


Review Article
Exploring the Intersection of Entomology and Agronomic Practices for Sustainable Agriculture

Abstract
The integration of entomology with agronomic practices is vital for the advancement of sustainable agricultural systems. This paper explores the relationship between entomological studies and agronomic practices, focusing on pest management, crop protection, and ecosystem services provided by insects. By examining the role of beneficial insects in pollination, soil aeration, and natural pest control, this paper highlights how integrating entomology with agronomy can enhance productivity while reducing reliance on chemical inputs. The study emphasizes the importance of ecological approaches in pest management and the need for interdisciplinary research to promote sustainable agriculture. The paper concludes with recommendations for further research and practical applications of entomology in modern agricultural practices.
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1. Introduction
Entomology, the scientific study of insects, plays a pivotal role in agriculture by informing strategies for pest control, enhancing beneficial insect populations, and contributing to overall ecosystem health (Tiwari, 2024).  Understanding insect behavior, life cycles, and interactions with crops is crucial for developing sustainable agricultural practices that minimize environmental impact and maximize productivity (Ilieva et al., 2025). This interdisciplinary field, therefore, forms the bedrock for innovative approaches to crop protection and yield optimization within modern farming systems (Chandel et al., 2024). Furthermore, the intricate relationships between insects and agricultural ecosystems necessitate a comprehensive understanding of both pestiferous and beneficial species to devise effective and ecologically sound management strategies (Khan, 2024). Agronomy, encompassing the science and technology of managing crops and soil for various outputs, fundamentally relies on these entomological insights to foster sustainable agricultural prosperity globally (Mohanty et al., 2024). This integration allows for the optimization of agronomic factors such as plant density, row spacing, and crop diversification, which are critical for realizing genetic yield potentials while simultaneously supporting beneficial insect populations and disrupting pest cycles (Mohanty et al., 2024). By integrating entomological research with agronomic control methods, such as resistant cultivar breeding, soil fertilization, and irrigation, crop yields can be significantly increased while minimizing the environmental impact of pesticide use (Sharma et al., 2024). This holistic approach, central to Integrated Pest Management, optimizes resource utilization and ensures ecological balance within agricultural landscapes (Tiwari, 2024). Moreover, advanced biotechnological and digital tools are increasingly leveraged to monitor insect populations, predict outbreaks, and precisely apply interventions, thereby enhancing the efficacy and sustainability of pest control strategies (Sharma, 2023). These innovations facilitate precision pest management, reducing crop losses and promoting sustainable agricultural development (Ray et al., 2025). 
This includes their contributions as pollinators, natural enemies of pests, and decomposers, all of which are critical for maintaining ecological balance and agricultural productivity without heavy reliance on synthetic inputs (Ilieva et al., 2025).  The intricate interplay between insects and agroecosystems underscores their indispensable role in nutrient cycling, soil health, and overall biodiversity maintenance, directly contributing to the resilience and sustainability of farming systems (Verma et al., 2023). Specifically, insect biodiversity within agricultural landscapes enhances ecosystem services, leading to more robust and productive agroecosystems (Pryke et al., 2022). This is particularly evident in the provisioning, regulating, supporting, and cultural services they offer, highlighting their multifaceted value beyond simple pest or pollinator roles (Barragán–Fonseca et al., 2025). Moreover, the preservation and enhancement of insect diversity are pivotal for mitigating the adverse effects of climate change on agricultural systems by bolstering natural pest control and pollination services (John et al., 2024; Umar et al., 2022). Integrated Pest Management, a cornerstone of sustainable agriculture, actively leverages these insect-mediated ecological services by combining various pest control techniques to limit pest populations while minimizing risks to human health and the environment (Sharma et al., 2024). This comprehensive, ecological approach integrates cultural, biological, and chemical methods to maintain pest populations below economic thresholds, thereby optimizing economic, ecological, and social outcomes through sustainable practices (Xing & Wang, 2024; Zhou et al., 2024). 
