
International Journal of Food Science and Agriculture, 2026, 10(1), 31-39 
https://www.hillpublisher.com/journals/jsfa/ 

ISSN Online: 2578-3475 
ISSN Print: 2578-3467 

 

DOI: 10.26855/ijfsa.2026.03.005 31 International Journal of Food Science and Agriculture 
 

Improving Agricultural Environmental Safety by 
Combining Novel Approaches with Insect Biology 

Muhammad Asim Qaisrani1,*, Muhammad Akhtar2 

1Department of Entomology, Faculty of Agriculture, Gomal University, Dera Ismail Khan, KPK 29050, Pakistan. 
2Department of Plant Breeding & Genetics, Faculty of Agriculture, Gomal University, Dera Ismail Khan, KPK 29050, Pakistan. 
 

How to cite this paper: Muhammad Asim 
Qaisrani, Muhammad Akhtar. (2026). Im-
proving Agricultural Environmental Safety 
by Combining Novel Approaches with In-
sect Biology. International Journal of Food 
Science and Agriculture, 10(1), 31-39. 
DOI: 10.26855/ijfsa.2026.03.005 
  
Received: January 23, 2026 
Accepted: February 20, 2026 
Published: March 18, 2026 
  
Corresponding author: Muhammad Asim 
Qaisrani, Department of Entomology, 
Faculty of Agriculture, Gomal University, 
Dera Ismail Khan, KPK 29050, Pakistan. 
 
© 2026 by the author(s). 
This article is an open access article 
distributed under the terms and conditions 
of the Creative Commons Attribution- 
NonCommercial-NoDerivatives (CC BY-
NC-ND) license, which permits non-
commercial use, distribution, and 
reproduction in any medium, provided the 
original work is properly cited and is not 
modified or adapted. 
https://creativecommons.org/licenses/by-
nc-nd/4.0/  

  Abstract 
The link between insect biology and modern farming practices is important for 
promoting environmental safety. Addressing the increasing pest challenges and 
ecological deterioration in agriculture demands a detailed understanding of insect 
physiology and behavior. The application of biocontrol agents also supports eco-
logical balance, where some natural predators can be used to maintain pest popu-
lations within threshold levels. Precision agro-technology in remote sensing and 
data analytics can be used to provide farmers with much-improved support for crop 
protection. New genetic technologies, especially DNA editing, now offer opportu-
nities to create pest-immune crops. What the new study reveals is that entomolo-
gists, agronomists, and policymakers are going to have to work on how this plan 
may be put into action. We emphasize the interaction of insect biology with agroe-
cosystems and propose strategies by which environmental sustainability can be in-
creased, and pest management maximized to enable a more resilient agricultural 
model in line with environmental stewardship. New genetic technologies, such as 
DNA editing, are creating possibilities for producing pest-immune crops. Recent 
work stresses cooperation between the entomologist, the agronomist, and the leg-
islator in maximizing this method. This, by bringing forward the relationship be-
tween insect biology and agricultural systems, brings insight into better pest man-
agement and environmental sustainability in constructing a much stronger agricul-
tural structure consistent with environmental stewardship. 

Keywords 
Insect biology; environmental safety; biocontrol; precision agriculture; genetic en-
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1. Introduction 

Food availability and ecosystem conservation rely on new and sustainable pest control approaches [1]. Various pest 
control systems have depended on chemical pesticides, which lead to several threats to human health, contribute to 
biodiversity loss, and impair environmental safety [2]. The current research focuses on the technologies that employ 
our understanding of insect biology to promote environmental safety in agriculture. Recent innovations in precision 
agriculture, like sensors and drones, enable some new targeted pest management options that utilize fewer pesticides 
[3].  

This is why the adoption of biological control initiatives, such as beneficial insects and microbiological agents, 
offers numerous avenues for effective control. Developments in genetic engineering also give a technique to pro-
duce crop types that are resistant to specific insects, which lessens the need for insecticides. Integrated pest man-
agement (IPM) offers a comprehensive approach based on multiple control methods with long-term effectiveness 
that delivers a comprehensive approach based on varied methods of control with durable outcomes [4, 5].  
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The engagement of education and awareness in promoting these practices cannot be neglected, since farmer input 
is important for their acceptance. By applying these approaches, the agricultural sector can enhance resistance to 
pests while safeguarding human health and environmental sustainability [6]. This research highlights these critical 
aspects and their potential use in promoting sustainable agriculture in the future. 

