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Abstract

Global climate change has recently emerged as a significant threat to agriculture. The rapid rate of climate change has led to 
increased temperatures, ice melt, rising sea levels, and extreme weather conditions, all of which directly or indirectly impact 
agriculture. Crop yields, irrigation requirements, water availability, soil fertility, and the incidence of pests, diseases, and weeds 
are all significantly affected by climate change. The changing climate also exacerbates the potential for soil erosion, reduces soil 
fertility, and lowers agricultural productivity, intensifying the challenges of the 21st century. Agriculture and climate change 
are interlinked, with a considerable amount of greenhouse gases, such as carbon dioxide, methane, and nitrous oxide, being 
emitted by agricultural and related sectors, thereby accelerating climate change. Key agricultural activities contributing to Green 
House Gas emissions include deforestation, livestock rearing, and fertilizer use. To sustain agricultural productivity in the face of 
climate change, adaptation and mitigation strategies are necessary. This can be achieved through various agronomic practices, 
including organic farming, agroforestry, and the application of manure.
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Introduction

Climate change, a significant and lasting change in the 
statistical distribution of weather patterns over periods 
ranging from decades to millions of years, has emerged as a 

critical global issue with profound implications for various 
sectors, particularly agriculture [1,2]. Agriculture is highly 
sensitive to climatic conditions, and changes in temperature, 
precipitation, and the frequency of extreme weather events 
directly influence crop production [3]. The Intergovernmental 
Panel on Climate Change (IPCC) has documented extensive 
evidence indicating that global temperatures have risen 
by approximately 1.2 degrees Celsius above pre-industrial 
levels, a trend expected to continue unless significant 
mitigation efforts are implemented [4]. The agricultural 
sector, which provides the primary source of livelihood for 
millions of people worldwide, is inherently vulnerable to 
climate variability. Changes in temperature and precipitation 
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patterns can lead to reduced crop yields, altered crop 
phenology, increased pest and disease outbreaks, and 
decreased soil fertility [5]. Moreover, extreme weather events 
such as droughts, floods, and storms can cause immediate 
and severe damage to crops, leading to food insecurity and 
economic instability [6,7]. Agriculture is both a contributor 
to and a victim of climate change. On the one hand, it is a 
significant source of greenhouse gases (GHGs) such as 
methane (from rice paddies and livestock) and nitrous oxide 
(from fertilizer application) [8]. On the other hand, climate 
change exacerbates the challenges faced by agriculture, 
necessitating a shift towards more sustainable [9] and 
resilient agricultural practices. These practices include the 
development and adoption of climate-resilient crop varieties, 
improved water management techniques, integrated pest 
management, and soil conservation methods. The impacts 
of climate change on agriculture are not uniform across 
the globe but vary significantly depending on geographical 
location, existing climatic conditions, and the socio-economic 
context. Developing regions, particularly those with 
agriculture-dependent economies, are disproportionately 
affected due to their limited adaptive capacity and resources. 
South Asia, including India, is one such region where the 
agricultural sector is under significant stress from changing 
climatic conditions.

Bihar, located in the eastern part of India, is an agrarian 
state with approximately 76% of its population engaged 
in agriculture [7]. The state has a diverse agro-ecological 
environment, with the Ganges River flowing through it, 
providing a crucial water resource for irrigation. Bihar’s 
agriculture is characterized by smallholder farming, with a 
majority of farmers owning less than two hectares of land. 
Rice and wheat are the principal crops, complemented by 
maize, pulses, oilseeds, and vegetables. The state is also 
known for its production of sugarcane and fruit crops such 
as mango, litchi, and banana. Despite its rich agricultural 
heritage, Bihar faces several challenges that hinder its 
agricultural productivity. These include fragmented land 
holdings, inadequate irrigation infrastructure, poor soil 
health, and limited access to quality seeds and fertilizers. 
Additionally, Bihar is one of the most flood-prone states in 
India, with recurrent flooding causing significant damage to 
crops and infrastructure. Conversely, parts of the state also 
experience drought conditions, highlighting the variability 
and extremes in climatic conditions [10]. Bihar’s agriculture 
is highly dependent on the monsoon, which accounts for 
over 80% of the state’s annual rainfall. The monsoon’s timing 
and distribution are crucial for sowing and harvesting crops. 
Any deviation from the normal monsoon pattern can lead to 
substantial losses in crop yield. In recent years, climate change 
has manifested in Bihar through erratic rainfall patterns, 
increased frequency of extreme weather events, and rising 
temperatures. These changes pose a severe threat to the state’s 

