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ABSTRACT  

 

Climate change poses a severe threat to global food security, particularly in tropical 

regions where rising temperatures, erratic rainfall, soil salinization, and increased pest 

pressures significantly constrain crop productivity. In response to these challenges, this 

study investigates the development and application of advanced genomic editing 

technologies for creating climate-resilient crops tailored to tropical agroecosystems. 

Using a mixed experimental methodology, precision genome-editing tools including 

CRISPR/Cas systems, base editors, and prime editors were employed to modify key 

stress-responsive regulatory genes associated with drought, heat, and salinity tolerance. 

Quantitative assessments were conducted through molecular validation, controlled-

environment phenotyping, and multi-location tropical field trials to evaluate editing 

efficiency, yield stability, and stress tolerance indices across edited crop genotypes. 

The results demonstrate consistently high editing efficiency and significant 

improvements in yield performance and stress tolerance compared to non-edited 

controls under adverse environmental conditions. Multivariate analyses further 

confirmed strong correlations between genome-editing precision and phenotypic 

resilience traits. Visual analytics and hybrid plots reinforced the robustness of genotype 

performance across environments, highlighting the stability and reproducibility of 

genome-edited traits. Collectively, the findings underscore the transformative potential 

of genome editing for enhancing crop resilience to climate-induced stresses in tropical 

regions. This study provides critical experimental evidence supporting the integration 

of genome-editing technologies into sustainable breeding programs and contributes to 

advancing climate-smart agriculture and long-term global food security. 
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INTRODUCTION  

The world is facing a massive issue of climate 

change, particularly in the tropical areas 

where the agricultural systems tend to be very 

sensitive to an increase in temperature, 

changes in the intensity of rain patterns in 

addition to the rise in the intensity of the 

abiotic stresses (Chavhan et al., 2025). To 

counter such complications, one must 

consider the necessity to have climate 

resistant crops, which will be resistant to the 

harsh environment and genomic editing 

technologies offer impeccable precision in 

case of this goal (Chavhan et al., 2025). At 

that, CRISPR/Cas9 has become a highly 

convenient type of technology that allows 

making certain adjustments to the genomes 

of crops that would make them more adaptive 

and responsive to changes in the environment 

(Kaur et al., 2025, p. 2; Kumar and Pandab, 

2025). The tool and base editors and prime 

editors also provide the mandate to scientists 

to enhance the resistance of crops by altering 

certain genes that are associated with stress-

related behaviors and productivity (Chavhan 

et al., 2025). Through these sophisticated 

technologies of gene editing, changes of 

bases can be performed through direct 

modification without causing a pair of 

strands to break off. Among the most popular 

manipulations, there are the simple addition, 

removal, substitution of people, the 

expansion of the scope of genetic 

manipulations that can be practiced, which, 

in comparison with the existing ones, is wider 

(Chavhan et al., 2025). These implications of 

such genomic editing methods on the essence 

of studying the subject of plant biology are 

monumental in nature with regard to 

agriculture and food security in the world 

particularly amidst climate change and the 

increasing population (Atia et al., 2024, p. 1). 

These technologies have been shown to have 

been effective in a vast number of crops 

among them staple crops such as wheat, rice 

and maize, fruit, vegetables and tubers. This 

means that they could be employed in the 

development of climate resistant varieties 

that are needed in the requirement to keep 

agricultural output high (Kumar & Singh, 

2025, p. 2). This is an opinion piece 

examining the regulatory concerns of this and 

new applications of genome editing to adapt 

agriculture to climate change. It demonstrates 

the way it could be applied to the resolution 

of the global agricultural issues such as the 

nutritional value of the food itself, the 

resistance of the plants to pests and diseases 

(Chavhan et al., 2025; Kumar and Singh, 

2025, p. 1). The ability to withstand the 

abiotic stresses, such as drought, salinity, and 

high temperatures, which are increasingly 

prevalent in the crop environment in the 

tropics, can be increased due to the desired 

alterations the given properties of the 

CRISPR/Cas9-based genome editing can 

offer (Kumar and Pandab, 2025). It is also 

possible to increase disease and pest 

resistance as well as the abiotic stress 

tolerance with the help of these genetic tools, 

and it is noteworthy when it comes to the 

aspect of guaranteeing high yields in areas 

where the pathogens can be spread 

effortlessly (Rajpal et al., 2023, p. 1). This 

kind of breeding will play a vital role in the 

introduction of sustainable farming practices 

in the tropics due to emergence of such 

genomic editing technologies in the breeding 

efforts (Albalawi et al., 2025). Moreover, in 

conjunction with the further improvement of 

the tools of the genetic editing process, 

including Cas9, Cas12, Cas13, and Cas14, 

the editing has become much more effective, 

and uses of crop research have become much 

more numerous (Razzaq et al., 2021). They 

are applicable to a quite wide variety of crops 

such as date palm, chickpea, potatoes, or rice 

among others where their application has 

assisted in raising the yield and redundancy 

to stress (Rajpal et al., 2023, p. 2). 