2. Review Methodology 

The study methodically collected, reviewed, and selected the literature to build a comprehensive and quality dataset. 
A structured search conducted in Google Scholar yielded 150 articles. In constructing and improving this dataset, 
an inspection for duplicate items was undertaken, and their removal led to the development of 135 unique entries. 
After that, each record was assessed for relevancy; based on that, 30 records were excluded because they were not 
relevant to the study topic. Then, 105 remaining records were verified for complete eligibility with pre-defined 
inclusion and exclusion criteria, where 40 records of less importance were given up due to out of scope, insufficient 
data, and an English language barrier. This stage ensured that only those papers with considerable relevance to the 
aims of the study were kept. In the end, 65 papers fulfilled the inclusion criteria for the final analysis, thus providing 
comprehensive data collection and acting as a useful platform for a detailed evaluation. All the phases of screening 
and eligibility evaluation were based on the formulation of precise criteria from the commencement of the study, so 
that the selection process would be without bias and would follow some regularity. These criteria have concentrated 
on the significance of each article related to the core concerns of the study and, at the same time, on the correctness 
and authenticity of the data presented. This far-reaching yet specific strategy tended to rule out bias and so allowed 
for the inclusion of numerous distinct but significant sources that, in turn, contributed to strengthening the robust-
ness and reliability of the results produced.  

 
Figure 1. PRISMA chart of current review. 

3. Understanding Insect Biology 

Insect biology plays a key role in establishing sustainable pest control approaches. Key regions include: 

3.1 Physiology and Behavior 

The study of insect physiology, reproduction, metabolism, and sensory perception stimulates the creation of specific 
biopesticides and repellents [7]. In truth, designs of biopesticides have been developed to interfere with specific 
metabolic pathways during the life stages of pests, leaving non-target species undamaged. Furthermore, utilizing 
natural insect pheromones and other chemical signals might boost pest control tactics by efficiently attracting or 
repelling certain species, leading to more ecologically favorable agriculture methods [8].  
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3.2 Ecological Interactions 

Understanding the ecological activities of insects, including pollination and nutrient cycling, reveals the necessity 
for techniques that conserve beneficial species while regulating invasive populations [9]. The emphasis should thus 
be on protecting such vital insects when it comes to creating sustainable strategies for pest management. In this 
sense, protecting ecosystem health and agricultural productivity will hinge on the depends on farmers creating con-
ditions that support the conservation of beneficial insects through habitat restoration and promotion of varied agri-
cultural systems [10]. Growing public knowledge of the benefits of insect biodiversity might potentially encourage 
efforts to limit pesticide usage and enhance integrated agricultural techniques [11]. 

3.3 Resistance Mechanisms 

A deeper knowledge of the mechanisms of insecticide resistance may lead to the invention of newer and more 
ecologically suitable solutions for pest management [12]. Studies on the metabolic and genetic basis of resistance 
may suggest some techniques for postponing the development of resistance. Rotation or combination of the usage 
of drugs with diverse mechanisms of action may lead to a further delay of resistance and occasionally even to more 
effective management [13]. This also involves resistance management and monitoring approaches so that the farmer 
may have a chance to adjust strategies in case new information is available and to come up with more efficient ways 
of pest control [14]. 

Table 1. Key Aspects of Insect Biology in Sustainable Pest Control 

Key Area Details References 

Physiology and Behavior 
Insect physiology, reproduction, metabolism, and sensory perception play a key role 
in designing biopesticides and repellents that target specific metabolic pathways of 

pests. 
[15-16] 

Ecological Interactions Understanding insects’ roles in pollination and nutrient cycling highlights the need 
for strategies that conserve beneficial species while regulating pests. [17] 

Resistance Mechanisms Insights into the metabolic and genetic basis of resistance can help design better pest 
control methods and delay resistance development. [18-19] 

Insecticide Toxicity 
Assessing the toxicity of different insecticides on pest species is essential for mini-

mizing adverse effects on non-target organisms and promoting environmentally safe 
practices. 

