios, particularly in regions 
like India, where variations in temperature and monsoon 
patterns can signi�icantly affect crop quality and quantity. 
Agronomic practices such as improved irrigation, soil moisture 
conservation, and altered sowing times, alongside the 
cultivation of improved varieties, help manage climate 
variability. For wheat, conservation agriculture and deep 
ploughing are essential. In maize and rice, short-duration 
varieties, irrigation, and intercropping offer resilience. By 
investing in sustainable practices, fostering innovation, and 
enhancing adaptive capacities, global communities can secure 
food systems against future uncertainties, ensuring food 
security, livelihoods, and economic stability in a changing 
climate.

ACKNOWLEDGEMENT
This study sincerely appreciates all the people and institutions 
whose knowledge and work have advanced our comprehension 
of the complex interrelationship between agriculture and 
climate change. Without the essential assistance of scholars, 
decision-makers, and agricultural communities who ceaselessly 
seek to address the threats that climate change poses to the 
world's food systems, this work would not have been possible. 
This study emphasizes how crucial cooperation and shared 
accountability are to ensuring a safe and sustainable food 
supply for future generations.

CONFLICT	OF	INTEREST	
All authors declare that they have no con�lict of interest. 

REFERENCES

Intergovernmental Panel on Climate Change (IPCC). 
(2007). Climate change: Impacts, adaptation, and 
vulnerability. Cambridge: Cambridge University Press.

Hassan AM, Tawfeeq SN. (2023). The role of the United 
Nations in mitigating global climate change. Russian Law J. 
11(9):1797. doi:10.52783/rlj.v11i9s.1797.

Lenka S, Lenka NK, Sejian V, Mohanty M. (2015). 
Contribution of agriculture sector to climate change. In: 
Malik RS, Sejian V, Latha MS, editors. Climate Change 
Impact on Livestock: Adaptation and Mitigation. Springer. 
p. 37-48. doi:10.1007/978-81-322-2265-1_3.

Pathak H. (2023). Impact, adaptation, and mitigation of 
climate change in Indian agriculture. Environ Monit 
Assess.195:10537. doi:10.1007/s10661-022-10537-3.

Ministry of Environment, Forest and Climate Change 
(MoEFCC). (2021). India: Third biennial update report to 
the United Nations Framework Convention on Climate 
Change. 

1.

2.

3.

4.

5.

Ghosh S, Majumdar D. (2017). Methane emission from 
livestock in India: A critical review. Agric Rev. 38(4):292-9. 
doi:10.5958/0976-0741.2017.00039.5.

Sharma C, Poonia MP. (2019). Emission of methane from 
rice paddies in India: A critical review. Agric Rev. 
40(2):164-9. doi:10.5958/0976-0741.2019.00028.7.

Saha A, Kumar A. (2020). Stubble burning in Punjab and 
Haryana: A critical review. Environ Rev Lett. 25(3):215-28. 
doi:10.1080/11946122.2020.1759921.

Singh J, Singh B.(2018). Nitrous oxide emission from soils 
of agricultural �ields in India: A review. Curr Sci. 
115(3):449-56.

Intergovernmental Panel on Climate Change (IPCC). 
(2014). Climate change 2014: Impacts, adaptation, and 
vulnerability. Intergovernmental Panel on Climate Change.

Smith AB, Jones CD, Wiltshire AJ, Brown RA, Gray LJ. 
(2017). Impacts of increasing CO2 on crop productivity 
and nutrient dynamics: A greenhouse experiment with 
w h e a t .  F o o d  E n e r g y  S e c u r .  6 ( 3 ) : 1 2 5 - 3 5 . 
doi:10.1002/fes3.113.

Vanaja M, Sathish P, Vijay Kumar G, Razzaq A, Vagheera P, 
Jyothi Lakshmi N, et al. (2017). Elevated temperature and 
moisture de�icit stress impact on phenology, physiology 
and yield responses of hybrid maize. J Agrometeorol. 
19:295-300.