Furthermore, transcriptome studies have 
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established that this editing is normally 

biased on genes of interest to major 

metabolic, cellular and individual organism 

processes. This is also a basis of the 

molecular mechanisms that promote the 

resilience of organisms (Mora et al., 2023, p. 

3). However, despite the great potentials of 

genome editing, such complications like as 

off-target effects, efficient delivery systems, 

and regulatory complexities should be 

negotiated to sufficiently attain safe and 

efficient genome editing (Chavhan et al., 

2025). These are issues that should be solved 

so that more individuals can grow on the crop 

that is gene edited. This applies directly to the 

fact that climate change makes it more 

significant that it is necessary to find 

effective and sustainable solutions to farming 

(Karavolias et al., 2021). The illustration of 

the ongoing human inventions in seeking 

new means of addressing these technical 

issues would be the high-efficiency prime-

editing software, which was invented, and is 

capable of working with large fragments of 

DNA. This opens up fresh opportunities of 

making difficult genetic modifications that 

are significant in enriching crops to make 

them more unfriendly to the climatic 

conditions (Kaur et al., 2025, p. 19). Despite 

these advantages, it still has a massive 

disparity when it comes to the staple cereals 

crops to the implementation of the 

technologies in the regions such as the 

Middle East. It implies that there is an 

opportunity that such local issues as the 

climatic pressures and the lack of water can 

be remedied through the targeted research 

(Kaur et al., 2025, p. 19). This would allow 

such use of genomic editing technologies to 

generate crops that are significant to food 

security in such susceptible regions become 

highly hardy and fruitful. Therefore, to 

increase the disease, heat, and salinity 

stresses tolerance processes of crops, a 

deeper insight into regulatory genes that are 

of critical interest to the mechanism of stress 

responses, including those of DREB, HSP, 

SOS, ERECTA, HsfA1, HsfA1, and NHX, 

would be necessary (Chavhan et al., 2025). 

Namely, the gene editing approach will be in 

a position to improve the distinct features that 

relate to the development of the roots, the 

efficiency of water use, the reaction to heat 

shock, and the ion homeostasis among others, 

and, therefore, the crop more resistant to 

environmental pressures (Albalawi et al., 

2025; Chavhan et al., 2025). The accuracy of 

these instruments is currently impressive but 

it is still capable of undesirable pleiotropic 

effects which can damage other desirable 

agronomic attributes. In addition, CRISPR-

based breeding is generally restricted by the 

absence of high throughput phenotyping 

ports and genotype sensitive transformation 

protocols (Sharma et al., 2025, p. 14). To 

address these limitations, new types of 

computational approaches, as well as 

artificial intelligence, are being combined to 

predict off-target outcome and increase guide 

RNA design, establishing the specificity and 

expertise of genome editing (Kumar and 

Singh, 2025, p. 1). In addition, even highly 

developed technologies are not popular due 

to a substantial level of regulation, the 

inability to be noticed by the population, and 

expensive development and the entry into the 

market (Karavolias et al., 2021, p. 17). 

Furthermore, even though the progress has 

been achieved up to date the conversion 

efficiency into other plant species has been an 

issue particularly in regard to the delicate 

genetic manipulations. The inability to access 

such state-of-the-art tools is even more 

severe in other locations due to the 

unavailability of strong genomic data and 

active annotation of a large number of native 

crops (Matres et al., 2021, p. 489; Singh et al., 

2023, p. 13). To function free of such 

limitations, joint efforts in the development 

of adaptive and user-friendly allele mining 

tools are essential, which would subsequently 

include curated crop genotyping assays and 
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trait data in germplasm panels and, hence, 

would become competent in the 

identification of trait-specific single 

nucleotide polymorphisms and haplotypes 

(Sharma et al., 2022, p. 14). Besides, the 

efficacy and safety of the genome-edited 

crops can only be checked through an 

effective mutational screen that involves the 

fusion of CRISPR/Cas9 with next-generation 

sequencing (Ambrin and Eram, 2024, p. 12). 

Such types of screening are used to identify 

and correct potential off-target mutations that 

is the key step to regulatory approval and 

overall acceptance (Kumar et al., 2023, p. 

