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Abstract— Insects play a dual role in agriculture, acting both as destructive pests and indispensable pollinators. As 

the global demand for food increases and environmental sustainability becomes paramount, entomology emerges as 

a vital discipline for addressing these intersecting challenges. This review explores recent advancements in 

agricultural entomology that are reshaping pest management and pollinator conservation. Key developments include 

the evolution of Integrated Pest Management (IPM) toward ecologically sound practices like RNA interference (RNAi) 

and intercropping, alongside the expansion of biological control using natural enemies such as Chrysoperla carnea 

and Trichogramma spp. Parallel to pest control, the conservation of pollinators—bees, butterflies, and hover flies—

has gained urgency, with strategies like wildflower strips and diversified farming showing promise in enhancing 

ecosystem services. Precision technologies, including drones, GIS, and acoustic sensors, now enable real-time 

monitoring of insect activity, supporting informed decision-making at the farm level. Despite these advancements, 

challenges such as invasive species, pesticide resistance, and limited access to technology for smallholder farmers 

persist. Future directions call for scalable RNAi delivery systems, genetically enhanced biological control agents, 

global pollinator initiatives, and AI-integrated decision-support tools. This synthesis of current research highlights 

how entomology offers a roadmap for sustainable agriculture—bridging innovation with ecological balance and 

ensuring global food security in a rapidly changing world. 
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I. INTRODUCTION 

Insects are the heartbeat of agriculture, shaping the success 

or failure of crops in fields across the globe. Some, like the 

fall armyworm, can wipe out entire harvests, causing up to 

20% yield losses in staple crops (Oerke, 2020). Others, like 

bees and butterflies, are the unsung heroes behind 75% of 

global food production through pollination (Klein et al., 

2021). As the world grapples with feeding a growing 

population while protecting fragile ecosystems, entomology 

has become a cornerstone of sustainable farming. Recent 

breakthroughs are changing the game, offering farmers 

smarter ways to manage pests and support beneficial insects 

without leaning on harmful chemicals. Studies in journals 

like Agricultural and Forest Entomology and Journal of 

Economic Entomology reveal how far we’ve come, from 

using RNA interference to target pests like Myzus persicae 

with precision (Yu et al., 2023) to planting wildflower strips 

that boost pollinator populations (Garratt et al., 2023). 

Innovations like drones and GIS are helping farmers track 

insect activity in real time (Rahman et al., 2024), while 

biological controls, such as predatory Chrysoperla carnea, 

tackle pests naturally (Bateman et al., 2023). Yet, challenges 

like invasive species and pesticide resistance loom large, 

threatening food security (Prasanna et al., 2022; Van 

Leeuwen et al., 2023). This review dives into these 

advancements, weaving together insights from cutting-edge 

research to show how entomology is paving the way for 

sustainable agriculture. By exploring solutions to pest 

management, pollinator decline, and ecosystem health, it 

offers a roadmap for farmers and researchers to grow food 

in harmony with nature (Potts et al., 2021; IPBES, 2022; 

Sharma et al., 2022; Christiaens et al., 2020). 

Integrated Pest Management (IPM) Evolution 
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IPM has evolved from reliance on chemical pesticides to 

holistic strategies integrating cultural, biological, and 

chemical methods. Modern IPM prioritizes sustainability by 

reducing pesticide use and enhancing crop resilience. For 

example, intercropping chickpeas with coriander reduces 

Helicoverpa armigera damage by disrupting pest host-

finding (Sharma et al., 2022). RNA interference (RNAi)-

based pesticides, which silence specific insect genes, offer 

targeted pest control with minimal environmental impact 

(Christiaens et al., 2020). Studies on Myzus persicae show 

RNAi reduces aphid reproduction without harming non-

target species (Yu et al., 2023). Additionally, host plant 

resistance, such as Bt crops, remains effective against 

lepidopteran pests like Spodoptera frugiperda (Huang et al., 

2021). However, resistance management is critical, as 

Plutella xylostella has developed resistance to multiple 

insecticides (Li et al., 2024). IPM’s future lies in combining 

these tools with precision agriculture to optimize pest 

control. 

Biological Control Innovations 

Biological control uses natural enemies—predators, 

parasitoids, and pathogens—to suppress pest populations. 

Recent studies highlight the efficacy of predatory insects 

like Chrysoperla carnea against Spodoptera spp., despite 

prey defenses like regurgitation (Bateman et al., 2023). 

Entomopathogenic fungi, such as Beauveria bassiana, 

control pests like Varroa destructor in honey bee colonies, 

though commercial scalability remains a challenge 

(Hamiduzzaman et al., 2022). In Brazil, organic farming 

enhances natural predator prevalence in fire ant (Solenopsis 

spp.) nests, reducing chemical reliance (Nagatani et al., 

2025). Parasitoids, like Trichogramma spp., are 

increasingly used against moth pests in maize (Wang et al., 

2023). Advances in rearing techniques, such as automated 

mass production of parasitoids, improve cost-effectiveness 

(Sivinski et al., 2021). However, field trials are needed to 

validate laboratory results and ensure ecological safety. 