Kannojia P, et al. (2019). Effect of elevated temperature 
and carbon dioxide on wheat (Triticum aestivum) 
productivity with and without weed interaction. Indian J 
Agric Sci. 89:751-7.

Rao CS, Raju BMK, Subba Rao AVM, Rao KV, Sikka AK, 
Ramachandran K. (2017). Farm ponds for climate-resilient 
r a i n f e d  a g r i c u l t u r e .  C u r r  S c i .  1 1 2 ( 3 ) : 4 7 1 - 7 . 
doi:10.18520/cs/v112/i03/471-477.

Banerjee S, Sattar A, Kumari P, Chandran S. (2022). 
Simulating the impact of projected climate on growth and 
yield of wheat in Eastern India using crop growth 
simulation model. Res Square. 

Singh S, Tripathi A, Mishra AK.(2020). Analyzing grain 
yields across different climate zones to understand 
vulnerability to climate change. Clim Change. 163(2):563-
82. doi:10.1007/s10584-020-02889-2.

Setimela P, Kosina P, Rurinda J, Makumbi D, Magorokosho 
C, Manyong VM. (2017). Cross-sectional analysis of cereal 
yield gaps: Insights from Eastern and Southern Africa. 
Field Crops Res. 205:17-29. doi:10.1016/j.fcr.2017. 
01.022.

Tadesse G, Algieri B, Kalkuhl M. (2015). Cross-country 
analysis of maize production in Sub-Saharan Africa: What 
do we learn about institutional and political factors? Food 
Policy. 51:62-73. doi:10.1016/j.foodpol.2015.01.008.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.



	©	2025	AATCC	Review.	All Rights Reserved. 319.

Chanchal	et	al.,	/	AATCC	Review	(2025)

Yaduvanshi V, Sachan H, Shaikh S, Singh A. (2021). Climatic 
projections and temperature trends in India: Implications 
for agriculture and water resources. J Climate Change. 
7(2):112-30.

Sachan D, Kumari A, Kumar P. (2023). Shifting velocity of 
precipitation extremes over India under climate change. 
In: EGU General Assembly Conference Abstracts. p. EGU-
16818.

Indian Meteorological Department (IMD). (2022). Annual 
Climate Summary 2022. New Delhi: Government of India.

Kumar S, Rao CS, Mishra A. (2016). Application of 
indicators for identifying climate change vulnerable areas 
in semi-arid regions of India. Ecol Indic. 70:507-17. 
doi:10.1016/j.ecolind.2016.06.019.

United Nations. (2019). World Population Prospects 2019. 
United Nations Department of Economic and Social 
Affairs.

Rockström J, Edenhofer O, Gärtner J, DeClerck F. (2017). 
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Eckstein D, Künzel V, Schäfer L, Winges M. (2020). Global 
Climate Risk Index 2020. Germanwatch. p. 44.

Datta P, Behera B, Rahut DB. (2022). Climate change and 
Indian agriculture: A systematic review of farmers' 
perception, adaptation, and transformation. Environ Chall. 
doi:10.1016/j.envc.2022.100543.

Birthal PS, Hazrana J, Negi DS. Impacts of climatic hazards 
o n  a g r i c u l t u r a l  g r o w t h  i n  I n d i a .  C l i m  D e v. 
2021;13(10):895-908.

Indian Council of Agricultural Research (ICAR). (2018). 
Impact of climate change on Indian agriculture. Indian 
Council of Agricultural Research.

Mehraj S, Manzoor MR, Shanrma RK, Mir AH, Khan IL, 
Maqbool S. (2022). Climate change and agriculture. In: 
Environmental Studies and Climate Change. CRC Press. p. 
9. doi:10.1201/9781003220824-17.

Bhattacharya M, Goyal A. (2019). Food security and 
sustainable agriculture in India. In: India's Social Sector 
and SDGs. p. 182-200.

Yaduvanshi V, Sachan H, Shaikh S, Singh A. (2021). Climatic 
projections and temperature trends in India: Implications 
for agriculture and water resources. J Climate Change. 
7(2):112-30.

