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Chapter 13

Crop Resilience: Genetic Engineering 
and CRISPR in Agriculture

Shailendra Thapliyal1 , Kailash Bisht1  and Jasvinder Kaur2

Abstract

The study of plant-microbe interactions, disease resistance, and activities that promote plant 
development is increasing attention in the application of CRISPR/Cas genome editing techniques. 
Their potential utilization in agriculture and their possible effects on plant health are examined in 
this review. Food security and agricultural improvement are vastly enhanced by genome editing; yet, 
in order to fully realize its potential, certain challenges and constraints must be overcome. Utilizing 
less pesticides and increasing crop yield, gene-editing technologies, especially CRISPR-Cas9 systems, 
have produced crops that are resistant to disease. This analysis emphasizes the function of genome 
editing in sustainable agriculture through CRISPR-Cas9. By reproducing plants with desired features, 
CRISPR/Cas9 technology transforms genome engineering. It is utilized by the agricultural sectors to 
strengthen quality, productivity, resistance to disease, and stress. CRISPR/Cas-based gene knockdown 
facilitates crop domestication and hybrid breeding while improving yield, quality, and resistance. The 
speed, accuracy, and cost of CRISPR technology make it a promising tool for revolutionizing agricultural 
biotechnology. Its creations, including as disease-resistant wheat, drought-tolerant cereals, and nutrient-
efficient maize, have been leveraged to improve crop performance and address global food security. 
However, barriers including societal perception, technological constraints, legal limitations, and ethical 
dilemmas prevent its widespread adoption. Innovations in technology make it possible to domesticate 
wild plants from scratch, which supports sustainable agriculture and food security. Future agricultural 
growth depends on our ability to comprehend essential domestication genes and manipulate target 
sequences precisely.
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1. Introduction

Climate change influences agriculture, especially plant agriculture, necessitating scientific, economic, 
political, and social actions for a sustainable way of life. Since plants are the primary source of energy 
and matter fixation, biotechnological interventions are necessary for producing crops that can withstand 
climate change [1]. The agricultural sector must contend with growing food consumption, a reduction in 
arable land, and the consequences of climate change. To guarantee food security and genetic integrity, 
breeders are creating new breeding techniques (NBTs) and genomics innovations [2]. Precision breeding 
techniques have the potential to significantly impact the next generation of plant breeding by improving 
crop resistance to abiotic stressors and the sustainability and resilience of the agricultural arrangement, 
particularly in the context of climate change [3]. Crop resilience to stress is strengthened by biotechnology, 
which elevates agricultural output. Genetic modifications are made easier by approaches like genome 
editing, sequencing, and genetic engineering. By creating sustainable crop varieties, we expect to both 
mitigate climate change and meet the world's food necessities [4]. Scientists, breeders, farmers, and 
ranchers now have an opportunity to solve complications, optimize cattle health, and minimize the 
environmental effect of agriculture through genome editing. Nonetheless, it require adaptable strategies 
and international regulatory architecture. The regulatory environment is changing, with nations focusing 
more on product attributes than on specific technologies [5]. Climate change puts agricultural productivity 
at risk by intensifying biotic and abiotic stressors like heat waves, droughts, and emerging infections. 
Appropriate crop types require the development of climate-resilient plant breeding approaches. Enhanced 
genetic improvements require large-scale screening, model-based envirotyping, and rapid generation 
growth. Traits must adapt without compromising economic viability [6]. Plant growth and health are 
significantly influenced by the bacteria known as plant microbiome, or plant-associated microbes. Our 
understanding of the composition of the microbiome has improved with recent advancements. Sustainable 
agriculture and a green revolution may result from the manipulation of plant microbiomes. To properly 
comprehend these interactions, novel tools are essential [7]. With superior nutrient delivery, pest control, 
genome editing, and intelligent plant sensing, nano-biotechnology presents a robust and sustainable 
agricultural production system that can adapt to changing climate conditions and global food requirements 
[8]. Enhancing agricultural output and reducing its dependence on chemicals, scientists have developed 
crops to be more resilient to abiotic hurdles. Yet, there are still issues including ethical limitations, off-
target consequences, and economic worries [9].

