
 

1 | P a g e 

 

 

 

 
 

THE INTERNATIONAL JOURNAL OF GLOBAL SCIENCES 
(TIJOGS) ISSN Online: 2663-015X 
Vol. 4(2) April-June;01-May-2022 
http://www.rndjournals.com 

 

Plant Breeding: A Key Player to Sustain Food Security Under Climate Change 

*Ahmad Zia Khan1, Noreen Naz2, Ebadat-ur-Rehman3, Mazil Hamza Nawaz Dogar4, Abubakar Asif5, Fitrat Ullah6, Hamza Bin Sajid 7 
1 Institute of Horticultural Sciences, University of Agriculture Faisalabad 

2Department of Geography Punjab University Lahore 
3Institute of Environmental Sciences & Engineering, National University of Sciences & Technology, Islamabad 

4,7Department of Plant Breeding and Genetics, University of Agriculture Faisalabad 
5Institute of Soil and Environmental Sciences, University of Agriculture Faisalabad 

6Department of Plant Breeding and Genetics, University of Agriculture Peshawar 
*Corresponding Email. ahmadkhan07701@gmail.com 

 

Abstract 

Climate change is putting global food security, ecosystems, economic stability, and water resources at risk. Drought and heat are wreaking 

havoc in the world's tropical regions, making it difficult to develop and produce high-yielding crops throughout the crop life cycle. Plant 

breeding is becoming increasingly important in overcoming crop plant production constraints through the development of high-yielding 

and resistant crop varieties. Plant breeding is the science of improving crop plants for quantitative and qualitative traits, as well as 

developing more biotic and abiotic stress-resistant crop technologies. Crop production and yield, water availability, fisheries production, 

agricultural pests, and livestock production are just a few of the effects of climate change on food security. Plant breeding has a significant 
impact on food production and will continue to be critical in ensuring food security in the future. To maximize the genetic yield potential 

of crops and exploit these variations through the effective selection, plant breeding heavily relies on the presence of significant genetic 

variations. 
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Introduction 

Multiple major production difficulties have been identified on a global basis. All of these factors have a substantial effect on agricultural 

plant yield and productivity. As the world's population grows and agriculture employs more people, these three factors have a negative 

change on worldwide productivity. Because population growth and crop productivity are not keeping pace, it is becoming increasingly 

difficult to feed the world's burgeoning population, which is expanding at a geometric rate while crop productivity is expanding at an 

arithmetic rate. Current conditions are a direct effect of global climate change and its repercussions. If agriculture is to satisfy the needs of 

a growing global population, it must change its focus from expanding agriculture to developing modern agriculture in a sustainable manner. 

By 2050, agriculture is expected to generate 60–100% more food than it does currently (Tilman et al., 2011). Despite the fact that climate 

change is linked to rising temperatures, decreased water availability, and limited land availability, sufficient food must be produced to meet 

the growing demand for food security. 

For many centuries, plant breeders have utilized a variety of breeding techniques and strategies to increase the amount of accessible food. 

Monoculture, on the other hand, diminishes agricultural productivity by eradicating genetic variability and making it hard to cultivate the 

appropriate type of food (Khoury et al., 2014). To boost crop yields genetically between 1960 and 2015, it was necessary to combine 

traditional plant breeding with innovative agronomic techniques. The first green revolution enhanced agricultural productivity through the 

introduction of high-yielding varieties, irrigation, new productivity-boosting practices, and a multitude of synthetic fertilizers. However, the 

green revolution is no longer as influential on some of the world's most important food crops (Grassini et al., 2013) as it once was. Currently, 

agricultural yields are increasing by 0.9% to 1.6% per year, which is insufficient to meet demand in the near future. To meet the global 

demand for food, production must increase by 2.4% per year (Ray et al., 2013). 
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As the global population increases, it is more crucial than ever to find economic and climate change-resistant crops. The expansion of the 

world's population poses a threat to food security. To address these issues, it is vital to enhance agricultural productivity. In addition to 

conventional crop plant development, marker-assisted breeding (Varshney et al., 2018) can help agricultural genetics addressing some of 

the world's most pressing problems. Marker-assisted plant breeding will be necessary for agriculture to improve quickly in terms of 

production and productivity in the future. If biotechnology is not employed to improve plant change and boost food supply by overcoming 

limits such as declining yields and other challenges, it will be unable to prevent global climate change. By producing more food, improved 

breeding techniques can boost crop yields, decrease poverty and hunger, and improve people's lives (Gruhn et al., 2000). 