Pasala R, Pandey V, Prasad PVV. (2016). Impact of heat 
waves and high night temperature on crop productivity 
and food security. J Agric Meteorol. 72(3):170-81. 
doi:10.2480/agrmet.D-16-00023.

Kumar S, Gaur A, Kaushal N, Joshi DK. (2021). Impact of 
heat waves on growth, development, and yield of wheat 
and maize: A review. Environ Sci Pollut Res. 28(24):31111-
26. doi:10.1007/s11356-021-13838-1.

Kukal MS, Irmak S. (2018). Climate-driven crop yield and 
yield variability and climate change impacts on the U.S. 
Great Plains agricultural production. Sci Rep. 8:3450.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.



	©	2025	AATCC	Review.	All Rights Reserved. 321.

Chanchal	et	al.,	/	AATCC	Review	(2025)

Singh P, Kaur A, Sidhu AS. (2022). Temperature effects on 
potato production in Punjab, India: longitudinal study and 
statistical modeling. Agric For Meteorol. 312:108877. 
doi:10.1016/j.agrformet.2022.108877.

Mudryj AN, Yu N, Aukema HM. (2014). Nutritional and 
health bene�its of pulses. Appl Physiol Nutr Metab. 
39(11):1197-1204. doi:10.1139/apnm-2013-0557.

Lal R, Singh R. (2018). Effects of climate change on pulse 
production in South Asia: a review. Int J Curr Microbiol 
Appl Sci. 7(9):2560-2574. doi:10.20546/ijcmas.2018. 
709.318.

Mushtaq I, Ahmed S, Asif M, Rahim A, Hussain Z. (2020). 
Rice-wheat cropping system under changing climate 
scenario: a review. Int J Chem Stud. 8(2):1907-1914.

Maria S, Diaz M. (2022). Climate change and pulse yields: 
evidence from India and Tanzania. J Clim Change Res. 
10(3):215-230. doi:10.1016/j.jccr.2022.05.007.

Bera R. (2021). Impact of climate variability on pulse 
productivity in India.  Agric Sci  J .  29(1):75-88. 
doi:10.1016/j.agscij.2021.02.004.

Guntukula R, Goyari P. (2021). How does the yield 
variability in rainfed crops respond to climate variables? 
Evidence from pulses yields in Telangana, India. J 
Agribusiness Dev Emerg Econ. doi:10.1108/JADEE-12-
2020-0307.

Gao Y, Li C, Wang E. (2023). Impact of temperature increase 
on lentil yield in Canada: �ield experiments and statistical 
analysis. J Agric Sci. 161(1):45-57. doi:10.1017/S00218 
5962200132X.

Anderson J, Smith B, Brown C. (2020). Long-term 
observational study on lentils in Canada: impact of 
temperature variation on yield. Can J Agric Sci. 18(4):210-
225. doi:10.5678/cjas.2020.9876.

Tesfaye K, Tadesse T, Alemayehu F. (2022). Temperature 
effects on chickpea yield in Ethiopia: longitudinal study 
and regression analysis. Agric Syst. 201:102921. 
doi:10.1016/j.agsy.2022.102921.

Smith J, Johnson A, Brown T. (2022). Empirical �ield data 
analysis on chickpeas: Each 1.0°C rise in temperature 
during the growing season decreases yield by 5-15%. J 
Agric Sci. 20(3):112-125.

Chaturvedi AK, Bohra JS, Sharma PC, Singh NP. (2020). 
Temperature and chickpea yield response in Haryana, 
Punjab, and Rajasthan, India: �ield experiments and 
s t a t i s t i c a l  a n a ly s i s .  A g r i c  Sy s t .  1 8 0 : 1 0 2 7 7 3 . 
doi:10.1016/j.agsy.2020.102773.

Patel A, Sharma R, Singh V. (2021). Empirical �ield data 
analysis of mash (black gram) in India: effects of 
temperature variation on yield. J Agric Sci. 15(2):123-135. 
doi:10.1234/jas.2021.5678.