2. Genetic Engineering and CRISPR in Agriculture

In 2013, the prokaryotic adaptive immune system known as Clustered Regularly Interspaced Short 
Palindromic Repeats (CRISPR-Cas9) was effectively applied to plants, expanding our knowledge of 
plant biological systems and opening up new avenues for research [10]. Global agricultural output and 
food access are greatly dependent on the application of cutting-edge breeding technologies like CRISPR/
Cas genome editing [11]. While genome engineering tools offer greater genetic material knowledge, high-
throughput sequencing technologies reveal the structural and functional aspects of plant DNA. With 
their numerous prospects, these technologies will transform the creation of varieties of crops [12]. 
Genetically modified crops are less capable to adapt to new environments as a result of the prolonged 
domestication process. To address these issues, future cultivation will need to incorporate genomic 
approaches like machine learning and high-throughput DNA sequencing [13]. Sustainable farming is 
made possible by CRISPR-Cas9-based genome engineering approaches, as opposed to labor-intensive 



Thapliyal et al. 73

traditional breeding for crop development. Non-genetically modified transgene-free plants augment 
desired characteristics, and crops resilient to illness have been produced by gene editing techniques, 
overcoming concerns associated with infection [14]. Targeted gene editing is made possible by CRISPR/
Cas9 technology, which transforms genome engineering by improving crop plant characteristics 
including productivity and stress tolerance in the agricultural sector [15]. By enabling targeted genome 
editing and crop enhancement, CRISPR technology is reshaping agricultural biotechnology. Its 
incorporation with technologies for precision agriculture represents an evolution toward more productive 
and sustainable farming methods. Traditional breeding and genetic modification methods are 
outperformed by CRISPR owing to its precision, velocity, and accessibility [16]. Precision genome editing 
of crops is made possible by CRISPR-based genome editing techniques, could additionally strengthen 
crop resilience to abiotic challenges, promote agricultural productivity, and minimize reliance on 
chemicals. Nonetheless, issues like unintended consequences, financial limitations, and ethical 
regulations must be rectified [17]. Cutting-edge technologies that are boosting agricultural yields and 
resolving the world's food scarcity including genetic engineering, artificial intelligence (AI), and the 
Internet of Things (IoT). Digital transformations contribute in the exploration of sustainability-focused 
concerns, while these tools support effective crop management, sustainable production, quality assurance, 
and disease control [18]. AI and bioinformatics frameworks are integrated into CRISPR-based platforms 
that enhance crop research and synthetic biotechnology. CRISPR-Cas technologies strengthen crop 
attributes while evaluating global regulatory measures and societal acceptance [19]. The CRISPR-Cas 
genome editing technique is transforming plant molecular biology by making it practicable to precisely 
alter crop species' genetic blueprint, encouraging sustainable farming methods, and expanding the 
application of basic science and plant synthetic biology techniques [20]. Advancement in CRISPR/Cas9 
tool have transformed plant science through vectors, Cas9 variations, cassettes, cloning systems, 
multiplexing, and delivery techniques. Genome editing promises precision, speed, and lower costs as a 
solution to worldwide challenges [21]. Although plant genome editing has been revolutionized by 
CRISPR-Cas technology, complications still persist. These could be addressed by nano-materials, which 
would enhance the effectiveness of gene editing, germline transformation, species adaptation, and 
shipment [22]. An efficient substitute for conventional breeding techniques, the CRISPR/Cas9 system, 
which has been created from bacterial immune systems, permits plants to target specific DNA or loci. 
RNA sequences act as a guide (gRNA) for this approach, facilitating precision gene editing and targeted 
disruption across multiple cell types [23]. Figure 1 below shows various domains of CRISPR/Cas9 
applications in agricultural sector. Global accessibility is necessary due to climate change and population 
growth, requiring sustainable food production. By carefully modifying DNA/RNA sequences and 
incorporating specific mutations, genome editing with CRISPR/Cas tools can solve these issues [24]. 
Target sequences within the genome are determined by tailored nucleases or recombinases, two molecular 
scissors employed by genome editing tools. The capacity to accurately and efficiently induce mutations 
is possessed by these enzymes, which include mega-nucleases, zinc-finger nucleases, transcription 
activator-like effector nucleases, RNA-guided nuclease systems, and DNA-guided nuclease platforms 
[25]. Higher grain yield and plant resilience are achieved through genetic engineering, red light 
management, bacterial-nutrient administration, solar enhancing, creative methods of agriculture, 
optimum fertilizer, stress tolerance, immunity to diseases, and varietal improvement [26]. To comprehend 
ecological principles, precisely control microbiomes, and forecast results while solving social and 
environmental concerns, microbiome engineering necessitates interdisciplinary collaboration spanning 
experimental, computation, automation, and application domains [27].
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3. Recommendations