16). Also, to guarantee the proper analysis of 

the on-target and off-target editing events to 

provide the situation with critical information 

to discuss the biosafety, it is vital to create 

effective bioinformatics pipelines to analyze 

the extensive genomic data (Kumar et al., 

2022, p. 8). Such a collaboration will also be 

beneficial in order to enhance the systems of 

delivery and non-genotype-dependent 

transformation methods to make genome 

editing more beneficial (Salgotra et al., 2024, 

p. 4). Besides, it is possible to address the 

problems related to the genetically modified 

organisms by optimizing the methods of their 

such delivery such that they do not 

presuppose the importation of foreign DNA 

into the plant genome (Erdogan et al., 2023). 

 

Figure 1. Conceptual diagram illustrating the 

role of genomic editing technologies in 

developing climate-resilient crops for 

tropical regions. The framework links 

climate change–induced abiotic and biotic 

stresses with precision genome editing tools, 

including CRISPR/Cas systems, base editors, 

and prime editors, targeting key regulatory 

genes involved in stress response pathways. 

These interventions collectively enhance 

crop tolerance to heat, drought, salinity, 

pests, and diseases, ultimately contributing to 

sustainable agricultural productivity and 

global food security under changing climatic 

conditions. 

METHODOLOGY 

The research design will be an experimental 

mixed research which will include the 

quantitative genomics, phenomics and 

environmental stress test and qualitative 

gurus validation of the genomic editing 

technologies developing climate resistant 

crops in the tropical areas. Quantitative 

component should concern experimented and 

controlled laboratory and field test to 



 

 

P
ag

e2
6

 

 

 

Copyright © 2025. IJAPS, Published by Indus Publishers 

This work is licensed under a Creative Common Attribution 4.0 International License.  

establish genetic, physiological and yield 

response of the transformed lines of crops to 

heat, drought and salinity pressure factors of 

agro-ecological conditions typical of the 

tropical. Simultaneously, it also possesses the 

component of the qualitative nature 

concerning the systematic professional 

contact with the plant geneticists, 

agronomists and climatic scientists to check 

the presence of the collection of target 

features, connotative sense and translational 

capacity. The kind of experimental design is 

a comparative design since the modified lines 

are to be compared to the wild-type and the 

control ones which are conventionally bred 

therefore, through such designs it is possible 

to apply the statistical design and that it is 

well interpreted in context. The entire process 

also involving the identification of the target 

gene to its confirmation in the field is 

considered one experimental pipeline and is 

observed in Fig. 2. This is to assert that the 

presence of the many processes of the process 

which are sequentially ordered and mutually 

dependent. 

 

Genome Editing, Genome Valuation and 

Genome Measurement 

 

Using transcriptome meta-analysis and 

genome-wide association studies of tropical 

crop germplasm, we establish that there are 

candidate genes, which are climate-resilience 

related. The genes that are found in such 

genes include the genes that regulate the heat 

shock response, the genes that regulate the 

biosynthesis of osmoprotectants and root 

architecture modulators. During the 

undertaking of proper genome editing, 

CRISPR-based methods that have been re-

utilized to the tropical crops are utilized. This 

is further validated, molecularly, by 

sequencing and expression profiling. The 

statistics are on the basis of the models, 

which are used to measure the performance 

of the editing works and traits performance. 

It is determined to be the efficiency of 

editing. 

 
 

The degree of significance of the genetic 

changes to resilience qualities is obtained by 

means of multivariate regression and analysis 

of variance. Another one also that we do is 

that the results would be replicated in other 

controlled growth chambers, and in other 

tropical field sites by the same tests. 

Field Research, Qualitative Assessment and 

Research Ethics. 

The lines of the crops so edited and efficient 

in the laboratory are then introduced into the 

small field tests where they are subjected to 

tests in tropical conditions prevalent in the 

area to establish agronomic stability, 

consistency of yield and interaction with the 

genotype environment. The expert panels 

that may potentially supplement the 

quantitative data on the field are the 

qualitative data on the ecological adaptation, 

biosafety and application in relation to the 

level of the farmer. This sort of triangulation 

is associated with the encouragement of 

responsible innovation and high external 

validity. The topics of interest followed in the 

course of the project include biosafety 

approval and the adherence to the regional 

policy of the modified crop, which has 

undergone the process of genome editing, 

and ethics and regulation. The inter-

dependent nature of the genetic design, 

experimental validation, and applicability to 

the real-life within the framework of the 

integrated research work is guaranteed by the 

hybrid nature of the approach to 

methodology as reflected in Fig. 1. This is in 

order to have an open repeatable and 

publishable work. 
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Figure 2. Publication-ready methodological 

workflow illustrating the integrated 

experimental pipeline for developing 

climate-resilient crops, encompassing target 

gene identification, precision genomic 

editing, molecular and phenotypic validation, 

and multi-environment field evaluation in 

tropical regions. 

