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Abstract: 

Global food and nutritional security are under threat from climate change. 

Temperature increasecoincide with an increase in greenhouse gas production in the 

atmosphere due to the greenhouse effect. The climate change is the main factor 

fostering many stresses that negatively affect the efficiency of agriculture. Rising 

temperatures, irregular precipitation and growing greenhouse gas emissions are all 

threatening global agriculture, resulting in lower crop yields and increased food 

insecurity. This review investigates the implications of changing the climate on soil 

fertility, water availability, pest infestations, yields and food security. It explores novel 

strategies including climate-smart agriculture, traditional breeding and genomic 

tools to alleviate the effects of abiotic stresses on crops, including heat, salinity and 

drought. In order to ensure food production and handle the urgent problem of 

climate-induced agricultural vulnerabilities, the review highlights the necessity of 

adaptive methods. 

Keywords: climate-smart farming, food security, global warming, genetic 

engineering, molecular breeding 

 

1. Introduction: 

Climate change is one of the world’s most pressing concerns today. The past few 

decades have indicated that the primary driver of significant changes in the global 

climate has been elevated human activity, which has altered the planet's atmosphere 

(IPCC, 2007).Carbon dioxide, nitrous oxide and methane concentrations have 

increased dramatically since 1750 (IPCC, 2014). According to Sathaye (2006), carbon 

dioxide emissions are the most significant source of greenhouse gas output. 

https://www.mdpi.com/search?q=food+security
https://www.mdpi.com/search?q=genetic+engineering
https://www.mdpi.com/search?q=genetic+engineering
https://www.mdpi.com/search?q=molecular+breeding
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It increased from 22 billion metric tons in 1990 to 36 billion metric tons in 2014 

(Abeydeera et al., 2019). Since 1975, the average planetary temperature has risen at 

a pace of around 0.20 °C every decade, and by 2021, an additional 5 °C is predicted 

(Arora et al., 2005). Catastrophic environmental changes had a significant impact on 

human health, agricultural productivity and ecological systems (Arunanondchai, 

2018). As the world's population is growing rapidly, so does food demand, owing to 

worries about the global environment's stability. Agriculture production is 

significantly impacted by the pollution, fertility of the soiland water availability (Noya 

et al., 2018). As climatic conditions change abruptly, the adverse repercussions on 

plant production intensify due to effects of abiotic stresses. Varying rainfall has an 

undesirable effect on crops, particularly in developing states (Malhi et al., 2021). The 

worldwide food supply is going to be seriously threatened by global warming (Betts 

et al., 2018). It is widely acknowledged that climate change negatively affects 

agricultural output and estimates suggest that it will cut the world's cereal production 

of wheat and maize by around 5% (Lobell et al., 2011). Crop plants are subjected to 

several abiotic stresses, particularly salt, drought, heat stress and cold stressdue to 

variations in climate (Malhi et al., 2020). The primary adverse consequences of 

climate change are reduced soil fertility, agricultural insect infestations and water 

shortages (Baul and McDonald, 2015). According to IPCC-2014, the nineteenth and 

twenty-first centuries are thought to have seen catastrophic global warming 

(Pachauri et al., 2014). Extreme precipitation occurrences may generate floods, or 

scarcity of rainfall for over an extended amount of time which leads to drought stress 

(Khan et al., 2016). The global climate is constantly changing and industrialization is 

a major contributor to rising temperatures. According to Altieri & Nicholls (2017) 

compared to developing states, developed nations are more likely to experience 

climate change.  

Food insecurity and climate change are the two main problems of 21st century. 

Sustainable development will have an additional challenge in achieving the global 

goal of ending hunger by 2030 because malnutrition affects more than 815 million 

people worldwide (Richardson et al., 2018. Globally, the productivity of main crops 

has clearly decreased with the increased temperature (Ito et al., 2018). By 2050, there 

will be roughly 9 billion people on the planet, and this will result in an 85% increase 

in food needs (FAOSTAT, 2017). According to Dhankher & Foyer (2018), it is predicted 

that the frequency of droughts, heavy rainfalls, temperature swings, salt stress and 

insect pest attacks will halt the crop productivity and raise the risk of famine. Severe 

environmental conditions have a significant impact on agricultural productivity, thus 

scientists have developed novel strategies to deal with these issues (Rosenzweig et 

al., 2014). To overcome these limitations and assure food security, new climate-

conscious crop cultivars must be devised (Wheeler & Von Braun, 2013). This review 
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addresses the consequences of climate change on food crops, as well as mitigation 

and adaptation strategies for combating climate change. 

 

2. Climate change & agriculture 

Earth's temperature fluctuates due to both natural and human-caused processes, 

which ultimately raises the level of greenhouse gasses. (Stern & Kaufmann, 2014). 