2. Entomology and Pest Management
2.1 Integrated Pest Management (IPM)
Integrated Pest Management (IPM) is a holistic approach to managing pests through a combination of biological, cultural, mechanical, and chemical strategies (Singh and Mourya, 2024). The core principle of IPM is to use a variety of pest control methods that are environmentally responsible and economically viable. This strategy emphasizes the use of biological control agents, such as natural predators or parasitoids, to reduce pest populations (Nguyen et al., 2025). Cultural practices like crop rotation, proper spacing, and the use of resistant crop varieties further help to minimize pest establishment (Finger, 2025). Mechanical methods, such as traps and barriers, are employed to physically control pest populations. Chemical control is used only when other methods fail and is done in a targeted manner to minimize environmental impact. IPM aims to achieve long-term pest management while minimizing pesticide use, reducing harm to non-target organisms, and enhancing biodiversity (Mansoor et al., 2025).
2.2 Biological Control Methods
Biological control involves the use of natural enemies—such as predators, parasitoids, and pathogens—to regulate pest populations. This method leverages the natural ecological interactions between pests and their enemies to keep pest numbers in check. Common biological control agents include ladybird beetles (predators of aphids), parasitic wasps (which target insect larvae), and beneficial nematodes (which control soil-dwelling pests) (Mendoza Jime ́nez et al., 2025). Additionally, entomopathogenic fungi and bacteria, such as Bacillus thuringiensis, are used to target specific pests while being safe for beneficial insects and humans. Biological control is highly specific, which reduces the risk of ecological imbalance (Nguyen et al., 2025). However, successful biological control requires thorough knowledge of the pest's life cycle and the biology of the natural enemy. For sustainable agriculture, biological control provides an eco-friendly alternative to chemical pesticides, enhancing long-term pest control and supporting biodiversity (Barathi et al., 2023). 
2.3 Insecticide Resistance and Alternatives
Insecticide resistance has emerged as a result of the extensive usage of pesticides, posing a serious problem for pest control. Insecticides become ineffective as pests develop resistance to their effects. This problem is exacerbated by the overuse or misuse of chemicals, leading to increased pest populations and reduced crop yields (Mendoza Jime ́nez et al., 2025). The mechanisms of resistance include genetic mutations that allow pests to metabolize or avoid insecticides more effectively. To combat insecticide resistance, it is crucial to implement integrated strategies, such as rotating insecticide classes, using lower doses, and combining chemical treatments with biological control and cultural practices (Singh et al., 2024). Additionally, new classes of insecticides, such as those targeting specific metabolic pathways in pests (e.g., neonicotinoids or insect growth regulators), offer potential alternatives. Moreover, research into the use of natural products, like plant-based insecticides and biopesticides, is growing, providing sustainable and less resistance-prone alternatives. Integrating multiple pest management strategies can help delay the onset of resistance and reduce dependence on chemical pesticides(Finger, 2025; Xie et al., 2025).
3. Pollination and Crop Productivity
3.1 Insects as Pollinators 
Insects, particularly bees, butterflies, and moths, play a critical role in the reproduction of over 75% of the world's leading food crops, directly impacting global food security and agricultural economies (Singh et al., 2024). Their essential service facilitates the fertilization of flowering plants, leading to fruit and seed production, which underpins the productivity of numerous agricultural systems (Barathi et al., 2023). This vital ecological function not only ensures crop yield but also significantly contributes to the genetic diversity and evolutionary resilience of plant species (Men et al., 2023). 
  
3.2 Benefits of Pollinator Diversity  
A diverse community of pollinators, encompassing various insect species, enhances the stability and efficiency of pollination services across different environmental conditions and crop types, safeguarding against fluctuations that could arise from relying on a single pollinator species (Pryke et al., 2022; Umar et al., 2022). For example, agricultural landscapes with greater insect diversity, including pollinators, provide more resilient ecosystem services amid challenges like climate change (John et al., 2024; Pryke et al., 2022). Studies in rice, maize, and wheat fields further highlight how diverse assemblages of Hymenoptera (e.g., bees) and other orders support pollination stability and agroecosystem balance (Umar et al., 2022). This diversity ensures that even if one pollinator species declines, others can compensate, maintaining essential crop production and ecosystem functions (Yarahmadi & Rajabpour, 2024). 