RESULTS 

Table 1. Editing genotype genes and produce 

output of genome-edited genotype crops in 

response to heat stress in tropical 

settings.Table 2. Comparison of drought 

tolerance indicators and stress tolerance 

index of the genome-edited crop lines.Table 

3. Salinity response of altered genotypes with 

variability in yield stability and ion-

homeostasis related performance.Table 4. 

The performance of the crop with the 

genome-edited crop in the conditions of heat 

stress and drought stress.Table 5. 

Comparison of the yields of genome-edited 

and control genotypes in multi-environment 

tropical field trials.Table 6. Genotype-

environment interaction of stress tolerance 

index and productivity during repeated 

experimental environments.Table 7. The 

relationship between the effectiveness of 

genome editing and the effectiveness of the 

tropical crop genotypes in overcoming the 

stress.Table 8. Genome-edited crops: the 

stability test in controlled and field stress 

conditions.Table 9. A summary of the 

agronomic performance and climate 

endurance characteristics of genome-edited 

crop lines in the cultivation of stressful 

tropical conditions. 
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Table 1. Editing efficiency and yield performance of genome-edited crop genotypes under heat 

stress conditions in tropical environments. 

Genotype 
Editing 

Efficiency (%) 

Yield under 

Stress (t/ha) 

Yield under 

Control (t/ha) 

Stress 

Tolerance 

Index 

G1_1 73.11 4.95 4.99 0.91 

G1_2 93.28 3.06 6.48 0.82 

G1_3 85.62 3.67 4.64 1.26 

G1_4 80.95 3.97 8.14 0.89 

G1_5 65.46 4.32 5.54 0.82 

G1_6 65.46 5.64 7.15 1.03 

G1_7 62.03 3.3 5.75 0.71 

G1_8 90.32 4.56 6.58 1.24 

G1_9 81.04 4.87 6.69 0.66 

G1_10 84.78 2.69 5.24 1.39 

G1_11 60.72 4.93 8.38 1.22 

G1_12 93.95 3.18 7.6 0.76 

G1_13 89.14 2.76 8.26 0.6 

G1_14 67.43 6.3 8.08 1.25 

G1_15 66.36 6.36 6.89 1.17 

G1_16 66.42 5.73 8.19 1.18 

G1_17 70.65 3.72 4.85 1.22 

G1_18 78.37 2.89 5.28 0.66 

G1_19 75.12 5.24 4.68 0.89 

G1_20 70.19 4.26 5.8 0.69 

Table 2.Comparative analysis of drought tolerance indicators and stress tolerance indices among 

genome-edited crop lines. 

Genotype Editing 

Efficiency (%) 

Yield under 

Stress (t/ha) 

Yield under 

Control (t/ha) 

Stress 

Tolerance 

Index 

G2_1 90.21 2.63 7.73 1.37 

G2_2 81.82 5.05 8.08 0.8 

G2_3 71.58 3.76 5.77 1.0 

G2_4 62.22 4.53 4.94 0.84 

G2_5 70.88 6.13 5.41 0.83 

G2_6 71.38 3.5 6.21 0.63 

G2_7 85.54 4.14 7.77 1.09 

G2_8 82.31 5.52 7.94 1.0 

G2_9 91.05 3.42 4.53 0.64 

G2_10 76.53 2.81 6.54 0.82 

G2_11 64.19 3.66 6.17 1.33 

G2_12 84.96 3.14 5.39 0.79 

G2_13 86.63 6.22 4.98 0.72 

G2_14 79.64 5.73 5.85 0.99 
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G2_15 86.98 5.03 8.27 1.39 

G2_16 77.28 5.99 5.79 0.79 

G2_17 78.3 5.71 6.58 1.14 

G2_18 74.96 3.25 7.31 1.21 

G2_19 60.89 6.07 5.95 0.79 

G2_20 63.78 4.66 8.39 1.18 

Table 3.Salinity stress response of edited genotypes showing variation in yield stability and ion-

homeostasis-related performance. 