Agriculture confronts several difficulties, especially in semiarid regions of the world. As the global population increases, productivity yields 

change, water scarcity or droughts occur, and the climate changes, farmers have an uphill battle (Eigenbrode et al., 2018). Due to the 

instability of yields caused by these production obstacles, it is more difficult for people around the world to obtain food (Wang et al., 2018). 

The capacity of a species to change to biotic and abiotic environmental changes is contingent upon its capacity to maintain genetic diversity. 

Plant DNA is crucial because it enables farmers to make significant alterations to the appearance. Since agriculture and climate change are 

intertwined, global warming has a negative effect on global productivity. The purpose of the project was to understand more about how 

plant breeding could preserve agricultural productivity from the alarming and severe effects of climate change. 

Impact of climate change on food security 

Only if a person has physical, social, and economic access to sufficient quantities of safe, nutritious food can their food preferences and 

dietary needs be met. Food availability, accessibility, and consumption all influence food security (Connolly-Boutin & Smit, 2016). The 

three pillars of food security are availability, access, consumption, and long-term food stability (Renzaho & Mellor, 2010). Various indices, 

including yield and food production, animal ownership, and national food accounting (Sen, 1997), can be used to evaluate food availability. 

Food access is defined as the assortment of different commodity bundles that a person in a community can acquire by combining all of his 

or her rights and opportunities (Yimer, 2015). 

Food accessibility refers to an individual's ability to acquire food through utilizing legal, political, economic, and social resources. Food 

utilization is the process of consuming sufficient food to meet all of your body's needs through a balanced diet, safe drinking water, proper 

hygiene, and medical care. Food utilization is defined as "the nutritional value of the diet, including its composition and methods of 

preparation; the social values of foods, which dictate what types of food should be served and eaten at various times of the year and on 

various occasions; and the quality and safety of the food supply, which, if inadequate, can lead to food waste and the spread of food-borne 

diseases (Turral et al., 2011)." Food security refers to the availability of adequate food for a population, household, or individual. In other 

words, "stability" refers to the convenience and security of obtaining food supplies. 

Consequently, agricultural output, which supplies both food and income to rural inhabitants, is intricately linked to all aspects of food 

security. Environmental, economic, and social variables all contribute to food security problems associated with climate change (Keane et 

al., 2009). Climate change has four effects on food security: availability, access, utilization, and stability. This is due to a combination of 

cascade effects and food security problems. Every facet of food security is impacted by climate change. The effects of climate change on 

human welfare, economic development, international trade, and food aid policy are examined in (Thompson & Scoones, 2009). Climate 

change endangers both food security and the ability of people to earn a living (Tilman et al., 2011). Climate change has posed a threat to 

Africa's food, water, and productivity. Climate change is expected to affect all of the components that influence food security: availability, 

access, stability and utilization Figure 1. 
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8.2 Sources of Genetic Diversity and their Screening for Stress Adaptation  

8.2.1 Crop-related Species  

Crop wild relatives (CWR) are important plant genetic resources for traits that help plants adapt to climate change because they are more 

variable than farmed gene pools and can thrive in marginal and non-traditional crop habitats (Redden et al., 2015; Zafar et al., 2020a; Zafar 

et al., 2021a; Zafar et al 2022a; Zafar et al 2022c). As a result, regional analysis can aid in the discovery of specific adaptive traits. CWR 

has shifted the change of day when rice flowers bloom to a cooler hour in the morning to ensure viable rice spikelets (Ishimaru et al., 2010). 