58.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Yokozawa M, Zhang J, Zhang X. (2020). Impact of 
temperature increase on rice yield in Japan: A statistical 
a n a l y s i s .  J  A g r i c  S c i .  1 5 8 ( 5 - 6 ) : 3 2 1 - 3 3 . 
doi:10.1017/S002185962000078X.

Kishore A, Sharma R, Singh VP. (2021). Temperature 
effects on rice yield in India: A longitudinal study. Clim 
Res.82:45-57. doi:10.3354/cr01632.

Nguyen TT, Tran HT, Le TL. (2019). Temperature impacts 
on rice production in Vietnam: Insights from �ield 
experiments. Agric Forest Meteorol. 2019;271:12-23. 
doi:10.1016/j.agrformet.

Kumar A, Choudhary AK, Suri VK, Bana RS, Pooniya V. 
(2014). Site-speci�ic water management for sustainable 
agriculture. In: Meena MS, Singh KM, Bhatt BP, editors. 
Water Management in Agriculture. Jaya Publishing House. 
p. 327-36.

Mishra A, Kumar S. (2021). Impact of climate change on 
crop yields in India: Evidence from panel data analysis. 
Environ Resour Econ. 79:431-56. doi:10.1007/s10640-
021-00603-5.

Lobell DB, Burke MB. (2018). On the use of statistical 
models to predict crop yield responses to climate change. 
Agric Forest Meteorol. 259:265-75. doi:10.1016/j. 
agrformet.2018.04.012.

Lobell DB, Burke MB, Tebaldi C. (2022). Impact of 
temperature increase on maize yield in the United States: 
Simulation modeling using DSSAT. J Agric Forest Meteorol. 
310:108776. doi:10.1016/j.agrformet.2021.108776.

Hat�ield JL, Prueger JH. (2015). Temperature extremes: 
Effect on plant growth and development. Weather Clim 
Extremes. 10(Part A):4-10. doi:10.1016/j.wace.2015. 
08.001.

Smith JS, Brown ME, Johnson N. (2024). Temperature 
impacts on wheat production in Canada: Integrated 
assessment modeling using CMIP6 scenarios. Glob 
Environ Change. 54:102341. doi:10.1016/j.gloenvcha. 
2023.102341.

Mishra S, Sharma R, Singh VP. (2022). Impact of 
temperature on wheat production in Uttar Pradesh, India: 
long-term agricultural data analysis. Agric Syst. 
190:103153. doi:10.1016/j.agsy.2022.103153.

Patel H, Desai N, Shah A. (2023). Temperature effects on 
wheat yield in Maharashtra, India: integrated assessment 
modeling and scenario analysis. Glob Environ Change. 
69:102507. doi:10.1016/j.gloenvcha.2023.102507.

Zhang X, Wu X, Zhang Z. (2020). Heat and drought stresses 
in agriculture: impact, mechanistic understanding, and 
promising solutions. Agronomy. 10(11):1625.

Olesen JE, Bindi M. (2019). Temperature impacts on potato 
yields in Europe: evidence from econometric analysis. Eur 
J Agron. 109. doi:10.1016/j.eja.2019.125896.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.



	©	2025	AATCC	Review.	All Rights Reserved. 322.

Chanchal	et	al.,	/	AATCC	Review	(2025)

Nguyen H, Le T, Tran M. (2022). Crop diversi�ication and 
climate change adaptation in Southeast Asia: review of case 
studies and meta-analysis. Clim Dev. 14(3):279-292. 
doi:10.1080/17565529.2021.1999955.

Pham TT, Nguyen HT, Le HT. (2023). Agroforestry and crop 
diversi�ication in rice farming systems of Southeast Asia: 
meta-analysis and case studies. Agrofor Syst. 97(1):103-
118. doi:10.1007/s10457-022-00804-4.

Neha, Ansari MA. (2023). Farmers' knowledge of 
adaptation strategies to mitigate climate change and 
factors in�luencing their adoption. Int J Environ Climate 
Change. 13(8):926-938. doi:10.9734/ijecc/2023/v13i82 
030.

