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Abstract 

Insect pests are one of the main obstacles to increased food and fiber production worldwide. Biological 

control agents such as arthropod natural enemies, entomopathogens (Bacteria, nematode, virus, and 

fungus), botanical insecticides, and insect hormones are generating a lot of attention as alternatives to 

chemical pesticides and crucial elements of integrated pest management system. Biotechnology plays a 

major part in increasing the bio-insecticide efficacy, cost effectiveness, and market reach. A genetic 

engineering and insect transformation technology offers ways for the generation of insect natural 

enemies including pesticide resistance, cold tolerance, and sex ratio alteration. Modern technologies 

which offer an efficient extraction process, formulation solvents and adjuvants which can improve 

insecticidal efficacy of plant derived insecticides. Bacillus thuringiensis (Bt) genes that encode insect 

toxic proteins can be genetically altered to create more powerful strains and transgenic plants that 

express that Bt toxin. Biotechnology has a positive impact on food security from insect attack and can 

contribute to the sustainability of modern agriculture. Biotechnology plays a significant role in insect 

pest management by providing innovative and sustainable solutions to reduce pest populations while 

minimizing environmental impacts and dependency on chemical pesticides. In this review, we have 

discussed some important strategies like GMO crops, RNA interference (RNAi), Sterile Insect 

Technique (SIT), CRISPR Cas9, and Host Plant Resistance in Biotechnology in Integrated Pest 

Management. 
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Introduction 

Insects have been one of the biggest causes of damage in food production, accounting for 

between 20 to 30 per cent of global production. Around 67,000 species of insect cause 

damage to plantations and tropical areas, most affected by the high incidence of insect pests. 

The insecticides used in pest control are often of low selectivity, they can have an impact on 

the natural enemy population, boosting the growth of pests and even the resurgence of others. 

Due to this, there is a need for alternatives that could reduce or even eliminate the use of 

conventional pesticides. Today, the new strategies include a number of alternatives, 

including parasitoids, entomopathogenic microorganisms (Bacillus thuringiensis, or Bt), 

resistant plants, and selective insecticides. One example of this is the use of bacterial gene 

technology (Cry) to manage the primary Lepidoptera pests. The Bt gene technology aims to 

reduce the amount of inert products in food and create a more sustainable, pollution-free, 

residue-free environment. Though biotechnology plays a vital role, there are still many 

challenges to overcome, in order to seek new research, sustainable in modern day farming.  

 

Role of Bio-technology in Insect Pest Management 

Biotechnology is the branch of biology that uses living systems and organisms to generate 

products for specific use. However, the planned change of natural processes to achieve 

effective insect pest control can be referred to as insect pest management. Living organisms 

have developed an enormous number of biological roles and by beneficial organisms with 

particular traits, such insect pest species can be effectively controlled. Biotechnology has 

significant ability to provide sustainable biological components in integrated pest 

management (IPM).  
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A new era in agriculture started with the development of 

modern biotechnology as agriculture biotechnology varieties 

are used as a tool for agricultural research that involves the 

safe transfer of genes of agronomic interest (and, 

consequently, or desired characteristics) between a donor 

agency (which may be a plant, a bacterium, fungus, etc.) and 

plants. Plant genetic advances have the consequence of 

reducing the excessive reliance on improvements in 

agriculture, machinery, and chemicals. Modern 

biotechnology can reduce production costs, improve food 

quality, and create less harm to the environment in addition 

to increasing productivity. Biotechnology plays a significant 

role in insect pest management by providing innovative and 

sustainable solutions to reduce pest populations while 

minimizing environmental impacts and dependency on 

chemical pesticides.  

 

Key contributions in Biotechnology in Insect Pest 

Management include 

1. Development of Genetically Modified (GM) Crops 

‘‘Biotechnology’’ was known as ‘‘the use of biological 

processes, organisms, or systems to create products that are 

expected to enhance human lives’’. It is the ability to use 

living systems or to influence natural processes to produce 

products, systems, or environment that support human 

progress (Bhatia and Goli, 2018 a) [3]. The term 

‘‘Biotechnology’’ was defined as the genetic modification 

of organisms for human use when rDNA technology first 

developed around 1972. There are several uses for 

biotechnology, including creating hybrid genes and 

introducing them in desirable organisms (Husby, 2007) [16]. 