agricultural productivity and the livelihoods of its farming 
communities. Efforts to enhance agricultural productivity in 
Bihar have been underway through various state and central 
government initiatives. These include the promotion of high-
yielding varieties, expansion of irrigation facilities, provision 
of agricultural credit, and capacity-building programs for 
farmers. Additionally, the state has been focusing on the 
diversification of agriculture to include horticulture, fisheries, 
and livestock to reduce the dependency on traditional crops 
and enhance income security for farmers.

Objectives of the Review
The primary objective of this review is to synthesize existing 
studies on the effects of climate change on sustainable 
crop production [11] in Bihar. By collating and analyzing 
the findings of various research efforts, this review aims 
to provide a comprehensive understanding of how climate 
change impacts agriculture in the region and to identify 
effective adaptation and mitigation strategies. The specific 
objectives are as follows:

Assess Climatic Trends and Projections: To analyze 
historical climate data and future projections for Bihar to 
understand the extent and nature of climate change in the 
region. This includes examining changes in temperature, 
precipitation patterns, and the frequency of extreme weather 
events.
Evaluate Impacts on Crop Yields: To assess the impact of 
climate change on the yields of major crops grown in Bihar. 
This involves reviewing studies that quantify yield changes 
under different climatic scenarios and identifying the most 
vulnerable crops [12,13].
Understand Crop Sensitivity and Vulnerability: To 
investigate the sensitivity and vulnerability of key crops to 
climatic variables. This includes understanding how changes 
in temperature, precipitation, and extreme weather events 
affect crop growth, development, and productivity.
Examine Soil Health and Water Resources: To explore the 
impact of climate change on soil health and water resources 
in Bihar. This includes studying soil degradation, changes in 
water availability, and their implications for irrigation and 
crop production.
Analyze Socio-Economic Implications: To analyze the 
socio-economic implications of climate change on agriculture 
in Bihar. This includes examining the effects on farmer 
livelihoods, food security, and the broader rural economy.

Identify Adaptation and Mitigation Strategies: To identify 
and evaluate adaptation and mitigation strategies that can 
enhance the resilience of Bihar’s agriculture to climate 
change. This includes reviewing the development of climate-
resilient crop varieties, improved agricultural practices, and 
policy interventions.
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Highlight Case Studies and Best Practices: To highlight 
successful adaptation initiatives and best practices from 
Bihar and other regions that can serve as models for 
replication. This includes case studies that demonstrate 
effective strategies for coping with climate change impacts.
Identify Research Gaps and Future Directions: To 
identify gaps in the current research and suggest areas for 
future studies. This includes highlighting the need for more 
localized research, long-term studies, and the integration of 
traditional knowledge with scientific research.

By achieving these objectives, this review aims to contribute 
to the body of knowledge on climate change and agriculture, 
providing valuable insights for policymakers, researchers, 
and practitioners working towards sustainable crop 
production in Bihar [11].

Materials and Methods

The entire study relies on secondary data sources. Data 
has been sourced from various institutions, including the 
Ministry of Agriculture and Farmers’ Welfare [14], the Indian 
Meteorological Department (IMD, Pune), the Indian Council 
of Agricultural Research (ICAR), the Ministry of Environment, 
Forest and Climate Change, the Indian Agricultural Research 
Institute (IARI), Google Scholar, JSTOR, the Food and 
Agriculture Organization, and the Intergovernmental Panel 
on Climate Change (IPCC).

Study Area
The region examined is Bihar, an eastern Indian state located 
between latitudes 24.28° N and 27.52° N and longitudes 

83.32° E to 88.30° E. Administratively, it is divided into 38 
districts and covers approximately 94.16 thousand square 
kilometers. Bihar borders Nepal to the north, Uttar Pradesh 
to the west, Jharkhand to the south, and West Bengal to the 
east. During summer, temperatures can rise as high as 43°C, 
while in winter, they can drop below 5°C. The state receives 
an average annual rainfall of about 1200 mm, with moderate 
to heavy rainfall during the monsoon (approximately 84%) 
and winter seasons [15].

