
Biological and Clinical Sciences Research Journal 
eISSN: 2708-2261; p ,  ISSN: 2958-4728 

www.bcsrj.com    

DOI: https://doi.org/10.54112/bcsrj.v2023i1.618           
Biol. Clin. Sci. Res. J., Volume, 2023: 618    

[Citation Amin, H.A.B., Ahsan, M., Niaz, A., Gul, R., Nawaz, S., Shah, S.A.H., Ali, S., Ahmad, F., Munir, A., 

Ahmad, H.T. (2023). Climate change impacts on soil properties and agricultural productivity. Biol. Clin. Sci. Res. J., 

2023: 618. doi: https://doi.org/10.54112/bcsrj.v2023i1.618] 

 1  
   

Mini Review Article 

 CLIMATE CHANGE IMPACTS ON SOIL PROPERTIES AND AGRICULTURAL PRODUCTIVITY 

AMIN HAB1*, AHSAN M2, NIAZ A3, GUL R3, NAWAZ S4, SHAH SAH5, ALI S6, AHMAD F4, MUNIR A7, 

AHMAD HT8   

1Agriculture Research & Facilitation Centre, Chappu, Pakistan 
2Institute of Soil and Environmental Sciences, University of Agriculture Faisalabad, Pakistan 

3Pesticide Residue Laboratory, Institute of Soil Chemistry and Environmental Sciences, Kala Shah Kaku, Pakistan 
4Soil and Water Testing Laboratory Sargodha, Pakistan 

5Soil & Water Testing Laboratory Mianwali, Pakistan 
6Soil Fertility Jhang, Pakistan 

7Department of Agronomy, PMAS-Arid Agriculture University Rawalpindi, Pakistan 
8National Cotton Breeding Institute, The Islamia University of Bahawalpur, Pakistan 

*Corresponding author email address: hafizabubakaramin@gmail.com   

(Received, 7th October 2023, Revised 20th December 2023, Published 23th December 2023) 

Abstract There are significant and far-reaching implications for agriculture due to the extraordinary changes in the 

global climate. Temperature variations affect the structure of the soil, and changes in precipitation patterns and 

harsh weather lead to soil erosion and other negative effects. The agricultural sector faces various obstacles, 

ranging from fluctuations in crop yields under climate stress to difficulties managing water due to changing climate 

conditions. Integrating research, presenting local case studies, and considering potential future paths may provide a 

comprehensive picture of the intricate interactions between agriculture and climate change. 
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Introduction  

The global climate change phenomena have gained 

prominence in public awareness campaigns, policy 

talks, and scientific research. Rising temperatures, 

altered precipitation patterns, and the frequency and 

severity of extreme weather events all contribute to 

the Earth's climate experiencing hitherto unseen 

changes (Corwin, 2021). Agriculture is one of the 

important industries that these developments have a 

significant impact on. This thorough analysis 

explores the complex interplay among soil 

characteristics, agricultural productivity, and climate 

change. Although there have always been variations 

in the Earth's climate, the current shifts are 

unprecedented in speed and scope. Burning fossil 

fuels and deforestation, in particular, are two human-

caused activities that have greatly increased 

greenhouse gas emissions and caused global 

warming (Panahi et al., 2020). The effects of this 

warming go well beyond an increase in mean 

temperatures; they also show up as modified weather 

patterns, disturbed ecosystems, and changes in the 

distribution of plants and animals. The effects of the 

Earth's changing climate on agriculture are extensive 

and diverse. Globally, farmers have difficulties such 

as shifting growing seasons, erratic precipitation 

patterns, and a rise in extreme weather phenomena 

like heat waves, floods, and droughts (Dhankher & 

Foyer, 2018). These elements work together to create 

a complicated web of relationships that affect soil 

health and, in turn, agricultural output. 

Agriculture is built on the soil, which supplies the 

necessary nutrients and structure to sustain plant 

growth. The structure, composition, and nutrient 

availability of soil can all be impacted by climatic 

changes, both directly and indirectly (Smith & 

Siciliano, 2015). Since agricultural output is closely 

related to soil health, comprehending these changes 

is essential. Farmers must modify their methods to 

maintain sustainable food production, given the 

changing environment. Furthermore, agricultural 

production affects society, the economy, and food 

security. Agriculture is the primary source of income 

for many communities worldwide, and variations in 

productivity can affect earnings, employment, and 

the economy's stability (Abdalla et al., 2019; Sharma 

et al., 2020).  

Climate Change Effects on Soil Properties 

The Earth's environmental dynamics are being 

profoundly altered by climate change, which affects 

many ecosystems and natural processes. Soil quality 

is one of the important areas affected by these 

changes (Lehmann et al., 2020). Developing 
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methods to sustain and improve agricultural 

production requires understanding how climate 

change impacts the fundamental components of 

agricultural soil. 

Temperature Changes and Soil Structure 

Soil structure is impacted by climate change, 

characterized by rising global temperatures. The 

rising temperature accelerates the physical and 

chemical processes occurring in the soil. These 

variations in soil texture may impact the soil's 

capacity to hold onto water and nutrients. 

Furthermore, high temperatures can affect microbial 

activity, changing the balance of microorganisms in 

the soil essential for the breakdown of organic matter 

and the cycling of nutrients (Yu et al., 2019). A 

detailed analysis is required to fully understand the 

significance of the relationship between soil structure 

and temperature for agriculture. 