Pollinator Conservation and Ecosystem Services 

Pollinators, including honey bees (Apis mellifera), 

bumblebees (Bombus spp.), and hover flies (Syrphidae), are 

essential for global food production. Pesticide exposure and 

habitat loss threaten pollinator populations, reducing crop 

yields (Potts et al., 2021). Intercropping flowering plants in 

maize systems boosts pollinator diversity and pollination 

efficiency (Norris et al., 2018). Research in Ecological 

Entomology shows hover fly migrations redistribute 

pollination services across landscapes (Wotton et al., 2022). 

Conservation strategies, such as creating wildflower strips, 

enhance pollinator habitats (Garratt et al., 2023). Studies on 

Bombus terrestris demonstrate that diversified farming 

systems improve nest survival (Samuelson et al., 2024). 

Additionally, reducing neonicotinoid use mitigates 

sublethal effects on bee cognition (Siviter et al., 2021). 

These efforts underscore the need for landscape-level 

conservation to sustain ecosystem services. 

Precision Technologies in Entomological Monitoring 

Technological advancements have revolutionized 

entomological monitoring in agriculture. Computer vision 

systems identify dung beetles on farms, enabling rapid 

biodiversity assessments (Manning et al., 2023). Acoustic 

monitoring detects cryptic pests like wood-boring beetles, 

improving early warning systems (Johnson et al., 2022). 

GIS-based tools map pest and pollinator distributions, 

aiding precision IPM (Rahman et al., 2024). Metagenomic 

analysis reveals insect microbiome roles in pesticide 

resistance, as seen in termites (Reticulitermes spp.) 

(Raychoudhury et al., 2023). Drones equipped with 

multispectral cameras monitor pest outbreaks in real time, 

optimizing control measures (Li et al., 2025). For example, 

satellite tracking of Locusta migratoria swarms in East 

Africa has improved forecasting models (Meynard et al., 

2024). However, data standardization and accessibility 

remain barriers to widespread adoption. 

Challenges in Agricultural Entomology 

Despite progress, agricultural entomology faces significant 

challenges. Invasive pests, such as Spodoptera frugiperda, 

have spread across Africa and Asia, causing billions in 

losses (Prasanna et al., 2022). Pesticide resistance in species 

like Tetranychus urticae complicates control efforts (Van 

Leeuwen et al., 2023). Pollinator declines, driven by climate 

change and habitat fragmentation, threaten food security 

(Dicks et al., 2021). Scaling RNAi-based pesticides requires 

overcoming delivery challenges, such as oral uptake in 

target pests (Zhu et al., 2023). Biological control agents 

often face regulatory hurdles and ecological risks, such as 

non-target effects (Barratt et al., 2022). Additionally, 

precision technologies are costly, limiting access for 

smallholder farmers in developing regions (FAO, 2024). 

Addressing these challenges requires interdisciplinary 

collaboration and policy support. 

 

II. FUTURE DIRECTIONS 

Future entomological research should focus on scalable, 

sustainable solutions. Developing cost-effective RNAi 

delivery systems, such as nanoparticle-based sprays, could 

revolutionize pest control (Zhang et al., 2024). Enhancing 

biological control through genetic engineering of predators 

or pathogens may improve efficacy (Liu et al., 2023). 

Pollinator conservation requires global initiatives to restore 

habitats and regulate pesticides (IPBES, 2022). Integrating 

precision technologies with AI-driven decision support 
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systems could optimize IPM for smallholder farmers (Smith 

et al., 2025). Strengthening quarantine systems to prevent 

invasive pest spread is critical, as seen with Bactrocera 

dorsalis (CABI, 2023). International data-sharing platforms 

for entomological monitoring could standardize practices 

and enhance global collaboration (Walter et al., 2024). 

These directions will ensure entomology supports 

sustainable agriculture in a changing world. 

 

III. CONCLUSION 

The world of insects is a powerful force in shaping how we 

grow food, and recent strides in entomological research are 

paving the way for a more sustainable future. From 

outsmarting pests with targeted methods like RNA 

interference to protecting vital pollinators like bees and 

hover flies, scientists are finding ways to work with nature 

rather than against it. Innovations like drones and computer 

vision are giving farmers real-time insights, helping them 

stay one step ahead of crop-damaging insects while 

preserving ecosystems. Yet, the road ahead isn’t without 

bumps—invading pests, resistant bugs, and declining 

pollinator populations remind us that the work is far from 

done. By building on these discoveries, from smarter pest 

control to habitat restoration, we can tackle these challenges 

head-on. The promise of entomology lies in its ability to 

blend cutting-edge science with practical solutions, 

ensuring farms thrive without harming the environment. For 

farmers in remote fields or policymakers planning for food 

security, these advances offer hope and tools to make a 

difference. As we look forward, investing in research, 

sharing knowledge globally, and making new technologies 

accessible will be key to keeping our crops safe and our 

ecosystems healthy. Entomology isn’t just about studying 

bugs—it’s about securing a future where agriculture and 

nature coexist, feeding the world while keeping it green. 
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