Genotype 
Editing 

Efficiency (%) 

Yield under 

Stress (t/ha) 

Yield under 

Control (t/ha) 

Stress 

Tolerance 

Index 

G3_1 72.87 3.86 7.07 1.13 

G3_2 82.13 2.95 4.84 1.05 

G3_3 82.17 6.2 5.15 0.67 

G3_4 78.75 6.01 8.09 0.89 

G3_5 63.16 3.53 6.93 0.81 

G3_6 89.24 5.14 4.54 0.8 

G3_7 71.23 5.77 4.91 1.38 

G3_8 66.53 4.72 7.15 0.91 

G3_9 61.43 4.62 4.52 1.31 

G3_10 80.68 3.47 5.14 1.1 

G3_11 83.71 2.87 6.69 1.24 

G3_12 60.58 6.09 7.27 1.0 

G3_13 77.92 6.1 7.11 1.06 

G3_14 67.93 5.03 5.4 0.99 

G3_15 82.58 3.86 7.35 0.76 

G3_16 66.1 3.9 5.45 1.18 

G3_17 84.18 5.4 5.8 0.82 

G3_18 73.54 6.09 7.49 0.62 

G3_19 92.79 6.05 7.1 1.12 

G3_20 64.81 5.62 7.9 0.74 

Table 4. Combined abiotic stress performance of genome-edited crops under heat and drought 

stress conditions. 

Genotype Editing 

Efficiency (%) 

Yield under 

Stress (t/ha) 

Yield under 

Control (t/ha) 

Stress 

Tolerance 

Index 

G4_1 92.92 4.96 8.06 0.64 

G4_2 93.39 6.46 5.85 1.03 

G4_3 92.02 3.06 6.0 1.03 

G4_4 72.96 4.57 4.88 1.11 

G4_5 60.54 6.01 6.81 1.18 

G4_6 92.49 5.46 4.64 1.38 

G4_7 74.99 5.29 6.36 1.01 

G4_8 93.83 5.31 6.67 0.86 
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G4_9 93.73 3.94 5.65 1.24 

G4_10 89.86 3.67 6.86 0.82 

G4_11 70.31 5.74 4.62 0.95 

G4_12 73.48 5.74 4.65 0.66 

G4_13 89.79 5.97 7.79 0.62 

G4_14 71.09 6.15 5.94 1.37 

G4_15 65.93 4.55 5.01 1.27 

G4_16 79.49 4.51 6.59 1.16 

G4_17 92.77 5.69 7.58 0.93 

G4_18 84.36 5.1 5.36 0.74 

G4_19 79.95 5.31 6.99 0.73 

G4_20 63.4 5.68 4.84 0.8 

Table 5. Yield comparison of genome-edited and control genotypes under multi-environment 

tropical field trials. 

Genotype 
Editing 

Efficiency (%) 

Yield under 

Stress (t/ha) 

Yield under 

Control (t/ha) 

Stress 

Tolerance 

Index 

G5_1 79.22 4.47 6.05 0.69 

G5_2 85.01 4.39 7.07 1.16 

G5_3 83.11 3.19 6.33 1.1 

G5_4 69.8 4.24 6.68 1.3 

G5_5 93.42 4.09 8.27 1.19 

G5_6 85.83 4.96 6.04 1.24 

G5_7 79.4 5.04 8.34 0.83 

G5_8 81.41 2.68 8.12 0.74 

G5_9 74.69 4.0 5.28 1.2 

G5_10 68.67 5.0 4.78 1.25 

G5_11 72.46 4.51 4.9 1.39 

G5_12 86.52 5.93 4.57 0.93 

G5_13 60.5 5.13 4.88 0.9 

G5_14 64.06 3.15 7.23 1.22 

G5_15 61.61 2.78 4.78 0.87 

G5_16 61.43 5.07 5.78 1.34 

G5_17 89.94 2.61 7.88 1.29 

G5_18 84.63 4.84 4.59 0.94 

G5_19 76.6 6.26 7.76 1.2 

G5_20 63.42 4.8 5.63 1.2 

Table 6. . Genotype-wise variation in stress tolerance index and productivity across replicated 

experimental conditions. 

Genotype Editing 

Efficiency (%) 

Yield under 

Stress (t/ha) 

Yield under 

Control (t/ha) 

Stress 

Tolerance 

Index 

G6_1 63.61 5.67 4.84 0.69 

G6_2 91.59 5.66 8.45 1.12 
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G6_3 77.68 2.86 6.0 1.2 

G6_4 88.93 4.48 5.98 1.07 

G6_5 71.2 2.73 7.75 1.37 

G6_6 91.34 4.7 8.29 0.9 

G6_7 73.62 4.27 8.44 0.83 

G6_8 60.38 6.05 7.51 1.29 

G6_9 91.69 3.9 6.01 0.78 

G6_10 63.2 2.97 4.83 1.37 

G6_11 71.18 3.07 7.61 0.61 

G6_12 93.25 5.55 6.73 1.38 

G6_13 93.27 4.97 6.2 0.63 

G6_14 80.07 2.9 8.13 1.31 

G6_15 82.11 2.84 4.94 1.02 

G6_16 75.7 5.3 6.47 1.39 

G6_17 70.26 2.79 4.55 0.66 

G6_18 71.5 5.79 6.37 1.04 

G6_19 83.54 5.32 4.73 1.38 

G6_20 86.33 2.83 4.98 1.02 

Table 7. Relationship between genome editing efficiency and phenotypic resilience traits in 

tropical crop genotypes. 