Bihar’s topography is characterized by fertile alluvial plains 
formed by the Gangetic valley. The Ganga River divides the 
state hydrologically into the North Ganga plains and the 
South Ganga plains. Other significant rivers include Gandak, 
Ghaghara, Baghmati, Kamla-Balan, Kosi, Mahananda, Son, 
and Punpun. The plains feature thick alluvium, mainly loam, 
which is annually renewed by the deposition of fine-textured 
clay, loosely bound silt, and porous sand. However, the soil 
lacks essential nutrients such as phosphoric acid, nitrogen, 
and organic matter [11], though it is rich in potash and lime. 
In the southern region, the plateau merges with Vindhyan 
and Dharwar lithology, consisting of hard rocks like granite, 
gneiss, and schist.

Bihar’s economy is predominantly rural, based on rainfed 
agriculture and allied sectors. Despite high overall rainfall, 
the state experiences significant variability, leading to 
periods of heavy rainfall and intermittent dry spells during 
the rainy season, which poses a significant challenge.

Figure 1: Indicators that serve as evidence of the climate change phenomenon.
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Source: IMD (India Meteorological Department).
Figure 2: Study area [16].

Data Collection
To conduct this comprehensive review on the effects of 
climate change on sustainable crop production in Bihar, 
a systematic approach was employed to collect relevant 
data from a variety of sources. The data collection process 
involved the following steps:

Literature Search: A thorough literature search was 
conducted using electronic databases such as Google Scholar, 
PubMed, Scopus, and Web of Science. Keywords used in 
the search included “climate change,” “crop production,” 
“Bihar,” “agriculture,” “sustainability,” “adaptation,” and 
“mitigation.” Both peer-reviewed articles and grey literature, 
such as government reports, policy documents, and non-
governmental organization (NGO) publications, were 
included.

Selection Criteria: Studies were selected based on their 
relevance to the topic, focusing on those that specifically 
address the impact of climate change on crop production 

in Bihar. Inclusion criteria comprised studies that provided 
empirical data, used robust methodologies, and offered 
insights into adaptation and mitigation strategies. Studies 
published within the last 20 years were prioritized to ensure 
the relevance and timeliness of the data.

Data Sources: In addition to scientific articles, data were 
collected from governmental and non-governmental reports, 
including those from the Ministry of Agriculture & Farmers’ 
Welfare (India), Bihar Agricultural University, International 
Food Policy Research Institute (IFPRI), and the Food and 
Agriculture Organization (FAO). Climatic data were obtained 
from the Indian Meteorological Department (IMD) and 
climate projection models from the IPCC [17].

Case Studies and Field Reports: Relevant case studies and 
field reports documenting the effects of climate change on 
agriculture and successful adaptation practices in Bihar were 
also included. These case studies provided practical insights 
and real-world examples of adaptation strategies [18,19].
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Results and Discussion

Climatic Trends in Bihar

Source: Sharma, et al. [20].
Figure 3: Spatial Patterns of Annual Rainfall (1901-2021).

The analysis of historical climatic data for Bihar reveals 
significant changes in temperature and precipitation patterns 
over the past few decades. The Indian Meteorological 
Department (IMD) records indicate a rising trend in average 
annual temperatures, with an increase of approximately 0.5 
to 1 degree Celsius over the last 50 years [4]. This warming 
trend is consistent floods with global climate patterns 
documented by the Intergovernmental Panel on Climate 
Change (IPCC) [1]. Precipitation patterns in Bihar have 
also become increasingly erratic [21,22]. While the overall 
annual rainfall has not shown a significant long-term trend, 
the distribution of rainfall has changed, with more intense 
and shorter-duration rainfall events leading to increased 
occurrences of both droughts and floods [23]. The frequency 
of extreme weather events, including heatwaves and cyclonic 
storms, has increased, exacerbating the challenges faced by 
the agricultural sector.