It is possible to find the allelic differences that generate adaptive responses and employ these genes in plant breeding populations by looking 

at CWR in different ways and in different regions. To find adaptive stress traits in CWR, reliable high-throughput phenotypic techniques 

and carefully defined testing conditions are necessary (Porch et al., 2013).  

8.2.2 Domestic Genetic Diversity  

Landraces are domesticated plants that, despite their training in captivity, have adapted to live in the wild. They assist farmers in difficult-

to-farm areas with genetic resources (Dwivedi et al., 2016). Many nutrient-dense landraces flourish in a variety of ways. Early maturity, 

cold tolerance, a high proportion of crude protein, and other characteristics are among them (Dotlacil, 2010). Using a normalized rank 

product and multi-trait optimization, you might be able to find plant breeding accessions with the right traits (Keilwagen et al., 2014). Using 

omics technologies to understand more about landraces, researchers could find genes and traits that make new cultivars better at responding 

to different crop yields. Even in bad weather, crops can profit from this strategy. 

8.2.3 Crossbreeding 

 Plant breeding still uses phenotype-based selection in populations with different genes. When the genetic variant of a characteristic is 

selected from the source breeding material across several growing seasons, the trait adapts to the local environment. This is especially true 

for climate-dependent traits like edible yield (Zafar et al., 2020b; Zafar et al., 2021b; Zafar et al., 2021c; Zafar et al., 2022b; Manan et al., 

2022; Sahar et al., 2021). As a result of climate change, cultivars with varying life cycles require traits from a wide range of species, and 

host plants must be able to withstand new diseases and pests. Adaptability is a genetic trait that determines how well a crop can respond to 

changes in the environment (Chloupek & Hrstkova, 2005). In ideal conditions, the yield of a cultivar with a high level of adaptability is 

expected to increase. The yield of a cultivar is usually measured by comparing it to the average of all the times it was tested (Finlay and 

Wilkinson, 1963). In quantitative genetics analysis, which looks at hard-to-measure multigenic traits, many statistical models and 

methodologies based on strong hypotheses are used (Hill, 2010). By displaying how genetic and non-genetic factors interact, quantitative 

genetics can help us understand how traits change in response to climate change. This exemplifies even more fundamental plant breeding 

concepts. It is easier to identify the quality or breeding value of future children and to understand how traits change over time with a large 
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number of DNA markers and phenotypic data, as well as quantitative genetic analysis. 

8.2.4 Pre-breeding  

"Any change of germplasm that results in domestication" is classified as "germplasm enhancement" or "pre-breeding" (Smith, 1993). 

Increased germplasm plant breeding should be investigated since it provides domestic varieties that are superior to existing imports. Pre-

breeding links plant breeding processes to genebank genetic resources (Nass and Paterniani, 2000). In contrast, germplasm enhancement 

requires a substantial investment of time and resources over a period of five to ten years. The public and commercial sectors must collaborate 

to produce successful outcomes for a project that expands the genetic pool. The first stage in upgrading germplasm is to search for desirable 

traits in genetic resources that are exotic or unsuited for enhancement, and so cannot be employed in plant breeding. Germplasm is genetic 

material that can only be utilized if it has been changed to thrive in an exotic environment. An exotic population with a large number of 

advantageous alleles that has been selected for adaption can be utilized as a selection base population (Crossa, 1989). Germplasm 

enhancement is achieved when these traits are transferred to intermediate breeding populations, which are subsequently used to generate 

cultivars.  