The development of rDNA technology has given rise to the 

terms like Genetically Modified Organisms (GMOs) or 

Living Modified Organisms (LMOs) or Genetically Edited 

Organisms (GEOs). Under the umbrella of ‘‘synthetic 

biology’’ a comprehensive collection of gene editing 

techniques are accessible to scientists. The term ‘‘green 

biotechnology’’ refers to the use of biotechnology in 

agriculture to create genetically modified crops or GM crops 

(Bhatia and Goli, 2018 b) [4]. Crops genetically engineered 

to produce Bt toxins have a benefit that these crops work 

well with other pest management strategies, particularly 

biological control, their advantages go beyond the decrease 

in the usage of insecticides (Figure 1). 

 

 
 

Fig 1: Key Strategies in Biotechnology in Integrated Pest Management 

 

Bt crops have genes from Bacillus thuringiensis (Bt), a soil 

bacterium, are inserted into crops like cotton, maize, and 

soybean. These crops produce Bt toxins that are specifically 

toxic to certain lepidopteran and coleopteran pests (e.g., 

bollworms, stem borers) while being safe for humans and 

non-target organisms. A new era of selective pest 

management was ushered in 1996 with the introduction of 

Bt cotton varieties that contains Cry1Ac gene (Figure 2). 

This characteristic successfully gave cotton immunity 

against pink bollworm. Coincidentally, two selective insect 

growth regulators (IGRs) for whitefly management were 

introduced in the same year. The use of foliar insecticide 

was reduced, although broad spectrum insecticides were still 

needed to control Lygus bugs. With the start of a grower 

organized pink bollworm eradication program, the success 

of the GE cotton cultivars was characterized by remarkable 

adoption rates, reaching a peak in 2008 with over 98% of 

acreage under Bt cotton (Naranjo and Ellsworth, 2010; 

Tabashnik et al., 2010) [22, 29]. 

The Bt eggplant was developed to protect Brinjal against 

certain lepidopteran pests, such as eggplant fruit and shoot 

borer (EFSB), is provided by the Cry1Ac gene. Efficacy 

trials were part of the Bt eggplant research and 

development, and contained greenhouse testing showed that 

EFSB could be controlled (Choudhary and Gaur, 2008) [7]. 

According to studies, Bt brinjal offers farmers significant 

economic, health, and environmental advantages by 

controlling EFSB almost entirely and drastically lowering 

the need for pesticides (Shelton et al., 2018) [18]. Spodoptera 

frugiperda (Fall armyworm) is the major pest of maize. 

When Spodoptera frugiperda larvae feed on plant tissue 

different Bt proteins (Including Cry1Ab, Cry1F, Cry1A.105, 

Cry2Ab, and Vip3Aa, are produced by GE maize that are 

toxic to Spodoptera frugiperda larvae (at varying levels).

https://www.agriculturaljournals.com/


 

~ 91 ~ 

International Journal of Agriculture and Food Science https://www.agriculturaljournals.com 

 

 
 

Fig 2: Schematic diagram of the process used to create a transgenic Bt plant 

 

 2. RNA Interference (RNAi) Technology 

RNAi based technology has a potential in crop protection as 

it can silence essential pest genes, leading to pest mortality 

or reduced reproduction (Taning et al. 2019 and Joga et al. 

2016) [30, 18]. It acts only on target species while leaving non-

target species unharmed (Bachman et al., 2013, and Whyard 

et al., 2009) [1, 34]. The trigger for gene silencing is double-

stranded RNA (dsRNA) generated from an endogenous 

genomic locus or a foreign source, such as a transgene or 

virus. This method is highly specific, targeting only the 

intended pest species without harming beneficial insects. It 

is extremely widespread sequence-specific method that 

prevents the expression of a certain gene, which makes it a 

useful technique to control insects in a species-specific 

manner (Figure 3). The United States (2017) and Canada 

(2016) approved the transgenic maize SmartStax®Pro, 

which is designed to express dsRNA to control Diabrotica 

virgifera DVsnf7. The unavailability of genetic 

transformation technology in certain crops and public 

concerns about the safety of transgenic plants have 

significantly hindered the adoption of RNAi-based 

transgenic plants (Rank and Koch, 2021) [37]. 