Precipitation Patterns and Soil Erosion 

Changes in precipitation patterns are another feature 

of climate change; certain areas experience longer 

and more intense droughts, while others have more 

frequent and heavy rains. The process of soil erosion, 

which is essential to soil health, is directly impacted 

by these changes. Elevated runoff from heavy 

rainstorms can remove productive topsoil and leave 

behind less productive subsoil (Skendžić et al., 

2021). On the other hand, extended dry spells can 

compact the soil, making it less able to hold onto 

water when it does rain. Thus, variations in 

precipitation patterns are a major factor in soil 

erosion and a danger to the sustainability of 

agriculture. 

Impact of Extreme Weather Events on Soil 

Health 

Climate change makes extreme weather events like 

hurricanes, floods, and wildfires more common and 

severe. These occurrences may affect the health of 

the soil both now and in the future. For example, 

floods can remove topsoil and deposit sediments, 

changing the area's fertility and composition 

(Boursianis et al., 2022). In the meantime, flames 

can potentially sterilize the soil, eradicating 

important microbes. It is essential to comprehend 

how these occurrences affect soil health to create 

resilient agriculture methods that can resist and 

bounce back from such harsh events. The effects of 

these changes on agricultural productivity will be 

examined in more detail in the following sections, 

along with possible strategies for adaptation and 

mitigation. 

Agricultural Productivity in a Changing Climate 

The repercussions of the extraordinary changes in 

the global climate transcend well beyond weather-

related events (Yao et al., 2015). A vital component 

of human civilization, agriculture is especially 

vulnerable to the effects of climate change. The 

complex web of opportunities and problems posed 

by a changing environment for agricultural output is 

negotiated in the third portion of this thorough 

assessment. 

Crop Yield Variability under Climate Stress 

In agriculture, one of the main issues is the variation 

in crop yields brought on by climate stress. 

Consistent and predictable crop production is 

severely hampered by shifting precipitation and 

temperature patterns and the rise in extreme weather 

events (Trivedi et al., 2016). For example, heat 

waves can negatively impact crops during the 

flowering and grain-filling stages, decreasing yields. 

On the other hand, changes in precipitation patterns 

could cause water stress when vital growth stages are 

approaching. 

Water Management Challenges 

One of the primary problems in agriculture is the 

variance in crop yields caused by climate stress. 

Changing precipitation and temperature patterns and 

an increase in the frequency of extreme weather 

events are major obstacles to consistent and 

predictable crop output (Trivedi et al., 2016). 

Heatwaves, for instance, can have a detrimental 

effect on crops during the flowering and grain-filling 

stages, which lowers yields. On the other hand, as 

critical growth stages are about to pass, variations in 

precipitation patterns may result in water stress. 

Understanding the complex relationship between 

crop productivity and climatic stress is crucial to 

developing resilient agricultural systems that can 

withstand these challenges. 

Adaptation and Mitigation Strategies in 

Agriculture 

The agriculture sector is forced to investigate and 

implement adaptation and mitigation solutions in 

light of these difficulties. Mitigation aims to lessen 

the sector's contribution to climate change, whereas 

adaptation entails adapting agricultural methods to fit 

the changing environment (Luo et al., 2017). Both 

paths are crucial to guarantee agriculture's long-term 

viability. Creating and applying climate-resilient 

crop varieties, scheduling plantings to coincide with 

shifting seasons, and improving soil management 

techniques to increase water retention and nutrient 

availability are a few examples of adaptation tactics 

(Liang et al., 2019) in terms of mitigation, 

sustainable farming methods like agroforestry and 

precision farming help to improve soil carbon 

sequestration and lower greenhouse gas emissions. 

Future farming methods will heavily rely on how 

adaptation and mitigation techniques interact. 

Reducing environmental effects while increasing 

production necessitates a comprehensive strategy 

that combines modern technology, ancient wisdom, 

and scientific understanding. 

Innovations and Technologies for Sustainable 

Farming 
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Agriculture can only be resilient and sustainable if 

new technologies are included. Precision farming is 

becoming more and more popular. It uses data-

driven technologies to maximize agricultural yields, 

resource use, and efficiency (Smith et al., 2016). 

Farmers can now monitor and manage their fields 

with previously unheard-of precision thanks to 

drones, satellite imaging, and sensor-based 

technology. Furthermore, genetic engineering 

improvements help create crops with enhanced insect 

and drought resistance characteristics, enabling them 

to flourish in ever-changing climates. Examining 

these state-of-the-art developments offers insight 

into how technology can revolutionize agriculture in 

the future. 

Recommendations for Future Studies 

Although the intricate relationship between soil 

characteristics, agricultural productivity, and climate 

change has been better understood, substantial 

research gaps remain (Liakos et al., 2018). Finding 

these gaps is essential to directing future research 

initiatives properly. For example, further 

investigation is required to comprehend the long-

term effects of particular climate stressors on 

nitrogen cycling and soil microbial populations. 

Furthermore, further research is necessary to fully 

understand the socioeconomic aspects of how 

climate change affects agriculture to guarantee that 

any remedies are not only economically and socially 

just but also scientifically sound. Future research, 

such as policy and practice, is encouraged outside 

the laboratory. Cooperation among researchers, 

legislators, and practitioners is crucial to close the 

gap between scientific understanding and practical 

application. In addition, promoting interdisciplinary 

research that integrates knowledge from the social 

sciences, climatology, economics, and agronomy 

will offer a more comprehensive understanding of 

the problems at hand. 
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