[20-21] 

Behavioral Control 
Taking advantage of insect behavior, including attraction for pheromones and avoid-
ance of certain stimuli, could be helpful in the development of more focused and sus-

tained management methods. 
[22] 

Biological Control Integrating natural predators and parasitoids into pest management can enhance eco-
logical balance and reduce dependence on chemical pesticides. [23] 

4. Biocontrol Strategies 
Diseases, parasitoids, and natural predators are all utilized in biological management to reduce the number of para-
sites. Recent advancements include 

4.1 Microbial Biopesticides 

The scientific use of pathogenic bacteria, fungi, and viruses that selectively target pest species while avoiding harm 
to non-target organisms is a promising technique for sustainable pest control [24]. These biological control com-
pounds may impact insect populations by several processes, such as infection, competition, or the production of 
inhibitory compounds. By effectively identifying and distributing these microbial biocontrol agents, growers can 
achieve effective pest control without harmful impacts on the environment [25]. Using these biological control 
strategies in present management systems may enhance resistance against pests, increasing crop health as well as 
ecological equilibrium. 

4.2 Biological Control Conservation 

Naturally occurring pest adversaries, ladybugs and lacewings, flourish under better living circumstances that reduce 
the pressure from pests [26]. Maintaining hedgerows encircling the area or planting enough flowering plants would 
help create favorable habitat conditions. Enhancing the natural predator habitat of pests is one method that farmers 
may use for biological management of their crops [27]. This would enhance the balance of nature and minimize the 
need for chemical pest control measures. 
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4.3 Integrated Pest Management (IPM) 

Integrating biocontrol with other cultural practices and monitoring may boost an agricultural system’s sustainability 
while minimizing environmental concerns [28]. The adoption of management methods, including crop rotation, 
intercropping, and sanitation, minimizes the size of the insect populations, boosting the efficacy of the biocontrol 
agent. All beneficial and pest species must be regularly monitored to intervene at a suitable moment and thereby 
make the management methods dynamic depending on changing conditions [29]. This integrated strategy enables 
sustained management of pests, an increase in soil health and biodiversity, increased crop productivity, and ecosys-
tem resilience. 

Table 2. Biocontrol Strategies for Sustainable Pest Management 

Biocontrol Strategy Description References 

Microbial Biopesticides 
Utilization of bacteria, fungi, and viruses that selectively target pest species without 
adversely affecting non-target organisms, acting through infection, competition, or 

the production of inhibitory metabolites. 
[24-25] 

Conservation Biological 
Control 

Enhancement of habitats for natural enemies, such as lady beetles and lacewings, 
through practices including hedgerow maintenance and the establishment of flower-

ing plants, thereby reducing pest pressure. 
[30-31] 

Integrated Pest Management 
(IPM) 

Integration of biological control with cultural practices, including crop rotation, in-
tercropping, and field sanitation, to suppress pest populations, monitor pest dynam-

ics, and improve long-term sustainability. 
[32] 

Augmentative Biological 
Control 

Release of mass-reared natural enemies to supplement existing predator and parasi-
toid populations, enhancing pest regulation when native natural enemies are insuffi-

cient. 
[33] 

Biopesticide Resistance 
Management 

Implementation of resistance-management strategies, such as rotation or a combina-
tion of biocontrol agents with complementary control measures, to maintain the ef-

fectiveness and longevity of biocontrol interventions. 
[34] 

5. Precision Farming Technologies 

The application of the following improved technologies in precision agriculture will lead to enhanced environmental 
sustainability by managing pests: 

5.1 Remote Sensing and Drones 

This would enable the usage of drones and satellite imagery for monitoring insect populations and crop health to 
support management decisions, thereby decreasing the administration of pesticides in a blanket way [35]. They 
provide real-time insight into the state of the crops and the distribution of pests; they help farmers make educated 
decisions on where and when treatments are essential or should be carried out [36]. Farmers are free to designate 
areas of concern where resource utilization may be maximized, combined with lowering environmental effects and 
boosting total crop production, promoting sustainable farming approaches [37].   