 

 
 

Fig 3: RNA Interference (RNAi) Technology for Insect Pest Control 

 

For field application, the RNAi strategy to insect pest 

management can be used in plants, by developing 

genetically modified (GM) crops that express the RNAi 

trigger against specific species. Numerous studies have 

showed the potential RNAi in the controlling of insect pests 

(Baum et al., 2007, Mao et al., 2007, Pitino et al., 2011) [2, 

23, 26] and more than 15 countries recently approved the 

cultivation of first maize crop (MON87411), that expresses 

dsRNA against the western corn rootworm, Diabrotica 

virgifera (ISAAA. 2020) [17]. Lu et al., (2020) [20] reported 

that gene-specific dsRNA can effectively lower the survival 

of the pest beetle, Henosepilachna vigintioctopunctata. 

Similar results were obtained by Ullah et al., (2020) [31], 

who revealed that the cotton-melon aphid, Aphis gossypii, 

was decreased significantly by 41% and 48%, respectively, 

after exposure to dsRNA targeting the chitin synthase 1 

gene. These and numerous other research findings 

demonstrate its goal of using RNA interference (RNAi) for 

pest management. However, the effectiveness of the RNAi- 

method depends on the particular characteristics of the 

target insect species, such as the structural features, host-

pathogen interaction mechanisms, and the efficiency of the 
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RNAi machinery. The stability of dsRNA in the 

environment and in the digestive tract of insects is a 

significant factor influencing the effectiveness of RNA 

interference for pest management (Christiaens et al., 2020) 
[8]. Impact of digestive nucleases on RNAi efficacy was 

provided by Giesbrecht et al., 2020 [10] in the mosquito, 

Aedes aegypti. Compared to mosquitoes that were not given 

the nuclease specific dsRNA, silencing efficiency increased 

when dsRNA targeting two midgut specific nuclease and 

dsRNA targeting a reporter gene were delivered together. 

Applying micro-organisms that produce insect-specific 

dsRNA instead than naked dsRNA could be one method to 

overcome the problems with dsRNA persistence. The 

bacteria may cause the dsRNA to remain in the environment 

and in insects for a longer period of time. Zhang et al. 

(2019) [36] revealed that the application of dsRNA-

expressing bacteria could be used to target the leaf beetle, 

Plagiodera versicolora.  

3. Sterile Insect Technique (SIT)  

Biotechnology enhances Sterile Insect Technique (SIT) by 

allowing for the mass production of genetically sterile 

insects. For example, transgenic techniques can ensure 

sterility or alter sex ratios to suppress pest populations 

effectively. Sterile Insect Technique (SIT) is a method of 

biological insect management technique that releases a large 

number of sterile insects into the wild (Dyck et al., 2021) [9]. 

The sterile males mate with the females and the females that 

mate with a sterile male produce no offspring, thus the 

following generation is reduced (Figure 4). Sterile insects 

cannot reproduce themselves and cannot become established 

themselves in the environment and repeated release of 

sterile males can eliminate pest populations (Vreysen et al., 

2007) [32].  

Using the Sterile Insect Technique (SIT) screw-worm flies 

(Cochliomyia hominivorax) have been effectively 

eliminated from North and Central America. 

 

 
 

Fig 4: Sterile Insect Technique (SIT) 

 

Numerous fruit fly pests have been successfully controlled, 

most notably the Mexican fruit fly (Anastrepha ludens) and 

the Mediterranean fruit fly (Ceratitis capitata). The 

usefulness of this method in controlling the Queensland fruit 

fly (Bactrocera tryoni) is now being investigated (Luigi, 

2013) [21]. The insect’s reproductive cells get sterilized as a 

result of X-ray photon irradiation.  

 

4. Precision Breeding for Pest Resistance: Advances in 

gene-editing technologies like CRISPR/Cas 9 allow precise 

modifications to plant genomes, enhancing resistance to 

specific insect pests. CRISPR/Cas9 has gained a lot of 

attention due to its unique benefits in controlling insect pest, 

which ensures a high crop yield and food security. A 

number of gene editing and insect manipulation tools have 

been used in Drosophila melanogaster Meigen, and several 

tephritids (Figure 5). The development in genome editing 

methods has created genetically modified insects and other 

innovative pest control methods (Mir et al., 2018, Handler et 

al., 2002) [25, 12]. 