 3.3 Pollination and Crop Yield Enhancement 
Increased crop yields and better quality for a wide range of agricultural goods are strongly correlated with pollination, which improves food security and farmers' profits. For instance, insects assist pollination for over 75% of the world's top food crops, including fruits and vegetables, resulting in higher fruit set, larger sizes, and better growth that underlie agricultural productivity (Barathi et al., 2023; Men et al., 2023). Practical examples include apples benefiting from a 20-30% increase in fruit set via honeybees and wild bees, tomatoes showing 15-25% improved fruit size with bumblebees, and almonds gaining 30-40% higher nut production through honeybee pollination. These enhancements not only stabilise yields amid environmental challenges like climate change but also promote resilient agroecosystems by compensating for potential declines in individual pollinator species (John et al., 2024; Pryke et al., 2022; Umar et al., 2022). 
4. Soil Health and Insect Contributions
4.1 Soil Aeration and Fertility 
Insects contribute significantly to soil aeration and fertility through their burrowing activities, which create macropores that improve water infiltration and gas exchange, and by breaking down organic matter, which releases essential nutrients for plant growth (John et al., 2024). For instance, ants and termites construct extensive tunnel networks in agricultural soils like those in rice, maize, and wheat fields, enhancing soil structure and supporting ecosystem stability (Umar et al., 2022). Ground beetles and other decomposers further accelerate organic matter breakdown, promoting nutrient cycling critical for crop productivity (John et al., 2024).
4.2 Earthworms and Soil Microorganisms 
While not insects, earthworms significantly enhance soil health through bioturbation, creating channels that improve drainage and aeration, while also ingesting soil and organic matter, thereby facilitating nutrient cycling and microbial activity crucial for agricultural productivity (Barrios et al., 2017). These activities foster a symbiotic relationship between macroinvertebrates and microbial communities, where microorganisms decompose organic residues into plant-available forms, and earthworms redistribute these nutrients throughout the soil profile. 
4.3 Insect-Driven Decomposition 
Numerous insect species, such as ants, termites, ground beetles, springtails, and soil mites, contribute to the decomposition of organic matter, a fundamental process for nutrient cycling and maintaining soil health within agroecosystems (Diyaolu & Folarin, 2024; John et al., 2024). For example, ants and termites construct extensive tunnel networks in agricultural soils like those in rice, maize, and wheat fields, facilitating organic matter breakdown and nutrient release (Umar et al., 2022). Ground beetles and other decomposers accelerate this process, promoting soil structure, fertility, and crop productivity by releasing essential nutrients (John et al., 2024). As termites aid soil nutrient cycling across all crops, while beetles enhance soil structure, providing practical benefits like improved root growth in vegetables and root crops (John et al., 2024). 
5. Entomology in Agronomic Practices
5.1 Role in Crop Protection
Entomological practices harness beneficial insects for crop protection via biological control, where predators and parasitoids regulate pest populations naturally. For instance, diverse assemblages of Hymenoptera, Odonata, and Hemiptera in rice, maize, and wheat fields act as predators, contributing to pest control and agroecosystem stability (Umar et al., 2022). Ladybugs and ground beetles exemplify practical efficacy, reducing pest damage while minimizing chemical inputs, with biological control methods showing high effectiveness in integrated pest management strategies (Barathi et al., 2023; Diyaolu & Folarin, 2024; Yarahmadi & Rajabpour, 2024). Studies emphasize selective insecticides and habitat management to preserve these natural enemies, achieving sustainable pest suppression (Yarahmadi & Rajabpour, 2024).
5.2 Enhancing Crop Resilience
Insects bolster crop resilience by providing multifaceted ecosystem services, including pollination, nutrient cycling, and pest regulation, which buffer against environmental stressors like climate change (John et al., 2024; Pryke et al., 2022). Pollinator diversity ensures compensation if one species declines, maintaining yields in crops such as fruits and vegetables (Men et al., 2023; Umar et al., 2022). Decomposers like ants, termites, and beetles improve soil structure and fertility in rice, maize, and wheat systems, enhancing plant vigor and recovery from abiotic stresses (Diyaolu & Folarin, 2024; John et al., 2024). Practical data from agroecosystems demonstrate that higher insect diversity correlates with 53% increased crop yields and 86% lower pest incidence when combined with habitat enhancements (Barrios et al., 2017).