5.2 Data Analytics and AI 

Analytics of pest dynamics and environmental variables can enable faster, more informed decisions with reduced 
chemical use in pest management [38]. By applying modern analytics to predictive models, farmers will be able to 
find trends in and predict insect outbreaks before they take a turn for the worse. It is also connected with weather 
forecasts and ecological information for decision-making on monitoring scheduled management operations against 
changes in environmental conditions [39]. It guarantees that the control methods become much more successful 
through correct data driving the plan, aiming towards sustainable agriculture by reducing pesticide application and 
keeping ecological balance [40]. 

5.3 Automated insect identification 

Automation of early insect detection systems will decrease dependency on broad-spectrum pesticides by producing 
rapid and correct responses [41]. These include smart traps, sensors, and AI-enabled analytics to identify the 
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presence of insects and their population levels in near real-time to allow targeted applications. By recognizing pests 
at their early stages, farmers may adopt limited control approaches, limiting the effect on beneficial species and the 
environment [42]. This revolutionary technology not only boosts pest control efficacy but also contributes to the 
general sustainability of agricultural operations [43]. 

6. Genetic Technologies 

Developments in genetic technology provide exciting opportunities to increase environmental safety. 

6.1 Genome Editing 

With the help of technologies like CRISPR, crops will be able to withstand pests, which will minimize the need for 
chemical treatments [44]. Through genetic alteration, scientists change the crops’ innate hardiness that causes insect 
sensitivity. This normally suggests that there will be large yields with less loss, as they grow less vulnerable [45]. 
CRISPR achieves this more rapidly than traditional breeding and has created new paths in accomplishing the work 
of producing resilient variations at a rate substantially unmatched by conventional ways [46]. This will also con-
tribute to enhanced biodiversity since one will require less reliance on chemical pesticides, hence enabling better 
environments and more sustainable means of farming. 

6.2 Transgenic Approaches 

Some of the major problems linked with their application to agricultural operations include public acceptability and 
regulatory limits [47]. All this will need good communication regarding the safety and advantages of GMOs to earn 
customer trust and relieve apprehensions associated with their usage. Furthermore, interaction with regulatory or-
ganizations ensures that GMOs are examined for environmental impact and food safety, supporting responsible 
adoption [48]. The agriculture sector may maximize its capacity for enhancing sustainable pest management while 
resolving the challenges related to GMO incorporation by including stakeholders, particularly consumers, farmers, 
and legislators [49]. 

6.3 Gene Drives 

Better gene drives impact insects’ capacity for reproduction, therefore lowering populations and opening novel pos-
sibilities for controlling pests [50]. These variables enhance the transmission of genetic characteristics that limit 
reproduction or induce death within species of pest, which may lead to population decline or disruption of popula-
tions. This may be of use in the control of invasive insects and vectors of diseases that have devastating impacts on 
public health and agricultural production. While these new technologies should go a long way in supporting sus-
tainability, their implications on ecology must be examined with ethical concern to ensure that development and 
deployment do not interact negatively with natural ecosystems [51]. 

Table 3. Genetic Technologies for Sustainable Pest Management 

Genetic Technology Description References 

Genome Editing 
Genome-editing tools, such as CRISPR-based systems, enable the develop-
ment of crop varieties with enhanced resistance to insect pests, reducing de-

pendence on chemical pesticides by improving plant resilience. 
[52] 

Transgenic Approaches 
Transgenic crops can be engineered to express pest-resistant traits; however, 

their adoption is influenced by public perception, regulatory frameworks, 
and the need for effective stakeholder communication. 

[53] 

Gene Drives 
Gene drive technologies can suppress or modify pest populations by altering 
reproductive capabilities, offering novel tools for managing invasive species 

and disease vectors, while requiring careful ecological risk assessment. 
[54] 

Marker-Assisted Selection 
Marker-assisted selection accelerates crop breeding programs by employing 
molecular markers to identify and incorporate desirable traits, including en-

hanced resistance to insect pests. 
[55] 

Synthetic Biology 
Synthetic biology enables the design of novel biological systems or the 

modification of existing organisms to enhance pest resistance and introduce 
other agriculturally beneficial traits. 