 

 
 

Fig 5: Genome editing in insects 
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The CRISPR/Cas9 technology is developing because it is 

highly advantageous for effective gene editing and 

modification. The CRISPR/Cas tools components- sgRNA 

and the Cas9 protein can be introduced into the target 

organism as plasmid DNA, RNA or a ribonucleo-protein 

(RNP) complex (Heinrich et al., 2002, Schetelig et al., 

2016). Some of the insect orders that have been evaluated 

for pest management by genome editing using CRISPR/Cas 

system are in Table 1. 

 
Table 1: Insect genes successfully modified by CRISPR/Cas9 system 

 

Insect Targeted genes Delivery method References 

Ceratitis capitata Eye pigmentation gene white eye (We) Micro-injection Meccariello et al. (2017) [24] 

Trobolium castaneum EGFPI mRNA injection + DNA Gilles et al. (2015) [11] 

Helicoverpa armigera HaCad mRNA+ DNA Wang et al. (2016) [33] 

Plutella xylostella Pxabd-A mRNA+ DNA Huang et al. (2016) [15] 

Agrotis ipsilon Yellow-Y-Gene Micro-injection Chen et al. (2016) [6] 

Locust migratoria Ocro Micro-injection Li et al. (2016) [19] 

 

5. Molecular Diagnostics 

Molecular diagnostics in pest control refers to the use of 

advanced molecular biology techniques to detect, identify, 

and monitor pests or pathogens that threaten crops, animals, 

or humans. This approach provides highly accurate, rapid, 

and sensitive tools for pest management, enabling targeted 

and efficient control measures.  

 

6. Biotechnology and host-plant resistance 

Plant resistance is as a result of inherited traits that make a 

plant comparatively less susceptible to damage than a plant 

without these qualities. Biotechnology in host plant 

resistance refers to the application of biotechnological tools 

and techniques to improve the natural ability of plants to 

resist pests, pathogens, and other stressors. This approach 

complements traditional breeding methods and enables the 

development of crops with improved resistance traits in a 

more precise and efficient manner. During last 30 years, the 

major biochemical principles driving such resistance and the 

genes involved have been identified for their directed 

application through biotechnological means, but most 

emphasis has been given to primary protein products of 

specific genes. Genes of major importance are those whose 

protein product, depending on the method of insecticidal 

action of gene product, may be detrimental to the target 

insect-pests normal growth and development in order to 

provide host plant resistance. The first transgenic plant 

(tobacco) expressed a cowpea trypsin inhibitor gene (cpti-an 

insecticidal gene) and generated the inhibitor protein at 

1.0% level to improve defense against the lepidopteran pest 

Helothis virescens (Hilder et al., 1987) [14]. However, 

subsequently developed transgenic rice (Xu et al., 1996) [35] 

and potato plants that were created with this gene failed to 

provide sustainable insect protection. On the other hand, 

Bacillus thuringiensis, genes that express insecticidal Cry-

proteins were more effective in transforming tomato and 

tobacco plants. 

 

7. Reduced Reliance on Chemical Pesticides 

By integrating biotech tools into Integrated Pest 

Management (IPM) programs, the dependence on chemical 

pesticides is reduced, leading to better environmental and 

human health outcomes.  

 

Conclusion 

Biotechnology has revolutionized the field of entomology, 

offering innovative tools and approaches to better 

understand, manage, and utilize insects. By integrating 

advanced techniques such as genetic engineering, RNA 

interference (RNAi), and CRISPR-Cas9, sustainable 

solutions can be developed for pest control and enhance 

pollinator health. However, these advancements also have 

some ethical, environmental and regulatory challenges. 

Ensuring biosafety, addressing ecological concerns, and 

gaining public acceptance are critical to the responsible 

application of biotechnological innovations in entomology. 

In conclusion, biotechnology offers immense potential to 

transform entomology, contributing to agriculture, and 

environmental conservation. With continued research and 

responsible implementation, it can address global challenges 

and improve the balance between human needs and 

ecosystem health.  
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