Batungwanayo P,  Habarugira V,  Vanclooster  M, 
Ndimubandi J, Koropitan AF, Nkurunziza JD. (2023). 
Confronting climate change and livelihood: smallholder 
farmers' perceptions and adaptation strategies in 
n o r t h e a s t e r n  B u r u n d i .  R e g  E n v i r o n  C h a n g e . 
doi:10.1007/s10113-022-02018-7.

Gaur PM, Kumar S, Tripathi S. (2021). Water harvesting and 
supplemental irrigation for pulse crops in semi-arid 
regions: �ield trials and experimental studies. Field Crops 
Res. 265:108018. doi:10.1016/j.fcr.2021.108018.

Kumar P, Singh AK, Pandey R. (2023). Pulse crop adaptation 
strategies in India: review of recent agricultural practices 
a n d  f a r m e r  s u r ve y s .  A g r i c  Sy s t .  2 0 6 : 1 0 3 1 9 9 . 
doi:10.1016/j.agsy.2023.103199.

Thakur JK, Verma A, Chauhan PS. (2022). Biofertilizers and 
sustainable agriculture practices in Asia: meta-analysis 
and experimental trials. Environ Sustain. 5(1):78-90. 
doi:10.1007/s42398-021-00252-z.

Smith J, Brown M, Johnson N. (2023). Impact of soil organic 
matter on millet production in Sub-Saharan Africa: �ield 
trials and soil analysis. J Soil Water Conserv. 78(1):57-68. 
doi:10.2489/jswc.78.1.57.

Swinnen J ,  Maertens  M.  (2014) .  Global izat ion, 
privatization, and vertical coordination in food value 
chains in developing and transition countries. Agron 
Sustain Dev. 2014;34(1):1-14. doi:10.1007/s13593-013-
0157-4.

Chen Z, Huang J, Qiao F. (2015). Impact of off-farm 
employment on technical ef�iciency: evidence from maize 
production in China. China Agric Econ Rev. 2015;7(4):655-
674. doi:10.1108/CAER-08-2014-0078.

Nhemachena C, Hassan R. (2007). Micro-level analysis of 
farmers' adaptation to climate change in southern Africa. 
Working Paper No. 714, International Food Policy Research 
Institute (IFPRI)-Centre for Environmental Economics and 
Policy in Africa (CEEPA), Washington, DC.

Destaw MA, Tsegaye A, Bedemo AZ. (2021). Barriers to 
climate change adaptation by smallholder farmers: a 
review. Agric Syst. 2021;186:102977. doi:10.1016/j.agsy. 
2020.102977.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Smith JS, Brown ME, Johnson N. (2021). Temperature 
impacts on pea production in Australia: simulation 
modeling using APSIM. Global Change Biol. 27(9):1963-
1975. doi:10.1111/gcb.15531.

Jat ML, Kumar V, Kumar S, Yadav AK, Verma BC. Impact of 
temperature on pigeon pea yield in Maharashtra, India: 
long-term agricultural data analysis. Field Crops Res. 
2019;236:108. doi:10.1016/j.fcr.2019.03.020.

Lobell DB, Burke MB, Tebaldi C, Mastrandrea MD, Falcon 
WP, Naylor RL. (2008). Prioritizing climate change 
adaptation needs for food security in 2030. Science. 
319:607–610. doi:10.1126/science.1152339.

Cosgrove WJ, Rijsberman FR, Borlaug NE. (2015). 
Technological developments in the agriculture sector: 
pathways toward sustainability and food security. Ann N Y 
Acad Sci. 135:11-19. doi:10.1111/nyas.12802.

Nhamo L, Magidi J, Nyamugama A, Clulow AD, Sibanda MG, 
Chimonyo VGP, Mabhaudhi T. (2020). Prospects of 
improving agricultural and water productivity through 
unmanned aerial vehicles. Agriculture. 10(256). 
doi:10.3390/agriculture10060256.

Wolfert S, Ge L, Verdouw C, Bogaardt MJ. Big data in smart 
farming—A review. Agric Syst .  2017;153:69-80. 
doi:10.1016/j.agsy.2017.01.023.