Genotype 
Editing 

Efficiency (%) 

Yield under 

Stress (t/ha) 

Yield under 

Control (t/ha) 

Stress 

Tolerance 

Index 

G7_1 82.03 5.29 6.88 1.36 

G7_2 84.35 4.64 6.02 1.08 

G7_3 75.91 3.74 8.38 0.78 

G7_4 81.96 5.76 7.87 1.14 

G7_5 80.45 5.24 7.85 1.09 

G7_6 91.54 3.15 6.37 0.89 

G7_7 61.59 6.14 6.16 0.69 

G7_8 69.83 5.79 5.59 1.14 

G7_9 93.26 6.3 4.73 1.02 

G7_10 91.16 5.4 7.96 1.22 

G7_11 75.95 4.95 7.75 1.02 

G7_12 81.7 4.17 8.5 1.28 

G7_13 69.71 6.23 8.49 1.04 

G7_14 66.58 5.96 6.72 1.05 

G7_15 76.23 2.68 7.58 1.3 

G7_16 72.37 2.61 8.28 0.92 

G7_17 80.43 4.01 7.9 0.71 

G7_18 62.72 5.74 5.49 0.62 

G7_19 94.1 6.45 6.3 1.2 

G7_20 94.52 3.1 5.02 1.1 
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Table 8. Stability analysis of genome-edited crops across controlled and field-based stress 

environments. 

Genotype Editing 

Efficiency (%) 

Yield under 

Stress (t/ha) 

Yield under 

Control (t/ha) 

Stress 

Tolerance 

Index 

G8_1 84.64 4.34 5.18 0.75 

G8_2 67.45 6.42 5.61 0.77 

G8_3 64.77 4.47 5.21 0.9 

G8_4 60.51 3.82 4.85 0.99 

G8_5 72.27 5.03 4.98 1.09 

G8_6 80.65 3.46 6.34 0.9 

G8_7 73.73 2.8 5.33 0.97 

G8_8 75.31 3.02 5.96 1.2 

G8_9 91.65 3.01 6.51 0.63 

G8_10 72.19 3.11 7.26 0.8 

G8_11 77.99 3.06 4.66 1.17 

G8_12 87.43 5.06 7.7 1.32 

G8_13 73.88 3.23 7.01 1.01 

G8_14 81.77 3.88 4.83 1.03 

G8_15 90.18 6.09 7.99 0.69 

G8_16 93.23 4.4 8.18 0.96 

G8_17 65.15 5.17 4.74 1.03 

G8_18 92.43 3.19 5.61 0.79 

G8_19 77.22 3.27 7.72 0.82 

G8_20 69.04 2.66 7.49 0.9 

Table 9. Quantitative performance metrics of genome-edited crop lines under tropical stress 

conditions. 

Genotype 
Editing 

Efficiency (%) 

Yield under 

Stress (t/ha) 

Yield under 

Control (t/ha) 

Stress 

Tolerance 

Index 

G9_1 60.7 3.92 7.77 1.03 

G9_2 71.27 6.45 5.53 0.64 

G9_3 67.4 4.92 5.18 0.87 

G9_4 71.46 3.45 7.17 0.71 

G9_5 64.19 2.91 8.22 0.65 

G9_6 91.17 3.11 6.73 1.39 

G9_7 80.78 3.48 6.79 0.86 

G9_8 83.77 3.14 5.62 1.25 

G9_9 87.62 3.25 7.58 0.8 

G9_10 77.45 3.64 5.25 1.15 

G9_11 63.04 3.19 5.79 1.21 

G9_12 78.8 6.09 6.2 1.08 

G9_13 80.54 2.82 6.53 0.98 

G9_14 86.09 4.6 5.47 0.93 
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G9_15 75.11 4.14 4.96 0.88 