8.2.5 Biotechnology and Modeling as Aids for Breeding Cultivars  

The development of novel cultivars will be aided by genetic engineering and genomic-led breeding as the climate changes. To utilize 

quantitative trait loci in bred germplasm, marker-assisted backcrossing, marker-assisted recurrent selection, and genomic estimated breeding 

values can all be employed (Razzaq et al., 2021a; Razzaq et al., 2021b; Razzaq et al., 2021c; Zafar et al., 2020a). Potential candidate genes 

with the appropriate promoters can be utilized in genetic engineering to create germplasm that will be crossed to produce cultivars that can 

grow in challenging environments. In silico breeding can disclose the most effective techniques for cultivating plants with the highest genetic 

value and economic efficiency. These solutions can then be implemented into computer simulations and tested in real-world circumstances. 

It can be utilized for gene mapping, network analysis, simulation of genotype-environment interaction, and crop modelling (Varshney et al., 

2011). 

 8.3 Physiology-facilitated Breeding and Phenotyping 

 Abiotic stressors have an effect on crop yield and productivity. In the tropics, high temperatures, flooding, and drought have a negative 

impact on crop output. This raise concerns over crop yield and food security. The objective of breeding for climate change adaptation is to 

produce cultivars that can withstand environmental stress. Phenotypic plasticity, or the ability to change phenotype in response to 

environmental change, has been demonstrated in plants (Nicotra et al., 2010; Zafar et al., 2020b; Zafar et al., 2021b; Zafar et al., 2021c; 

Zafar et al., 2022b; Manan et al., 2022; Sahar et al., 2021). Therefore, physiology-assisted plant breeding must account for this adaptability. 

This is only genetic if you comprehend how genes are employed to build the questioned traits. South Asian plant breeding has produced 

sub-emergence-tolerant cultivars that can withstand waterlogging, high nocturnal temperatures, and drought stress, which all reduce rice 

output (Septiningsih et al., 2009). According to study, sub-emergence resistant rice has shorter internodes. Rice is a low-energy plant that 

can withstand 14 days of submersion and has sufficient reserves of glucose to sprout when the water level recedes. Ethylene is a 

phytohormone that maintains the equilibrium between gibberellic acid and abscisic acid, which are both lost during sub-emergence (Fukao 

& Bailey-Serres, 2008). Wheat cultivation has been impacted by drought and increasing temperatures. In contrast, plant breeding increases 

wheat's resistance to a range of heat stress situations (Gourdji et al., 2013). Breeding for rising temperature trends throughout the 

development cycle may be the key to increasing wheat yield potential in hot conditions, as shown by substantial genetic advantages at high 

temperatures. Consideration was given to the use of an infrared thermometer to detect canopy temperature reduction, membrane 

thermostability, chlorosis measured by a self-calibrating chlorophyll meter, and leaf conductivity in order to identify heat-tolerant wheat 

plants. Kernel weight loss may be used as a selection criterion to identify wheat breeding lines with increased production potential when 

exposed to extremely high temperatures (Sharma et al., 2008). The frequency, duration, and timing of climate, soil, and agricultural 

conditions all contribute to abiotic stress. Due to the fact that the genes underlying these two trait\s are distinct, breeding for abiotic stress 

adaptation does not necessarily increase resource use efficiency (Fritsche-Neto & DoVale, 2012). It is possible to select for both traits if the 
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respective processes do not interact. Inaccuracies in plant breeding project management may be the result of misunderstandings. A drought-

resistant characteristic, for instance, should be evaluated based on how much food it can produce, how well it can tolerate drought, and how 

efficiently it utilizes water in arid regions. The intensity and timing of stress avoidance, escape, and tolerance breeding are influenced by 

the stress in the target areas (Araus et al., 2002).  

8.3.1 Abiotic Stress Adaptation and Resource-use Efficiency 

When edible yield is prioritized over adaptive traits, which are frequently influenced by genotype-environment interactions, breeding for 

abiotic stress tolerance becomes problematic. These traits may originate from landraces or closely related wild species (Reynolds et al., 