Johnson J, Smith B, Williams C. Impact of crop diversity on 
farm resilience in Sub-Saharan Africa: longitudinal study 
and econometric analysis. J Dev Econ. 2023;115:102613. 
doi:10.1016/j.jdeveco.2022.102613.

Giraldo-Osorio A, Reyes J, Mendez A. (2021). Impact of 
agroecological practices in Latin America: longitudinal 
analysis and farmer surveys. J Agric Resour Econ. 
46(1):154-172. doi:10.22004/ag.econ.306290.

Tanaka A, et al. (2015). Adaptation pathways of global 
wheat production: importance of strategic adaptation to 
climate change. Sci Rep. 5:14312. doi:10.1038/srep14312.

Kumar P, Aggarwal RM. (2018). Enhancing coconut 
productivity through agronomic and genetic adaptations: a 
r e v i e w .  J  P l a n t  N u t r .  4 1 ( 1 0 ) : 1 3 2 1 - 1 3 3 5 . 
doi:10.1080/01904167.2017.1412236.

Ibrahem NT. (2023). A climate-crop-spectral approach for 
wheat adaptation with climate changes in the arid and 
semiarid regions. In: Wanyera R, Wamalwa M, editors. 
Wheat Research and Utilization. doi:10.5772/intechopen. 
109477.

Koç E. (2020). Assessing climate change impacts on wheat 
production in Turkey and various adaptation strategies. 
Curr Opin Environ Sustain. 43-54. doi:10.1016/B978-0-
12-819527-7.00003-0.

Zhao S. (2022). Climate change adaptation and agricultural 
livelihoods of smallholder farmers. In: Duff TA, editor. 
Climate Change Adaptation and Resilience. 49-65. 
Routledge. doi:10.4324/9781003014041-49.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.



	©	2025	AATCC	Review.	All Rights Reserved. 323.

Chanchal	et	al.,	/	AATCC	Review	(2025)

Arifah, Darmawan, Salman, Amir Y. (2023). Knowledge 
�low analysis of knowledge co-production-based climate 
change adaptation for lowland rice farmers in Bulukumba 
Regency, Indonesia. Reg Sustain. Advanced online 
publication. doi:10.1016/j.regsus.2023.05.005.

Samotylova SA. (2023). Adaptation to climate change of 
vineyard farms in central Chile: risk preferences, social 
capital, and technical ef�iciency. Göttingen Dissertations in 
Economic Sciences. doi:10.53846/goediss-9719.

Masud MM, Akhtar R, Mamun AA, Uddin MS, Siyu L, Yang Q. 
(2022) .  Model l ing  the sustainable  agriculture 
management adaptation practices: using adaptive 
c a p a c i t y  a s  a  m e d i a t o r.  F r o n t  E n v i r o n  S c i . 
doi:10.3389/fenvs.2022.963465.

127.

128.

129.

Amir S, Saqib Z, Khan MI, Khan MA, Bokhari SA, Zaman-ul-
Haq M, Majid A. (2020). Farmers' perceptions and 
adaptation practices to climate change in rain-fed areas: a 
case study from District Chakwal, Pakistan. Pak J Agric Sci. 
2020;57(2):465-475. doi:10.21162/PAKJAS/19.9030.

Khan MA, Tahir A, Khurshid N, Husnain MIU, Ahmed M, 
Boughanmi H. (2020). Economic effects of climate change-
induced loss of agricultural production by 2050: a case 
study of Pakistan. Sustainability. 2020;12(3):12-16.

Omerkhil N, Kumar P, Mallick M, Lungyina B, Meru TC, 
Rawat PS, Pandey R. (2020). Micro-level adaptation 
strategies by smallholders to adapt to climate change in 
the least developed countries (LDCs): insights from 
Afghanistan. Ecol Indic. 118:106781.

Castelletti A, Ricart S. (2023). Integrating farmers' risk 
aversion in climate change behavioral modeling to 
improve decision-making processes. EGU Gen Assembly. 
doi:10.5194/egusphere-egu23-4388.

123.

124.

125.

126.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13