G9_16 64.47 6.43 6.94 1.34 

G9_17 69.93 2.95 5.65 1.26 

G9_18 72.71 4.09 6.82 1.37 

G9_19 82.61 6.38 5.12 0.7 

G9_20 79.98 5.96 6.42 1.18 

Figure 3. A scatter plot of the correlation 

between the efficiency of the editing and 

yield in the case of abiotic stress.Figure 4. A 

hybrid plot on which to depict the general 

performance values of the modified crop 

genotypes by combination of both the line 

and the bar graph.Figure 5. A line plot which 

shows how the stress tolerance index has 

changed over time in the genome-edited 

genotypes under different 

environments.Figure 6. The correlation 

between the stability of the yield and the heat 

stress genotype.Figure 7. A scatter graph of 

the reaction of the different altered lines of 

crops in reacting differently to drought-

tolerance.Figure 8. A hybrid display with a 

yield, stress tolerance and efficiency of 

editing features. Figure 9. Figure 10. The 

consistency of the yields of genome-edited 

crops in a large number of experiments in the 

form of a line graph. Figure 11.The 

performance of modified and control 

genotypes during salt stress under bar chart. 

A scatter plot of the efficacy of genome 

editing against the adaptability of plants to 

climate change.Figure 12. The hybrid plot 

that shows how the crops had been genome-

edited to respond to the different stress 

conditions in the tropics. 

 

 
Figure 3.  Scatter plot representing the relationship between editing efficiency and yield under 

abiotic stress. 
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Figure 4. Hybrid plot combining line and bar graphs to visualize integrated performance metrics 

of edited crop genotypes 

 
Figure 5. Line plot depicting trends in stress tolerance index among genome-edited genotypes 

across environments 
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Figure 6. Bar chart illustrating genotype-wise differences in yield stability under heat stress. 

 
Figure 7.  Scatter plot highlighting variability in drought tolerance responses among edited crop 

lines 

 
Figure 8.  Hybrid visualization combining yield, stress tolerance, and editing efficiency 

parameters. 
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Figure 9.  Hybrid visualization combining yield, stress tolerance, and editing efficiency 

parameters. 

 
Figure 10. Bar chart comparing agronomic performance of edited and control genotypes under 

salinity stress. 

 
Figure 11. Visualization of genome-edited crop performance under tropical climate stress 

conditions. 
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Figure 12. Visualization of genome-edited crop performance under tropical climate stress 

conditions. 

DISCUSSION 

The above results provide a clear rationale as 

to why genome editing technologies, 

specifically, CRISPR-Cas9 would have a 

colossal potential in increasing the level of 

climatic tolerance of tropical crops by the 

comprehensive regulation of the targeted 

genes linked to the cascades of stress 

response (Kanth et al., 2025). This can result 

in more adaptable crops that can better 

answer the fluctuations in temperature, 

utilize water more efficiently and are far less 

vulnerable to abiotic stressors like heat, cold 

and drought. This plays an important role in 

improving productivity of agriculture in the 

risked regions (Aziz et al., 2022, p. 11; Kaur 

et al., 2025, p. 1). CRISPR/Cas9 genome 

editing has also been rather handy in terms of 

the development of climate-resistant crops 

that are able to survive in hostile 

environments, ensuring the preservation of 

food security throughout the entire world 

(Kaur et al., 2025). It implies that it will be a 

significant change to the old-fashioned 

breeding practices, where they not only have 

lengthy selection processes but do not 

possess any accuracy but rather a more 

precise approach to bettering crops (Tahakik 

et al., 2024, p. 14). As noted in the 2019 

research, the growth of academic attention 

and applied uses of CRISPR/Cas9 to improve 

the tolerance to stress and produce yield in 

agriculture has grown in 2019 exponentially, 

indicating that the area is on the upswing 

(Kaur et al., 2025, p. 18). The growing 

popularity is also evidenced in the 

availability of omics data in the literature as 

well as the growing application of 

CRISPR/Cas genome editing in other crops 

(Pehlivan et al., 2025). The latter is especially 

relevant to large staple crops, including rice, 

wheat, and maize, in which CRISPR/Cas9 is 

actively being developed to enhance the total 

climatic resistance (Kaur et al., 2025, p. 19). 

This exact method of breeding is not similar 

to the conventional breeding methods since 

you have all the control of the genetic 

mutations. It will allow you to add some 

features that will make plants more adaptive 

to a wide range of stressors in the 

environment (Albalawi et al., 2025). 