According to Montagka et al. (2021), anthropogenic activities cause the release of 

greenhouse gases such CO2, methane and nitrous oxide in addition to other 

compounds that cause the depletion of atmosphere's ozone layer. The agricultural is 

particularly vulnerable to climate change because of its weather sensitivity, which 

would have a severe detrimental effect on the economy (Mendelsohn, 2009). 

Fluctuating precipitation, rising temperature and CO2 fertilization negatively 

affects theagricultural crops (Malhi et al., 2021). Temperature surges are predicted to 

diminish agricultural yields by shortening their duration (Mahato, 2014). It is 

anticipated that the overall yield of the main cereals will decrease with every 2 °C 

increase in temperature(Challinor et al., 2014). Tropical regions are more affected by 

global warming because crops of tropical region are currently closer to the upper 

limit of their temperature tolerance range (Malhi et al., 2021). In most parts of the 

world, climate change is expected to increase the frequency of droughts, and by 

2050, yields in drought afflicted zones are expected to drop around 50%(Li et al., 

2009).  

Lower harvests are predicted to cause a 0.3% annual loss in global GDP from 

agriculture by 2100, which could significantly impact agriculture worldwide and 

drive-up food prices(Stevanovic et al., 2016). These predicted changes could 

negatively impact the agriculture industry (Kumar &Gautam, 2014). It is anticipated 

that a 1 °C surge in the global mean temperature will worsen yield losses of key 

cereal grains by 10 to 25% (Deutsch et al., 2018). Temperature and precipitation 

variations have a significant impact on plant-water relations and physiological 

alterations and are more likely to be affected by abrupt shifts in these variables than 

by variations in the average climate (Reyer et al., 2012). Although C3 crops are 

predicted to yield more but in the presence of stressful situations, both C3 and C4 

crops are predicted to yield less (DaMatta et al., 2010).With higher CO2 levels, non-

leguminous C3 crops have lower concentrations of nutrients (N, Zn, Fe, and S), which 

are mostly contained in proteins (Uddling et al., 2018). Human health is adversely 

influenced by the reduction in iron and zinc content of C3 crops owing to rising CO2 

levels(Myers et al., 2014). 

The microbial community in the soil and its enzymatic activity are also impacted by 

climatic variations. Climate change also has an impact on crop weed infestation. C3 

weeds exhibit greater biomass and leaf area in response to elevated CO2 

concentrations. While C4 weeds become less competitive in C3 plants and C3 weeds 
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pose a significant threat to C4 plants (Korreset al.,2016). Weeds contend with crops 

for both nutrients and water, because they demand more nutrients than agricultural 

crops (Malhi et al., 2020). As a result of climate change, weeds are expanding their 

geographic rangeand the only way to effectively control them is to develop new 

management strategies that take climate change into account. Climate change is 

expected to make pest infestations of different crops worse since warmer, more 

humid weather encourages the growth of pests. However, it will differ depending on 

the locality and how well-adapted the pests are to the changing environment ((Malhi 

et al., 2021).  

 

2.1. Climate change & crop yield  

Variability in the climate and harsh environmental conditions raised the 

possibility of different plant on crop plants(Thornton et al., 2014).According to a FAO 

(2007) report, climate change affects every agricultural region on the planet(Van 

Velthuizen, 2007). The impact of abiotic stresses on the efficiency of crops are 

challenging to quantify precisely but crop productivity is thought to be significantly 

impacted by these stresses, depending on how much of the entire cultivable region is 

damaged. It is predicted that in the future water scarcity, climate change and other 

factors will reduce the productivity of the world's major crops in many nations 

(Tebaldi&Lobell, 2018).Temperature extremes brought on by climate change have a 

significant impact on wheat production in many areas of world (Asseng et al., 2015). 

Two primary stresses with a considerable implication on crop yields are drought 

and high temperature (Barnabás et al., 2008).  

Sorghum, maize and barley crops were studied for the cumulative impacts of 

drought and heat stress on cropsoutput and results showed that the combination of 

these stresseswas more detrimental than individual stresses (Wang& Huang, 2004). 

Water stress in cereals has been proven to have a deleterious impact on the 

development of flowers(Xu&Zhou,2006). Climate change is predicted to cause 

agricultural productivity to drop to 25.7% by 2080 (Hellin et al., 2014). In an 

investigation to look into the consequences of climate change on key crop yields, 

Zhao et al., (2017) found that maize, soybeans, rice and wheat all had showed 

significant yield losses. Drought stress has been shown to shrink the production of 

black gram from 31% to 57% during the flowering stage, and from 26% to 57% 

during the reproductive phase (Baroowa &Gogoi, 2014).According to Maleki et al. 