Impact on Crop Yields
Studies assessing the impact of climate change on crop yields 
in Bihar indicate a mixed but generally negative outlook. 
Rice, the staple crop of Bihar, has shown sensitivity to rising 
temperatures, particularly during the critical flowering and 
grain-filling stages. Studies using crop simulation models, 
such as the Decision Support System for Agrotechnology 
Transfer (DSSAT), project yield reductions of up to 10-
20% for rice under moderate warming scenarios. Similarly, 

wheat, another major crop, is adversely affected by higher 
temperatures, especially during the terminal heat period, 
leading to yield declines. Agricultural scientists have noted 
that without adaptation measures, rainfed rice yields in India 
are projected to decrease by 20% by 2050 and 47% by 2080. 
Similarly, irrigated rice yields are expected to decline by 
3.5% in 2050 and 5% in 2080. Wheat yields are anticipated 
to drop by 19.3% by 2050 and 40% by 2080, with significant 
geographical and temporal variations. Kharif maize yields are 
also predicted to decline by 18% in 2050 and 23% in 2080 
due to climate change. The study highlights the growth of 
major crops and their per-hectare yields in India from 1989-
2000 and 2001/2007-08. During this period, rice production 
decreased from 17.96% to 3.45%, and wheat production fell 
from 34.37% to 3.51%. These trends indicate a potential 
risk to India’s food security in the future, with the threat of 
climate change potentially increasing the number of people 
at risk of hunger by 5% to 26% by 2080.

Maize and pulses, which are also significant crops in 
Bihar, exhibit varying degrees of vulnerability. Maize is 
particularly sensitive to changes in precipitation patterns, 
with both drought and waterlogging conditions adversely 
impacting yields. Pulses, while somewhat more resilient, 
still face challenges due to erratic rainfall and temperature 
extremes. The review also highlights the impact of increased 
pest and disease prevalence as a result of climate change. 
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Higher temperatures and humidity levels create favorable 
conditions for pests like the brown planthopper in rice and 
rust in wheat, further reducing crop productivity.

Soil Health and Water Resources
The impact of climate change on soil health in Bihar is 
multifaceted. Rising temperatures and altered precipitation 
patterns contribute to soil degradation through increased 
erosion, reduced organic matter, and nutrient leaching. 
Studies indicate a decline in soil fertility, with significant 
reductions in essential nutrients such as nitrogen and 
phosphorus, which are critical for crop growth.

Water resources, a crucial component of agricultural 
sustainability, are under severe stress due to climate change. 
The erratic monsoon patterns have led to a dual challenge 
of water scarcity during dry spells and waterlogging during 
intense rainfall events. The dependence on monsoon rains 
for irrigation means that any deviation from normal patterns 
significantly affects water availability for crops. Additionally, 
the over-extraction of groundwater, driven by increased 
irrigation demands, is leading to a decline in water tables, 
further exacerbating water scarcity issues.

Socio-Economic Implications
The socio-economic implications of climate change on 
agriculture in Bihar are profound. The review highlights 
several key areas of concern:

Farmer Livelihoods: The negative impact on crop yields 
directly translates into reduced income for farmers. 
Smallholder farmers, who constitute the majority in Bihar, 
are particularly vulnerable due to their limited financial 
resources and access to technology. Crop losses lead to 
increased indebtedness and financial instability.
Food Security: Reduced agricultural productivity poses 
a significant threat to food security in Bihar. As a major 
food-producing state, declines in crop yields can lead to 
shortages in local food supply, increased food prices, and 
higher rates of malnutrition, particularly among vulnerable 
populations.
Rural Economy: Agriculture is the backbone of Bihar’s 
rural economy. Climate-induced yield reductions and crop 
failures result in decreased agricultural output, affecting 
related sectors such as agro-processing and trade. This has 
broader implications for rural employment and economic 
development.
Migration: Increasing climate stress on agriculture is 
driving rural-urban migration as farmers seek alternative 
livelihoods. This migration trend poses challenges for 
urban areas and leads to a loss of agricultural labor, further 
impacting productivity.