2007). A plan for ideotype breeding should be developed using knowledge of the physiological systems involved and how genes affect these 

systems. Understanding how complex traits operate through genetic and genomic studies can help us comprehend how plants physiologically 

respond to abiotic stress. The investigation of metabolites, proteins, and transcripts in plant tissue will also aid in the identification of traits 

that can be utilized to develop stress-resistant crops (Zafar et al., 2020b; Zafar et al., 2021b; Zafar et al., 2021c; Zafar et al., 2022b). Plant 

physiology and gene, metabolite, and protein profiling can be used to measure the efficiency with which crops utilize resources such as 

nitrogen uptake, absorption, recycling, and seed accumulation. This is achievable with both high and low input crops. As a technique for 

analyzing input reactions, physiologically significant yield-determination functions were also created (Sylvester-Bradley and Kindred, 

2009). However, yield stability needs selection to be conducted under low input conditions as opposed to high input conditions (Cormier et 

al., 2013). 

 8.3.2 Precise and High Throughput Phenotyping  

Falhgren et al. define phenomics as "high-throughput phenotyping using non-destructive acquisition of traits from time-series measurements 

of individual plants developing under stress using robotic-assisted imaging equipment and computer vision-assisted analysis tools". The 

study of the evolution of phenotypes in plants is known as phenomics. This contributes to our comprehension of how genes function and 

the development of models that predict how plants will respond to their environment. For instance, plants with deep and bushy roots can 

improve soil structure, carbon, water, and nutrient retention, and crop yields. Low-cost and reproducible, high-throughput field phenotyping 

with pictures is a tool for studying localized root system traits in the wild (Bucksch et al., 2014). Similar to the method performed in the 

laboratory, this method increases statistical power. In greenhouses with plants on conveyor belts, statistical designs are utilized to account 

for the fact that plants can differ.  

 

8.4 DNA-markers for Trait Introgression and Omics-led Breeding  

It has an effect on quantitative genetics because genomic data facilitates the organization of genetic marker knowledge. Other omics, such 

as transcriptional and translational control or metabolic signaling pathways, offer other methods for transforming genetic data into biological 

activity (Keurentjes et al., 2008). As a result of this change, biological data-driven regulatory networks, encompassing the information flow 

from genes to functions, have been constructed. Population genomics seeks to identify the genes responsible for environmental traits by 

analyzing a vast number of genetic markers in individuals from all around the world (Stinchcombe and Hoekstra, 2008). Population 

genomics and quantitative genetics data are used to gain a better understanding of how genes contribute to adaptation to similar environments 

and how natural selection alters the genetic architecture of adaptive traits. Many crop breeding programs profit from genomic research 

because it makes breeding more precise and enables the assembly of various genomics from elite germplasm. Association genetics and 

transcriptome research can assist researchers in determining how genes and the environment interact, as well as what causes varied 

symptoms in different settings. The ability of plants to tolerate abiotic stress is also being studied in depth thanks to genomics (Roy et al., 

2011). As a result of these studies, it will be easier to cultivate crops that are more adaptable to climate change, while also generating more 

climate over time. 

8.5 Transgenic Breeding  

Plant breeding incorporates genetic engineering, which enables crops to adapt to climate change-related challenges including drought and 
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salinity (Zafar et al., 2020b; Ortiz et al., 2014). By maximizing the use of available resources, transgenic crops will also aid in combating 

climate change. Therefore, genetic engineering will almost probably facilitate the development of crop cultivars that are better equipped to 

respond to climate change. Jewell et al. (2010) offered instances of how transgenic breeding might enhance crop resilience to abiotic stress. 

Incorporating desirable genes into plant germplasm may be a more precise technique than cross-breeding. When proof of concept is obtained, 

plant genetic engineering begins with the discovery of target genes and progresses through a series of lab, greenhouse, and field research 

and testing stages (Ortiz, 2008). Transgenic cultivars are released after possible dangers to human health, food safety, the environment, and 

biodiversity have been evaluated. Scientists have identified plant stress sensing, signal transduction, and molecular networks for stress 

response in recent years. This permits the alteration of certain genes (both functional and regulatory) to change plant performance in response 

to water stress (Cominelli and Tonelli, 2010; Hu and Xiong, 2013). 
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