(2013), dry spell caused the 42% decrease in yield of soybean(Maleki et al. 2013). It 

was shown that the yield of maize was negatively impacted by every 1 °C upsurge in 

temperature (Lobell et al., 2011). Water scarcity is another keyproblem in sorghum, 

as noted by the majority of the leading producers (Otto et al., 2017).  
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2.2. Climate change & Food Security 

Food safety may be jeopardized by climate variation because it can reduce the 

agricultural yields and increase competition for resources. According to Wang et al. 

(2018) by the end of the 2050s, nations like Egypt, Botswana,Myanmar and India and 

will face severe food insecurity. Furthermore, as a result of rising temperatures the 

majority of Asian and African regions will suffer from severe shortages of food by the 

close of 2080(Zewdie, 2014).Food availability is the amount of food that is produced 

domestically or imported and is of a satisfactory quality that is available for 

consumption. According to Zewdie (2014), this is one of the main variables used to 

evaluate food safety.Numerous studies have indicated that by the end of the 2050, 

climate change may result in reduced production in wheat (Gammans et al., 2017), 

maize (Li et al., 2014) and rice (Li, 2018).  

It will be extremely difficult to sustain this fast-rising population due to a drop in 

agricultural productivity induced by mounting temperatures. This might end in a 

severely limited supply of food in the future, jeopardizing food security and safety. 

Recent findings indicate that global warming has a negative impact on agricultural 

outputwhich caused the food prices to rise by 20% (Trostle et al., 2010). According to 

a number of predictions, the expected surge in population growth and global 

warming will cause market prices of corn to increase by 42 to 131% by the end of the 

2050s. According to Conforti (2011), the market price of rice is expected to increase 

by 11% to 78% as a result of the reduced yield brought on by climate 

change.Numerous research found that food quality, including nutritional content was 

negatively impacted by climate change. Grain characteristics such as starch 

concentration, granular size and gelatinization of wheat can be negatively influenced 

by a 2 to 4 °C rise in temperature(Williams et al.,1995). However, new pests, 

diseasesand weeds may also arise as a result of climate change, which potentially 

have an impact on human health, the food chain, agricultural productivity and quality 

(Rosenzweig et al., 2001). 

Global warming can push our food systems to the verge of catastrophic levels by 

raising food prices (Nelson et al., 2010). Maintaining food system security is 

backbreaking, particularly in light of rising temperatures (Wheeler and Von Braun, 

2013). 

 

3. Approaches to Combat Climate Changes 

Environmental variability has long-lastingeffects on agriculture and food safety 

around the world. The harsh weather conditions create a menace to the safety and 

security of foods, and this is not an entirely novel problem. Farmers can use climate-

resilient solutions by combining traditional and agroecological management 

practices, such as biodiversity, soil management and rainwater harvesting (Altieri & 

Nicholls, 2017). These management strategies improve carbon sequestration, soil 
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health, soil quality and reduce soil erosion, resulting in healthier soils and 

agricultural systems (Lal et al., 2011). Therefore, the most pressing issue in the world 

now is to adapt to these weather variations. The subsequent measures must be 

implemented for crops to adjust to fluctuating circumstances. 

 

3.1. Cultural Approaches 

Farmers employ variety of useful strategies, including asirrigation techniques,crop 

rotation, varying cropping patterns and short-cycle crops. Under climatic stress 

circumstances, all of these actions may improve crop adaptability (Deligios et al., 

2019). Shifting the cultivation time, planting novel crops and utilizing drought 

resistant cultivars are some vital approaches to reduce the risk of climate 

unpredictability and boost crop plant adaptability to assure food security and 

safety(Ali & Erenstein, 2017).Utilizing crop-management strategies that can improve 

crop development under a range of environmental stresses is another way to 

increase plant adaptation. The timing of sowing, planting density and optimal 

irrigating techniques are critical approaches to deal with meteorological challenges 

(Battisti et al., 2018). Fertilizers are also essential for mitigating the effects of global 

warming and assisting plants in adapting more effectively. It delivers significant 

energy to plants which helps to maintain soil fertility and productivity. As a result, 

the role of fertilizer in sustaining the earth is undeniable (Henderson et al., 2018). 

 

3.2. Traditional Methods 

Plant breeding is an adaptable method for crop development and improvement 

under a range of environmental variables. In addition to helping plants survival from 

various challenges during a critical stage of plant growth, it ensures food security 

and safety amid extreme weather variations (Blum, 2018). Inbreeding selection, 

Polymorphism and recombination are used in genetic divergence analysis to 

produce the ideal plant. In order to establish innovative cultivars based on genetic 

variation and affinities, genetic divergence analysis is considered an essential 

tool(Raza et al., 2018).  