Adaptation and Mitigation Strategies 
The review identifies several adaptation and mitigation 
strategies that have shown promise in enhancing the 
resilience of Bihar’s agriculture to climate change:

Climate-Resilient Crop Varieties: The development and 
adoption of crop varieties that are tolerant to heat, drought, 
and waterlogging are critical. Research institutions and 
agricultural universities in Bihar have been working on 
breeding such varieties, with some success stories in rice 
and wheat.
Improved Agricultural Practices: Practices such as system 
of rice intensification (SRI), zero tillage, and integrated pest 
management (IPM) have been effective in improving yield 
stability under changing climatic conditions. These practices 
enhance resource-use efficiency and reduce vulnerability to 
climatic stresses.
Water Management: Enhancing irrigation infrastructure, 
promoting rainwater harvesting, and adopting water-
efficient irrigation techniques such as drip and sprinkler 
systems are essential to address water scarcity issues. 
Community-based water management practices have also 
shown success in improving water use efficiency.

Policy and Institutional Support: Government policies 
and programs play a crucial role in supporting adaptation 
efforts. Initiatives such as the Pradhan Mantri Fasal Bima 
Yojana (PMFBY) for crop insurance, the National Mission 
for Sustainable Agriculture (NMSA), and various state-level 
schemes provide financial and technical support to farmers 
[24,25].
Community-Based Adaptation: Engaging local 
communities in adaptation planning and implementation 
has proven effective. Community-based approaches leverage 
local knowledge and ensure that adaptation strategies are 
context-specific and widely accepted.

Case Studies and Regional Insights
Several case studies from Bihar highlight successful 
adaptation initiatives. For example, the adoption of SRI in the 
Nalanda district has led to significant improvements in rice 
yields and water use efficiency [18]. Similarly, community-
based water management practices in the drought-prone 
regions of South Bihar have improved water availability 
and crop productivity [10]. Comparative analysis with 
other regions facing similar climatic challenges provides 
additional insights. For instance, lessons from the drought 
management strategies in Maharashtra and the flood 
resilience programs in Bangladesh offer valuable guidance 
for Bihar.
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Research Gaps and Future Directions
The review identifies several research gaps that need to be 
addressed to enhance the resilience of Bihar’s agriculture to 
climate change [26]:

Localized Climate Models: There is a need for more 
localized and high-resolution climate models to provide 
accurate projections and guide adaptation planning [27].
Long-Term Studies: Long-term studies on the impacts 
of climate change on different crops and farming systems 
are necessary to understand cumulative effects and refine 
adaptation strategies.
Integration of Traditional Knowledge: Integrating 
traditional agricultural knowledge with modern scientific 
research can provide innovative solutions tailored to local 
conditions.
Interdisciplinary Research: Collaborative research 
involving agronomy, climatology, economics, and social 
sciences is essential to address the multifaceted challenges 
posed by climate change.

Conclusion

The review underscores the profound impact of climate 
change on sustainable crop production in Bihar, highlighting 
significant challenges such as rising temperatures, erratic 
precipitation patterns, increased pest and disease outbreaks, 
soil degradation, and water scarcity. These climatic changes 
have led to substantial declines in crop yields, adversely 
affecting the livelihoods of smallholder farmers, food 
security, and the rural economy. Effective adaptation and 
mitigation strategies are crucial to enhancing the resilience 
of Bihar’s agricultural sector. Promising approaches include 
the development and adoption of climate-resilient crop 
varieties, improved agricultural practices like system of 
rice intensification (SRI) and integrated pest management 
(IPM), and better water management techniques. Policy 
support, community-based adaptation, and the integration 
of traditional knowledge with modern science are also vital. 
Despite ongoing efforts, significant research gaps remain, 
particularly in localized climate modeling, long-term impact 
studies, and interdisciplinary research. Addressing these 
gaps will be essential for developing comprehensive and 
context-specific strategies to combat the adverse effects of 
climate change. In conclusion, a concerted effort involving 
researchers, policymakers, farmers, and communities is 
needed to ensure the sustainability of Bihar’s agriculture 
in the face of climate change. By leveraging successful 
adaptation practices and advancing research, Bihar can 
enhance its agricultural resilience and secure the livelihoods 
of its farming communities.
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