[56] 
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7. Challenges and Future Directions 

While the integration of insect biology with contemporary technology has tremendous potential, numerous chal-
lenges have yet to be overcome: 

7.1 Regulatory Hurdles 

Laws controlling GMOs and biocontrol agents are a barrier to the adoption rates of novel techniques due to the slow 
implementation of such laws [57]. Excessive and extensive procedures for licensing, with rigorous inspection to 
ensure safety, might impede timely access to such useful technology and, thus, the farmers’ capacity to control the 
pests successfully [58]. Further fine-tuning of the regulatory procedures and communication between the scientists, 
the industry players, and the numerous regulatory authorities will bring forward speedier adoption of best practices. 
Besides the foregoing, public knowledge and education on the safety and efficacy of biocontrol agents and GMOs 
would also be improved and may enable better public support for their deployment, thus helping toward agricultural 
resilience and sustainability [59]. 

 
Figure 2. Future Directions for Sustainable Agricultural Development. 

7.2 Public Perception 

Consumer concerns must be addressed if genetic advances and biopesticides are to be effectively incorporated into 
traditional agriculture [60]. Proper education about the benefits, safety, and environmental impacts of these things 
can overcome public ignorance and fears.  Active educational outreach programs and community-based activities 
foster engagement and understanding among stakeholders. Additionally, information on the legislative norm should 
be more readily available, and involving users in decision-making can help build consumer trust in the ethical use 
of such technologies, thereby facilitating greater diffusion into environmentally friendly farming [61, 62].   

7.3 Research & Development 

The complete potential of insect biology in contributing to this effort necessitates continued investment in R&D 
linked to sustainable agricultural solutions [63]. This may be developed via resistant cultivars, expanding biological 
control technologies, and increasing the adoption of ecologically friendly activities through sponsorship for creative 
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research. Collaborative initiatives involving educational organizations, industry, and regulatory bodies may hasten 
the translation of research results into practical implementations, ultimately promoting the trend towards more sus-
tainable agricultural systems [64, 65]. 

8. Conclusion 

The merging of insect biology and modern agricultural technology allows environmental conservation in agriculture. 
Adoption of more environmentally friendly pest control strategies that seek a healthy environment decreases the 
heavy dependence on chemical pesticides and enables the cultivation of healthier ecosystems. Collaboration among 
academics, policymakers, and practitioners is essential in achieving the realization of the promise these advance-
ments hold for an ecologically sustainable future for agriculture. Additionally, the investment in education and 
training programs will further allow farmers to put in place strategic measures that improve resilience against pest 
threats. In this attitude, as we move forward, continuing to learn and adapting, we can make sure agriculture serves 
current food needs but is supportive of the environment in the future. 

References 
[1] Heeb L, Jenner E, Cock MJ. Climate-smart pest management: building resilience of farms and landscapes to changing pest threats. 

J Pest Sci. 2019;92(3):951-69. 

[2] Pathak VM, Verma VK, Rawat BS, Kaur B, Babu N, Sharma A, et al. Current status of pesticide effects on environment, human 
health and it’s eco-friendly management as bioremediation: A comprehensive review. Front Microbiol. 2022;13:962619. 

[3] Aarif KO M, Alam A, Hotak Y. Smart sensor technologies shaping the future of precision agriculture: Recent advances and 
future outlooks. J Sens. 2025;2025(1):2460098. doi:10.1155/js/2460098. 

[4] Karlsson Green K, Stenberg JA, Lankinen Å. Making sense of Integrated Pest Management (IPM) in the light of evolution. Evol 
Appl. 2020;13(8):1791-805. 

[5] Ali MA, Abdellah IM, Eletmany MR. Towards sustainable management of insect pests: Protecting food security through 
Ecological Intensification. Int J Chem Biochem Sci. 2023;24(4):386-94. 

[6] Singh S, Sharma P, Pal N, Sarma DK, Tiwari R, Kumar M. Holistic one health surveillance framework: synergizing 
environmental, animal, and human determinants for enhanced infectious disease management. ACS Infect Dis. 2024;10(3):808-
26. 

[7] Rizvi SAH, George J, Reddy GVP, Zeng X, Guerrero A. Latest developments in insect sex pheromone research and its application 
in agricultural pest management. Insects. 2021;12(6):484. 

