
 

 
AGRICULTURAL POWER JOURNAL (APJ) 

Vol. 01 No. 3 (2024) 14-24 | ISSN: 3062-8563 (Media Online) 

 

 

PUBLISHED BY : http://doi.org/10.70076/apj.v1i3.71 

                                 https://heijournal.id/index.php/apj 

Genomic and Agronomic Innovations for Enhancing Abiotic Stress 

Tolerance in Global Food Crops under Climate Change Scenarios 
 

Muhammad Rafi 1* 

1  Universitas Andalas; e-mail : muhammadrafi77@gmail.com 

 

ABSTRACT  Article Information 

Climate change poses a significant threat to global food security 

by increasing the frequency and intensity of abiotic stresses such 

as drought, salinity, and extreme temperatures on major food 

crops. This study aimed to evaluate and integrate genomic and 

agronomic innovations to enhance abiotic stress tolerance in key 

global crops. A combination of laboratory and field experiments 

was conducted using diverse crop varieties, including wild 

relatives and genetically modified lines, under controlled abiotic 

stress conditions. Advanced phenotyping, next-generation 

sequencing, and CRISPR-Cas9 gene editing were employed to 

identify and validate candidate genes associated with stress 

tolerance. The results demonstrated that wild-derived and 

genome-edited varieties exhibited superior physiological 

performance and yield stability under stress compared to 

conventional cultivars. Key genes such as DREB2, AREB1, and 

AVP1 were identified as crucial regulators of stress response. 

Integrating adaptive agronomic practices with genomic 

innovations resulted in synergistic improvements, increasing 

yield by up to 25% under stress. These findings underscore the 

importance of a multidisciplinary approach for developing 

resilient crop varieties and sustaining food production under 

climate change. However, further research is needed to assess 

long-term ecological impacts and ensure broad adoption of these 

technologies. 
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1. Introduction 

Global food security is seriously threatened by the increasingly obvious effects of 

climate change, especially the rising frequency and severity of abiotic stress on 

important food crops. Crop yields can be drastically decreased by abiotic stressors 

such drought, salt, high temperatures, and waterlogging, which can interfere with 

plant growth, development, and metabolism.  In order to enhance crop tolerance to 

abiotic stress a key emphasis in attempts to sustain global food security in the face of 

unpredictable climate change this situation necessitates innovation in the domains of 

genetics and agronomy [1]. 

According to earlier studies, domesticating crops frequently leads to the loss of 

genes that let them withstand abiotic stress, which makes contemporary crops more 

susceptible to environmental extremes. Therefore, two primary methods being 

examined to increase agricultural resilience are de novo domestication of previously 

stress-tolerant wild crops and rewilding efforts, which include transferring tolerance 

genes from crops wild progenitors to contemporary high-yielding cultivars.  

Nonetheless, there is ongoing discussion on the effectiveness of both of these 

approaches, particularly in relation to technical issues like genome mapping, cell-

based phenotyping, and the regulation and public perception of genetic engineering 

technologies [2,3]. 

Given this, contemporary omics techniques such as transcriptomics, proteomics, 

and genomics provide excellent chances to comprehend the genetic processes 

underlying plant reactions to abiotic stress.  In order to increase plant resistance to a 

variety of environmental challenges, including drought, salt, and high temperatures, 

these technologies allow for the discovery of candidate genes, the investigation of 

gene-trait relationships, and more focused genetic alteration.  However, there are still 

difficulties in connecting genetic information to dynamic and complicated stress 

phenotypes, which calls for combining genomic advancements with adaptive 

agronomic techniques [4,5]. 

The question of whether it is more successful to domesticate wild plants that are 

already stress-tolerant or to introduce genes from wild plants into better cultivars to 

increase resistance to abiotic stress is still up for dispute.  Each strategy has pros and 

cons of its own, as well as distinct ramifications for agricultural sustainability and 
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production in the future. Furthermore, societal acceptance and regulatory 

considerations surrounding genetic engineering technologies are significant 

determinants of the technique's broad adoption. 

Exploring and integrating genetic and agronomic technologies to enhance abiotic 

stress tolerance in global food crops under climate change scenarios is the primary 

goal of this work.  The goal of this research is to present a thorough analysis of the 

methods, obstacles, and opportunities currently being used to create stress-tolerant 

crops that can promote long-term food security.  The primary conclusion anticipated 

is that the key to mitigating the effects of climate change on the production of food 

crops worldwide is the combination of sophisticated genetic techniques and 

adaptable agronomic methods [6,7]. 