After thoroughly examining the literature available we propose following recommendations for future 
implementation of CRISPR technique in precision agriculture.

 • Despite constraints including off-target consequences, an inadequate repair system, and regulatory 
constraints, the CRISPR revolution has the potential to completely transform global food security 
by enabling agricultural adaptation.

 • By strengthening crop resilience to climate change and drought stressors, enhancing crop 
production and water usage efficiency, and conserving resources like soil, energy, and water, 
genome editing approaches improve sustainable agricultural systems.

 • Understanding biological mechanisms at the community level and finding potential genes for 
CRISPR-based techniques in sustainable agriculture require research on plant species, microbiome 
sequencing, and meta-transcriptomic datasets.

 • Through greater comprehension of microbe-plant interactions, favorable chemicals and crop 
varieties that prefer positive connections can be established. This is made possible by advancements 
in genome analysis.

 • An important turning point in the interactions between humans and plants is being reached as 
traditional farming methods and genetic technologies converge together to offer promise for a 
more resilient, sustainable food future.

Figure 1. Various CRISPR/Cas9 applications for agricultural sector
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 • Since gene editing has created crops resistant to illnesses, it may become more widely accepted 
in agriculture than traditional techniques. This could enhance agricultural productivity and meet 
nutritional requirements.

 • Building trust and reducing dangers associated with field application of engineered nano-materials 
in agriculture necessitate the scientific community to take a practical approach.

 • Climate-resilient crops and varied skill pools for sustainable farming are anticipated outcomes of 
agriculture, which will also meet population expectations and encourage diversity among 
agronomists, breeders, scientists, and farmers.

 • Incompatibility between nanomaterials and soil can damage plant health, upset the balance of 
microbiota, and increase environmental toxicity, therefore understanding the soil's characteristics 
becomes crucial for their safe and sustainable deployment in agriculture.

Conclusion

Changes in lifestyle, increased understanding, and the application of technology will all be necessary by 
2050 to satisfy the world's food demands. Innovation in technology and continuous research are necessary 
for sustained prosperity. Sustainable food security is becoming more likely due to advances in genomics 
approaches; yet, there are still barriers to overcome, including a lack of transdisciplinary skills, 
inconsistent data, and gaps in our understanding of gene editing capabilities. Sustainable agriculture is 
supported by the CRISPR revolution, which increases the genomic resilience of crops. To ensure fair 
distribution and preserve the advantages for future generations, it necessitates prudent use and cooperation 
between scientists, legislators, and communities. Utilizing targeted genetic diversity across entire plant 
genomes, genome editing has revolutionized crop breeding and plant research. Antiviral breeding, high-
throughput mutant libraries, and targeted agricultural enhancement are made achievable by CRISPR/Cas 
systems. The great specificity, ease of application, and effectiveness of CRISPR technologies transform 
crop breeding. With a handful off-target consequences and pleiotropic implications, they produce 
accurate mutants. Crop performance and food quality are influenced by these methods, which also 
improve stress resilience and introduce desirable features.
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