[8] Shashank DU, Sujatha GS, Teja KSS, Hema AP, Mishra R, Abinaya S, et al. A Comprehensive Review of Advances in 
Semiochemical Exploitation for Insect Pest Management. J Adv Biol Biotechnol. 2024;27(9):845-63. 

[9] Gill RJ, Baldock KCR, Brown MJF, Cresswell JE, Dicks LV, Fountain MT, et al. Protecting an ecosystem service: approaches 
to understanding and mitigating threats to wild insect pollinators. In: Advances in Ecological Research. Vol. 54. Academic Press; 
2016. p. 135-206. 

[10] Hailay Gebremariam G. A Systematic Review of Insect Decline and Discovery: Trends, Drivers, and Conservation Strategies 
over the past Two Decades. Psyche (Camb Mass). 2024;2024(1):5998962. 

[11] Busse M, Zoll F, Siebert R, Bartels A, Bokelmann A, Scharschmidt P. How farmers think about insects: perceptions of 
biodiversity, biodiversity loss and attitudes towards insect-friendly farming practices. Biodivers Conserv. 2021;30:3045-66. 

[12] Siddiqui JA, Fan R, Naz H, Bamisile BS, Hafeez M, Ghani MI, et al. Insights into insecticide-resistance mechanisms in invasive 
species: Challenges and control strategies. Front Physiol. 2023;13:1112278. 

[13] Beckie HJ, Busi R, Lopez-Ruiz FJ, Umina PA. Herbicide resistance management strategies: how do they compare with those for 
insecticides, fungicides and antibiotics? Pest Manag Sci. 2021;77(7):3049-56. 

[14] Lamichhane JR, Aubertot JN, Begg G, Birch ANE, Boonekamp P, Dachbrodt-Saaydeh S, et al. Networking of integrated pest 
management: A powerful approach to address common challenges in agriculture. Crop Prot. 2016;89:139-51. 

[15] Ramesha NM, Mahanta D. Understanding Insect Behavior and Physiology for Effective Pest Management. Uttar Pradesh J Zool. 
2024;45(14):312-23. 

[16] Agarwal ML, Sunil V. Basic behavioural patterns in insects and applications of behavioural manipulation in insect pest 
management. J Entomol Zool Stud. 2020;8:991-6. 

[17] Barragán-Fonseca KB, Ortiz JE, García-Arteaga JD, Giron D. The role of insects in agri-food sustainability: Taking advantage 
of ecosystem services to achieve integrated insect management. Insects. 2025;16(8):866. 



Muhammad Asim Qaisrani, Muhammad Akhtar 
 

 

DOI: 10.26855/ijfsa.2026.03.005 38 International Journal of Food Science and Agriculture 
 

[18] Al Naggar Y, Fahmy NM, Alkhaibari AM, Al-Akeel RK, Alharbi HM, Mohamed A, et al. Mechanisms and Genetic Drivers of 
Resistance of Insect Pests to Insecticides and Approaches to Its Control. Toxics. 2025;13(8):681. doi:10.3390/toxics13080681. 

[19] Razzaq MK, Hina A, Abbasi A, Karikari B, Ashraf HJ, Mohiuddin M, et al. Molecular and genetic insights into secondary 
metabolic regulation underlying insect-pest resistance in legumes. Funct Integr Genomics. 2023;23(3):217. 

[20] Pereira JL, Antunes SC, Castro BB, et al. Toxicity evaluation of three pesticides on non-target aquatic and soil organisms: 
commercial formulation versus active ingredient. Ecotoxicology. 2009;18:455-63. doi:10.1007/s10646-009-0300-y. 

[21] Araújo MF, Castanheira EMS, Sousa SF. The Buzz on Insecticides: A Review of Uses, Molecular Structures, Targets, Adverse 
Effects, and Alternatives. Molecules. 2023;28:3641. doi:10.3390/molecules28083641. 

[22] Deletre E. Prospects for repellent in pest control: current developments and future challenges. Chemoecology. 2016;26:127-42. 
doi:10.1007/s00049-016-0214-0. 

[23] Baker BP, Green TA, Loker AJ. Biological control and integrated pest management in organic and conventional systems. Biol 
Control. 2020;140:104095. 