In light of the necessity to preserve food crop yield in the face of more intricate 

and dynamic climate change concerns, this study therefore situates itself in a very 

pertinent and urgent context. Building this study framework heavily relies on 

references from credible literature that looks at features of domestication, genetics, 

and plant adaptability to abiotic stress [8]. 

 

2. Materials and Method 

This study's materials and methods section aims to give a thorough and organized 

explanation so that other researchers working in the fields of agronomy and 

genomics of abiotic stress-resistant food crops can duplicate and advance it.  This 

work combines thorough bioinformatics analysis with laboratory and field 

experimental methods. 

 

2.1. Materials 

    Global crop varieties that are the subject of the study, such as rice, maize, wheat, 

and tomato, are among the primary materials employed. These varieties were chosen 

for their agronomic significance and genetic resource availability. These cultivars 

include both natural forebears that are known to be resilient to abiotic conditions 

including drought, salt, and harsh temperatures, as well as contemporary high-

yielding crops. Additionally, the impact of gene change on stress tolerance was tested 

using genomically modified genetic material [9,10]. 
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Depending on the requirements of the experiment, several growth medium are 

employed, such as hydroponic media, field soil, or tissue culture systems for 

phenotypic testing in controlled settings.  Tissue culture and hydroponic methods 

provide exact simulation of stress situations by tightly controlling environmental 

factors including temperature, humidity, and water availability. 

 

2.2. Method 

2.2.1. Management of Abiotic Stress 

Preliminary research and standard literature will be utilized to establish the 

degree and duration of the various abiotic stress treatments that the plants would 

undergo, such as drought, salt, and high temperatures.  For instance, when plants 

are under drought stress, their water supply is gradually reduced until they reach 

a point where they trigger a physiological reaction without dying instantly.  The 

planting media will be treated with a salt solution at a certain concentration to 

alleviate salinity stress.  In the meanwhile, a growing room with temperature 

settings based on established methods will be used to control excessive 

temperatures [11]. 

 

2.2.2. Phenotypic Assessment and Information Gathering 

Multidimensional phenotypic measurements were performed, including 

agronomic factors like biomass, yield, and product quality as well as 

physiological data like photosynthetic rate, leaf temperature, and water 

consumption.  The measuring technique made use of contemporary tools that can 

precisely and in real time capture data, including gas exchange analyzers, 

thermal cameras, and automatic phenotyping systems [12]. In order to find 

genotypes that demonstrated consistent and noteworthy stress resistance, these 

phenotypic data were further examined using multivariate statistical techniques, 

such as principal component analysis (PCA) and clustering. 

 

2.2.3. Analysis of Genomic and Bioinformatics Data 

Next-Generation Sequencing (NGS) technology was used to conduct genomic 

research and find genetic variations related to abiotic stress tolerance.  
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Bioinformatics software was used to evaluate the sequencing data in order to 

map the genome, annotate genes, and identify potential genes linked to stress 

responses.  Furthermore, RNA-Seq was used to analyze gene expression in order 

to comprehend genomic regulation during stress. 

 

2.2.4. Validation and Genetic Modification 

The CRISPR-Cas9 approach or other genetic transformation technologies are 

used in genetic engineering to investigate the function of candidate genes. The 

same procedure used for non-modified plants is used to examine the modified 

plants' ability to withstand abiotic stress.  To be sure that the genetic alterations 

significantly contribute to improved tolerance, phenotypic validation is carried 

out. 

 

3. Result 

The primary findings of a research combining agronomic and genetic advances to 

increase abiotic stress tolerance in global food crops are presented in this results 

section. Phenotypic analysis, genome sequencing, genetic modification, and field 

experiments that were methodically carried out in accordance with the previously 

mentioned procedures were the sources of the data. 

 

3.1 Abiotic Stress Phenotypic Reaction 

 Significant differences in tolerance were found across types when key food crops 

like rice, maize, and wheat were subjected to stress treatments including salt, 

drought, and high temperatures. When compared to contemporary, unaltered, 

enhanced varieties, wild ancestor-derived varieties demonstrated the capacity to 

sustain greater photosynthetic rates and reduced biomass losses (Figure 1). For 

instance, modified rice cultivars only maintained 45% of the photosynthetic rate 

under a 14-day drought treatment, but wild rice varieties maintained 75% (p <.01, 

t(18) = 3.52, Cohen’s d = 1.56). 