3.3. Genetics and Genomics Strategies 

Breeding programs in several crops are combined with genomic techniques to 

identify elite genes with multi-trait assembly and reach new heights in molecular 

breeding (Bevan &Waugh, 2007). With the introduction of sequencing and 

phenotyping, genomic-led breeding paved the path for identifying genes involved in 

various mitigation stress. (Kole et al., 2015). Collins et al., (2008) propose that the 

development of new cultivars with enhanced stress resistance is enabled by QTL 

dissection of yield-related factors in crops. Molecular plant Breeding is a key 

approach for enhancing crop yields and productivity in the presence of multiple 
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environmental stresses. (Wani et al., 2018). Genomic selection (GS) is an intriguing 

approach for crop improvement that uses high-throughput phenotyping and marker 

density to screen elite genes, improve polygenic characteristics, and produce cost-

effective breeding lines (Kumar et al., 2018). 

 

3.4. Genetic Engineering 

Genetic engineering is a powerful technique to modify the genetic makeup of the 

genome for the benefit of humans. Identification of stress-responsive transcription 

factors is a crucial breakthrough for developing stress-resistant agricultural varieties. 

These transcription factors can regulate gene phenotypes in genetically engineered 

crops exposed to various stresses (Reynolds et al., 2015). Genetic engineering has 

produced a large number of transgenic plants to combat biotic and abiotic 

stresses.These genetically altered plants are significantly more resistant to 

environmental fluctuations than conventional plants (Nejat & Mantri, 2017). Several 

transcription factors are recognized like the AP2/ERFBP group, which is important for 

several plant growth pathways and has roles in all stress responses (Licausi et al., 

2010). Genetically modified tobacco with an overexpressed GmERF3 gene shows 

improved resistance to TMV, dehydration, and salinity stress (Zhang et al., 2009) 

[193]. WRKY is another significant family of TFs that is widely distributed in response 

to abiotic stresses (Muthamilarasan et al., 2015).  

Genome editing (GE) is a decidedly effective approach for manipulating the plant 

genome using sequence-specific nucleases. On a global scale GE-assisted crop 

modification has the potential to combat food insecurity and create a climate-

conscious farming system (Liu et al., 2013). The use of GE technologies and the 

development of novel techniques for quick and precise genome editing to enhance 

crop output and protect crops from various stresses have had a significant impact on 

plant breeding techniques (Taranto et al., 2018). Therefore, in order to improve crop 

varieties with a high potential for producing yielding crops, it is necessary to 

develop innovative alterations in the gene pool of plant germplasm under 

different stresses (Kamburova et al., 2017).Genome editing technique uses specific 

to the site endonucleases such as zinc-finger nucleases, CRISPR-Cas9 and 

transcription activator-like effector nucleases(Zhu et al., 2017). The CRISPR/Cas9 

system is emerging as the most effective GE technique among the genome editing 

toolsdue to its affordability, speed, accuracy, and ability to edit many sites within the 

genome at once (Abdelrahman et al., 2018). Plant genome editing using 

CRISPR/Cas9 has been widely studied to adapt to biotic and abiotic challenges 

(Khurshid et al., 2017). Shen et al. (2017) used Osann3 gene knockout to study 

japonica rice ability to withstand cold stress and found that this enhanced the cold 

stress tolerance. The development of herbicide tolerance in mutant rice lines was 
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achieved through the use of CRISPR/Cas9 to knock down the PmCDA1 gene 

(Shimatani et al., 2017). 

 

Conclusion and Future perspective: 

Climate change is an undeniable issue that poses serious difficulties to global 

agriculture, jeopardizing crop production, soil health, water supplies and food 

security. This review emphasizes the negative effects of climate change on 

agricultural productivity, such as reduced crop yields, soil degradation, water 

scarcity and increased pest and disease pressures, as well as the need for adaptive 

strategies, such as climate-smart agriculture, genetic engineering, molecular 

breeding, and traditional farming practices, to mitigate these consequences. Future 

efforts must focus on developing resilient crop varieties through genetic 

engineering, molecular breeding, implementing climate-smart agricultural practices 

for sustainable cropping systems and assuring strong regulatory and institutional 

support.  

Addressing the complex difficulties faced by climate change requires collaborative 

research, knowledge exchange, and the creation of monitoring and early warning 

systems. Additionally, efforts to reduce greenhouse gas emissions from agriculture 

must be enhanced. Integrating these measures allows the agricultural industry to 

better adapt to climate change, assuring food security and sustainability for future 

generations. Continued investment in research, innovation and collaboration will be 

critical to developing a resilient agricultural system that can survive the effects of 

climate change.  
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