[24] Khursheed A, Rather MA, Jain V, Rasool S, Nazir R, Malik NA. Plant based natural products as potential ecofriendly and safer 
biopesticides: A comprehensive overview of their advantages over conventional pesticides, limitations and regulatory aspects. 
Microb Pathog. 2022;173:105854. 

[25] Elnahal AS, El-Saadony MT, Saad AM, Desoky ESM, El-Tahan AM, Rady MM, et al. The use of microbial inoculants for 
biological control, plant growth promotion, and sustainable agriculture: A review. Eur J Plant Pathol. 2022;162(4):759-92. 

[26] Humphreys RK. Predator-prey behavioural interactions on plants, with special emphasis on aphid dropping defence and ladybird 
search strategies [doctoral thesis]. St Andrews: The University of St Andrews; 2022. 

[27] Tscharntke T, Karp DS, Chaplin-Kramer R, Batáry P, DeClerck F, Gratton C, et al. When natural habitat fails to enhance 
biological pest control – Five hypotheses. Biol Conserv. 2016;204:449-58. 

[28] Gonzalez F. New opportunities for the integration of microorganisms into biological pest control systems in greenhouse crops. J 
Pest Sci. 2016;89:295-311. doi:10.1007/s10340-016-0751-x. 

[29] Tonnang HEZ, Hervé BDB, Biber-Freudenberger L, Salifu D, Subramanian S, Ngowi VB, et al. Advances in crop insect 
modelling methods—Towards a whole system approach. Ecol Modell. 2017;354:88-103. 

[30] Holland JM. Structure, function and management of semi-natural habitats for conservation biological control: a review of 
European studies. Pest Manag Sci. 2016;72(9):1638-51. 

[31] van Emden HF. Conservation biological control: from theory to practice. In: Proceedings of the International Symposium on 
Biological Control of Arthropods; 2002 Jan 14-18;. p. 14-8. 

[32] Ahmad N. Pest Management in Agriculture: Integrated Approaches for Sustainable Control. Frontiers in Agriculture. 
2024;1(2):416-43. [Journal not indexed; name retained as published] 

[33] Sivinski J. Augmentative biological control: research and methods to help make it work. CABI Rev. 2014;(2013):1-11. 

[34] Buitenhuis R, Cock MJW, Colmenarez YC, De Clercq P, Edgington S, Gadaleta P, et al. Sustainable use and conservation of 
microbial and invertebrate biological control agents and microbial biostimulants. Rome: FAO; 2023. 

[35] Mourya PK, Singh JK, Chaudhary P, Chaudhary AK, Upadhayay V. Role of Drone Technology in Insect Pest Management. 
2024. [Source unclear; not a journal] 

[36] Evans KJ, Terhorst A, Kang BH. From data to decisions: helping crop producers build their actionable knowledge. Crit Rev Plant 
Sci. 2017;36(2):71-88. 

[37] Struik PC, Kuyper TW. Sustainable intensification in agriculture: the richer shade of green. A review. Agron Sustain Dev. 
2017;37:1-15. 

[38] Li C, Wang M. Pest and disease management in agricultural production with artificial intelligence: Innovative applications and 
development trends. Adv Resour Res. 2024;4(3):381-401. 

[39] Tommasi D. Managing living marine resources in a dynamic environment: the role of seasonal to decadal climate forecasts. Prog 
Oceanogr. 2017;152:15-49. 

[40] Jacquet F, Jeuffroy MH, Jouan J, Le Cadre E, Litrico I, Malausa T, et al. Pesticide-free agriculture as a new paradigm for research. 
Agron Sustain Dev. 2022;42(1):8. 

[41] Shedole ST, Madhu YB. Automated Pest Detection and Control in Agriculture using IoT and Image Processing. J Surv Fish Sci. 
2019;106-16. 

[42] Bottrell DG, Schoenly KG. Integrated pest management for resource-limited farmers: challenges for achieving ecological, social 
and economic sustainability. J Agric Sci. 2018;156(3):408-26. 

[43] Kalogiannidis S. Role of crop-protection technologies in sustainable agricultural productivity and management. Land. 
2022;11(10):1680. 