The biomass and yield statistics for many cultivars under various stress situations 

are compiled in Table 1.  Under high salinity circumstances, CRISPR-Cas9-modified 

varieties exhibited a 15% greater yield and an average 20% increase in biomass when 
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compared to non-modified control varieties (F(1,34) = 7.89, p =.008, partial eta 

squared =.19). 

Table 1. Average Biomass and Yield of Food Crops under  

Abiotic Stress Treatments. 

Varieties Stress Condition Stress Condition Yield (g/plant) 

Wild Rice Drought 12.3 ± 0.8 8.7 ± 0.5 

Improved Rice  Drought 7.1 ± 0.6 5.2 ± 0.4 

CRISPR Modified 

Rice 

Drought 9.5 ± 0.7 6.8 ± 0.3 

Wild Corn Salinity Salinity 14.0 ± 1.0 10.2 ± 0.6 

Improved Corn 

Control 

Salinity 11.1 ± 0.9 8.9 ± 0.5 

CRISPR Modified 

Corn 

Salinity 13.3 ± 0.8 10.1 ± 0.4 

 

3.2. Identification of Candidate Genes and Genomic Analysis 

Numerous genomic variations that markedly varied between abiotic stress-

resistant and susceptible types were identified by NGS sequencing analysis.  It was 

discovered that resistant cultivars had higher levels of genes related to osmotic 

control, stomatal regulation, and antioxidant metabolism (Figure 1a).  In plants 

exposed to drought and salt stress, RNA-Seq analysis verified elevated expression of 

genes such DREB2, AREB1, and AVP1 (Figure 1b). 

Figure 1. Identification of Candidate Genes and Genomic Analysis 
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3.3 CRISPR-Cas9 Genetic Modification's Effectiveness 

 Increased resistance to drought and salt was demonstrated by genetically 

engineered plants that used CRISPR-Cas9 to target the wheat TaERF3 and TaDREB2 

genes. Over the course of two growing seasons, field tests revealed that transformed 

plants significantly reduced leaf tissue damage and maintained more consistent 

yields than controls (p <.01, t(20) = 4.12, Cohen's d = 1.84). Furthermore, the water 

consumption to biomass ratio of transformed plants was 18% lower than that of non-

modified plants, indicating improved water usage efficiency. 

 

3.4 Combining Genomic and Agronomic Advancements 

 Synergies that improved plant resilience to abiotic stress were found when 

agronomic improvements like crop-based fertilization and controlled irrigation were 

tested with genetically modified types.  When compared to single treatments without 

agronomic innovations, the data revealed a yield increase of up to 25% (F(2, 30) = 

9.45, p =.001, partial eta squared =.39). 

 

3.5 Synopsis of the Experimental Results 

• Abiotic stress tolerance is higher in food crop varieties with wild origins than 

in conventional superior types. 

• The process of stress tolerance is significantly influenced by the identification 

and activation of critical genes, including DREB2, AREB1, and AVP1. 

• CRISPR-Cas9 genetic alteration greatly boosts plant resilience to salt and 

drought while enhancing water usage efficiency. 

• Food crop yield and abiotic stress tolerance are increased more effectively 

when genetic innovation and adaptive agronomic techniques are combined. 

These findings demonstrate that a combination of agronomic innovation and 

contemporary genomic technology is a successful method to tackling the problems 

posed by climate change in the production of food crops worldwide. 

 

4. Discussion 

The study's findings significantly advance our knowledge of and ability to create 

novel approaches for enhancing abiotic stress tolerance in food crops throughout the 
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world, particularly in light of the growing complexity of climate change issues.  The 

idea that combining genomics and agronomy is a sustainable and successful strategy 

is supported by important discoveries showing the superiority of wild varieties and 

genetically modified crops in preserving physiological processes and productivity 

under abiotic stress.  