5.3 Managing Agricultural Pests Using Entomological Insights
Entomological insights enable targeted pest management by elucidating insect behavior, life cycles, and resistance mechanisms, informing IPM redesign (Finger, 2025). For example, transcriptome profiling identifies plant-derived chlorogenic acid as a biopesticide against rice white-backed planthoppers, offering eco-friendly alternatives via intercropping or genetic breeding (Xie et al., 2025). Practical applications include efficiency gains in pesticide use (first stage of IPM transition), substitution with biological controls, and system redesign via crop rotation and diversification, reducing pest pressure while preserving beneficial insects (Barathi et al., 2023; Finger, 2025). These approaches promote long-term resilience with high effectiveness in organic and row crop systems (Yarahmadi & Rajabpour, 2024).
6. Benefits of Insects in Agricultural Ecosystems
6.1 Biodiversity in Agricultural Systems
Insect biodiversity in agricultural systems enhances ecosystem resilience and productivity by supporting pollination, pest control, and nutrient cycling. For instance, increased tree cover, which fosters insect diversity, contributes to a 53% increase in tea crop yields, maintains 93% of crop pollinators found in natural forests, and results in up to 86% lower incidence of pests like the coffee berry borer when combined with nearby forest fragments (Barrios et al., 2017). Diverse assemblages of Hymenoptera, Odonata, and Hemiptera in rice, maize, and wheat fields promote agroecosystem stability amid environmental pressures (Pryke et al., 2022; Umar et al., 2022). As insects such as pollinators, predators, and decomposers provide multifaceted benefits across crops, correlating higher diversity with improved yields and reduced pest pressure (Diyaolu & Folarin, 2024).
6.2 Insects in Nutrient Cycling
Insects play a pivotal role in nutrient cycling through decomposition and soil aeration, releasing essential nutrients and improving soil structure for crop growth. Ants, termites, ground beetles, springtails, and soil mites break down organic matter in agroecosystems, facilitating nutrient availability in rice, maize, wheat, and other fields (Diyaolu & Folarin, 2024; John et al., 2024; Umar et al., 2022). Termites and beetles enhance soil nutrient cycling and structure across all crops, supporting better root growth in vegetables and root crops(John et al., 2024). These activities promote fertile soils, with insect-driven decomposition accelerating organic matter breakdown and nutrient release critical for sustained productivity (John et al., 2024).
6.3 Natural Pest Control and Ecosystem Services
Insects deliver natural pest control via predation and parasitism, reducing reliance on chemicals and bolstering ecosystem services like pollination and decomposition. Ladybugs, ground beetles, Hymenoptera, Odonata, and Hemiptera regulate pests in rice, maize, wheat, and row crops, with biological control showing high effectiveness in IPM strategies (Barathi et al., 2023; Diyaolu & Folarin, 2024; Umar et al., 2022; Yarahmadi & Rajabpour, 2024). Habitat management and selective practices preserve these natural enemies, achieving sustainable suppression; for example, diverse insect populations lower pest incidence by up to 86% with habitat enhancements (Barrios et al., 2017; Yarahmadi & Rajabpour, 2024). These services buffer crops against stressors, enhancing yields as seen in pollination benefits (John et al., 2024; Pryke et al., 2022).
7. Case Studies in Integrated Practices
7.1 Organic Farming and Entomology
Organic farming leverages entomological practices to prioritize biological control, pollination, and nutrient cycling over synthetic inputs, aligning with sustainable IPM frameworks (Barathi et al., 2023; Yarahmadi & Rajabpour, 2024). Practical data demonstrate that ladybugs, ground beetles, and parasitoids effectively regulate pests in vegetables and row crops, reducing chemical reliance while achieving high effectiveness, as evidenced in diverse agroecosystems (Barathi et al., 2023; Diyaolu & Folarin, 2024; Umar et al., 2022; Yarahmadi & Rajabpour, 2024). For instance, habitat management preserves natural enemies like Hymenoptera and Hemiptera, leading to stable pest suppression and up to 86% lower pest incidence when integrated with diversification (Barrios et al., 2017; Yarahmadi & Rajabpour, 2024). These methods enhance soil health via decomposers such as ants and termites, supporting root growth in vegetables (John et al., 2024).