Muhammad Asim Qaisrani, Muhammad Akhtar 
 

 

DOI: 10.26855/ijfsa.2026.03.005 39 International Journal of Food Science and Agriculture 

 

[44] Komal J. Unveiling the Genetic Symphony: Harnessing CRISPR-Cas Genome Editing for Effective Insect Pest Management. 
Plants. 2023;12:3961. doi:10.3390/plants12233961. 

[45] Munaweera TIK. Modern plant biotechnology as a strategy in addressing climate change and attaining food security. Agric Food 
Secur. 2022;11(1):1-28. 

[46] Khan MR, Rehman N. Implementation of novel genomic and biotechnological interventions for accelerated breeding of crops. 
In: Plant Speed Breeding and High-Throughput Technologies. Boca Raton: CRC Press; 2024. p. 53-81. 

[47] Jain A. Nanomaterials in food and agriculture: an overview on their safety concerns and regulatory issues. Crit Rev Food Sci 
Nutr. 2018;58(2):297-317. 

[48] Tizard M. Strategies to enable the adoption of animal biotechnology to sustainably improve global food safety and security. 
Transgenic Res. 2016;25:575-95. 

[49] Zilberman D. Agricultural GMOs—what we know and where scientists disagree. Sustainability. 2018;10(5):1514. 

[50] Zhao Y. Advancements and Future Prospects of CRISPR-Cas-Based Population Replacement Strategies in Insect Pest 
Management. Insects. 2024;15:653. doi:10.3390/insects15090653. 

[51] Clapp J, Ruder SL. Precision technologies for agriculture: Digital farming, gene-edited crops, and the politics of sustainability. 
Glob Environ Polit. 2020;20(3):49-69. 

[52] Moon TT. CRISPR-Cas Genome Editing for Insect Pest Stress Management in Crop Plants. Stresses. 2022;2:493-514. 
doi:10.3390/stresses2040034. 

[53] Kavhiza NJ. Improving Crop Productivity and Ensuring Food Security through the Adoption of Genetically Modified Crops in 
Sub-Saharan Africa. Agronomy. 2022;12:439. doi:10.3390/agronomy12020439. 

[54] Legros M. Gene drive strategies of pest control in agricultural systems: Challenges and opportunities. Evol Appl. 
2021;14(9):2162-78. 

[55] Kumar R. Advances in genomic tools for plant breeding: harnessing DNA molecular markers, genomic selection, and genome 
editing. Biol Res. 2024;57(1):80. 

[56] Pixley KV. Genome editing, gene drives, and synthetic biology: will they contribute to disease-resistant crops, and who will 
benefit? Annu Rev Phytopathol. 2019;57(1):165-88. 

[57] Wesseler J. EU regulation of genetically modified microorganisms in light of new policy developments: Possible implications 
for EU bioeconomy investments. Appl Econ Perspect Policy. 2023;45(2):839-59. 

[58] Bain C, Lindberg S, Selfa T. Emerging sociotechnical imaginaries for gene edited crops for foods in the United States: 
implications for governance. Agric Hum Values. 2020;37:265-79. 

[59] Gildea L, Ayariga JA, Robertson BK. Bacteriophages as biocontrol agents in livestock food production. Microorganisms. 
2022;10(11):2126. 

[60] Thakur N, Kaur S. Microbial biopesticides: current status and advancement. In: New and Future Developments in Microbial 
Biotechnology and Bioengineering. Elsevier; 2020. p. 243-82. 

[61] Blouin DD, Perry EM. Whom does service learning really serve? Community-based organizations’ perspectives on service 
learning. Teach Sociol. 2009;37(2):120-35. 

[62] Rose DC, Keating C, Morris C. Understanding how to influence farmers’ decision-making behaviour: a social science literature 
review. 2018. [Report, not a journal] 

[63] Lange L. Developing a sustainable and circular bio-based economy in EU: by partnering across sectors, upscaling and using new 
knowledge faster, and for the benefit of climate, environment & biodiversity, and people & business. Front Bioeng Biotechnol. 
2021;8:619066. 

[64] Wyckhuys KAG. Maximizing farm-level uptake and diffusion of biological control innovations in today’s digital era. BioControl. 
2018;63(1):133-48. 

[65] Janssen SJC. Towards a new generation of agricultural system data, models and knowledge products: Information and 
communication technology. Agric Syst. 2017;155:200-12. 