 

4.1. Analysis of the Results in Light of Earlier Research 

 The phenotypic evidence demonstrating that wild types are more resilient to salt 

and drought is consistent with other findings that affirm that plant domestication 

frequently diminishes genetic variation that contributes to environmental stress 

adaption. This highlights how crucial it is to increase crop resilience by using wild 

genetic resources through rewilding or de novo domestication techniques.  Major 

abiotic stressors like drought and Al toxicity are important barriers to agricultural 

output, hence variety development that targets these stresses is essential, according 

to Abdul Karim Makarim's 2020 research [13]. 

In line with the literature that identifies these genes as important targets in the 

breeding and genetic engineering of stress-tolerant plants, genomic analysis has 

identified important genes including DREB2, AREB1, and AVP1 as important 

regulators of abiotic stress responses.  These genes' elevated expression in resistant 

cultivars implies that the molecular processes they trigger are a component of a plant 

defense mechanism that has developed to withstand harsh environmental 

circumstances. 

Results from recent research that highlight the relevance of precision genomic 

technology in speeding the production of superior cultivars are further supported by 

the efficacy of genetic modification utilizing CRISPR-Cas9 in enhancing stress 

tolerance and water usage efficiency.  It should be highlighted, therefore, that the use 

of this technology necessitates rigorous regulation, social acceptability, and a careful 

assessment of its agronomic and ecological effects. 

 

4.2. Consequences for Sustainable Agriculture and Food Security 

The combination of agronomic and genetic breakthroughs, which led to a 25% 

increase in crop yields under stress, demonstrates the need of a multidisciplinary 
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approach in tackling climate change's concerns. This is consistent with the idea of 

sustainable agriculture, which places an emphasis on improved output without 

endangering the ecosystem, resource efficiency, and adaptation to changing 

environmental conditions. 

 The findings of this study also offer a scientific foundation for the creation of crop 

varieties that are more water-efficient and stress-resistant, which is crucial given the 

anticipated decline in air supply brought on by climate change and competition from 

other industries. As a result, this invention can directly enhance global food security 

while reducing negative environmental effects. 

 

4.3. Controversy and Challenges 

Rewilding and de novo domestication techniques have a lot of promise, however 

their efficacy and related hazards are questioned. While some experts stress the 

necessity of genetic variation for long-term viability, others contend that the insertion 

of a knockout gene might result in decreased production or the rise of unwanted 

characteristics. Furthermore, many nations continue to encounter legislative 

obstacles to the use of CRISPR-Cas9 technology, as well as worries about 

environmental and food safety issues. 

 

4.4. Prospects for Further Research 

  To fully comprehend the intricate regulatory networks of abiotic stress responses, 

further study must concentrate on the integration of multi-omics data (genomics, 

transcriptomics, proteomics, and metabolomics). More advanced automated 

phenotyping systems must be developed in order to pick superior types more quickly 

and accurately. 

  Furthermore, testing the durability and adaptability of genetically modified 

cultivars would need extensive field research under a range of agroecosystem 

circumstances. For technology adoption to be efficient and long-lasting, participatory 

methods engaging farmers as end users should also be reinforced.  
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5. Conclusions 

All This study effectively illustrated how abiotic stress tolerance in global food 

crops under climate change scenarios may be greatly increased by the combination 

of genetic and agronomic technologies. Compared to conventional high-yielding 

varieties, crop types descended from wild ancestors are better able to respond to 

challenges like drought, salt, and harsh temperatures. The discovery of important 

genes involved in stress tolerance pathways, including as DREB2, AREB1, and AVP1, 

offers a solid molecular foundation for the genetic engineering of stress-tolerant 

cultivars. It has been demonstrated that CRISPR-Cas9 genetic editing greatly 

increases plant resilience and water usage efficiency.  Furthermore, the utilization of 

genomic technologies in conjunction with adaptive agronomic improvements 

improves crop yield and production stability under stressful situations.  

The coverage of examined types is still restricted to a few main food crops, and the 

laboratory and field simulations of stress conditions are only available on a limited 

scale. These are just two of the study's limitations. Furthermore, long-term factors 

like the ecological and societal effects of using genetic modification technologies have 

not been thoroughly assessed. Consequently, it is important to use caution when 

interpreting the findings of this study and refrain from making broad generalizations 

without more research. 

 By offering empirical support for a multidisciplinary strategy to address the 

problems of abiotic stress in food crops and creating avenues for the creation of 

better, more sustainable, and adaptive cultivars in the face of climate change, this 

study contributes to scientific understanding. 
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