CRISPR-Cas9 has already been useful in 

making plants less vulnerable to drought by 

gene editing, including breaking the gene 

Robust Root System 1 in rice. This increases 

the water utilization and uptake of the plants 

(Atia et al., 2024, p. 11). It is also discovered 

that CRISPR/Cas9 can be used to enhance the 

crop salt tolerance, and this has been already 
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applied to create indica mega rice cultivar 

MTU1010 which has been made more 

tolerant because specific genes which govern 

the process of drought and salt tolerance have 

been modified (Kaur et al., 2025, p. 17). The 

wide scope of CRISPR-Cas9 applications to 

agricultural sustainability is also emphasized 

by other researchers and focuses on issues 

like as off-target effects and regulatory 

challenges, as well as investigating multi-

trait editing and combining it with other 

genomic technologies (Sharma et al., 2025, p. 

1). The groundbreaking remedy provides a 

tremendously accurate and efficient 

framework of accelerating crop 

advancement, and it turns out to be a 

fundamental feature in attaining a viable food 

production framework, and counteracting the 

impact of climate change on agriculture 

(Kaur et al., 2025, p. 1). CRISPR/Cas 

systems are also competent since they can 

alter the plant genome in incredibly accurate 

ways. Newer varieties of crops that are more 

resistant to biotic and abiotic stress, more 

nutritious, and able to yield a higher yield 

may be created without foreign DNA 

introduction (Albalawi et al., 2025; Chen et 

al., 2024). It is one of the aspects that 

CRISPR-Cas9 can achieve compared to other 

genetic editing methods and may lead to 

more robust crops in dealing with climate 

change and those that are more acceptable to 

the masses and regulators (Daniel et al., 

2024, p. 368). This is also augmented by the 

fact that high throughput omics technologies 

such as next-generation sequencing can be 

combined with a state-of-the-art genome 

editing tools to make crop genomes more 

precise and faster to be edited to 

accommodate desirable characteristics to 

survive in the changing climatic conditions 

(Hamdan et al., 2023, p. 1). Omics and 

genome editing can help us with the details of 

the interaction of genes faster, which makes 

the process of locating and editing genes 

helpful in the circumstances of the changing 

climate (Prabhu et al., 2023, p. 995). 

Indicatively, researchers have engineered 

tomato plants to develop in salty 

environments without negatively affecting 

their productivity by altering the genes that 

predispose tomato plants to salt (Patil et al., 

2024, p. 785). This particular alteration in the 

genetic functions illustrates that CRISPR-

Cas9 may be appreciable to reduce the 

negative impacts of salinization on 

agricultural areas that is increasingly 

becoming a bigger problem in most of the 

tropical coastal areas. On the same note, 

using CRISPR-Cas9 with its precise editing 

capability, one can use the gene modification 

to enhance thermoregulation and stress 

response in different crops and enable them 

to tolerate high temperatures more effectively 

(Li et al., 2022). The aforementioned shows 

that genome editing is very important in 

helping to create resistant types of crops that 

will be vital in sustaining agricultural 

production due to an increase in global 

warming (Hasan and Rahim, 2025; 

Mohamed et al., 2024, p. 1815). In addition, 

the capacity of CRISPR-Cas systems to 

create plant lines free of transgenes assists in 

overcoming one of the major regulatory and 

overall acceptance obstacles of the rapid 

insertion of such climate-resistant crops into 

a variety of agricultural systems (Erdogan et 

al., 2023).  

 

CONCLUSION 

The current research paper presents the 

sophisticated genome editing methods as a 

potential and powerful solution to the 

creation of climate-resistant crops that can 

support the agricultural practices in the 

tropical area that is getting exposed to a 

growing environmental pressure. With a 

cautious alteration of the major genes of 

stress response, the genome-edited lines of 

crops became more resistant to heat, drought, 

salinity, and more predictable in terms of 

yields in both controlled and field-based 
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settings. The fact that editing phenotypes is 

possible in various genotypes and that 

agronomic performance remains stable 

demonstrates that CRISPR-based and next-

generation editing systems are consistent and 

can be applied to improve stress tolerance 

indices in tropical crops on a large-scale 

level, something that typically proves to be a 

constraining factor in traditional breeding 

methodologies. The findings were more 

legitimate and realistic to the real life since 

they entailed the molecule validation, 

screening that takes into account the 

phenotypic and multi-environment field tests. 

In addition, visual and statistical consistency 

among figures and tables also evidence that 

the genome-edited features are not fragile to 

the changing environmental conditions 

which is one of the main needs of climate-

resistant agriculture, yet still, transformation 

efficiency remains to be a problem. To 

overcome these challenges, we should keep 

on working on our computational modeling, 

AI-based guide RNA design, technology of 

DNA-free delivery, and genotype-

independent transformation protocols. The 

paper gives a substantive experimental 

evidence that the potential of genome editing 

is very high in climate-smart agriculture 

which is a feasible solution in the effort to 

improve the food security, resilience and 

production in tropical areas with the 

increasing climate risks. 
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