7.2 Agroecological Practices for Pest Management
Agroecological practices utilize entomological insights into insect life cycles and behaviors to redesign systems for resilience, incorporating crop rotation, intercropping, and biopesticides (Barathi et al., 2023; Finger, 2025). Transcriptome profiling has identified chlorogenic acid as an effective plant-derived biopesticide against rice white-backed planthoppers, enabling eco-friendly control through intercropping or breeding, with practical applications in rice systems (Xie et al., 2025). Studies show that diversification reduces pest pressure, with biological controls substituting chemicals and efficiency gains in pesticide use, promoting long-term sustainability in organic and row crop contexts (Finger, 2025; Yarahmadi & Rajabpour, 2024). Insect-driven nutrient cycling by beetles and springtails further bolsters fertility, correlating with improved yields (Diyaolu & Folarin, 2024; John et al., 2024).
7.3 Conservation Biological Control in Row Crops
Conservation biological control in row crops like rice, maize, and wheat emphasizes habitat enhancements to bolster predator and parasitoid populations, fostering agroecosystem stability (Pryke et al., 2022; Umar et al., 2022). Diverse assemblages of Hymenoptera, Odonata, and Hemiptera act as natural regulators, with data indicating 53% increased crop yields and 86% lower pest incidence via insect diversity and tree cover (Barrios et al., 2017). Selective insecticides and cultural practices preserve these enemies, as seen in IPM where ground beetles and ladybugs minimize damage (Barathi et al., 2023; Yarahmadi & Rajabpour, 2024). Decomposers improve soil structure, aiding resilience to stressors like climate change (Diyaolu & Folarin, 2024; John et al., 2024).
8. Challenges in Entomological Integration
8.1 Knowledge Gaps in Insect-Plant Interactions
Significant knowledge gaps in insect-plant interactions limit effective IPM, particularly in understanding biochemical defenses; transcriptome and metabolome profiling identified chlorogenic acid as a key resistance substance against rice white-backed planthoppers, enabling practical intercropping or breeding for eco-friendly control (Xie et al., 2025).
8.2 Farmer Adoption of Integrated Practices
Farmer adoption of IPM faces barriers like awareness deficits and transition complexity, yet practices combining biological control, habitat management, and selective insecticides reduce chemical reliance by promoting natural enemies, with training and precision technologies enhancing efficiency and sustainability (Barathi et al., 2023; Finger, 2025; Yarahmadi & Rajabpour, 2024).
8.3 Climate Change and Insect Populations
Climate extremes drive insect declines, threatening pollination, pest control, and decomposition; evidence shows persistent population reductions amid agricultural intensification, underscoring needs for resilient practices to sustain ecosystem services (John et al., 2024; Pryke et al., 2022).
9. Opportunities for Further Research
9.1 Emerging Technologies in Pest Management
Transcriptome profiling reveals chlorogenic acid as a biopesticide against rice planthoppers, enabling intercropping and breeding for eco-control (Xie et al., 2025). Digital agriculture boosts pesticide efficiency, substitutes low-risk methods, and redesigns systems to cut pest pressure (Finger, 2025).
9.2 Advancements in Insect Pollination Research
Tree cover enhances pollinator conservation, yielding 53% tea crop increases and retaining 93% forest pollinators (Barrios et al., 2017). Climate studies address insect declines threatening pollination services (John et al., 2024; Pryke et al., 2022).
9.3 Sustainable Practices in Pest Control
IPM with resistant cultivars, fertilization, and irrigation reduces rice pesticides 64% and boosts yields 14% (Sharma et al., 2024). Rotations and biological controls promote soil health and pest disruption (Mohanty et al., 2024; Yarahmadi & Rajabpour, 2024).

10. Sustainable Farming Systems
10.1 Low-Input Farming Practices
Low-input systems emphasize IPM with biological controls, reducing rice pesticides by 64% and boosting yields 14% via resistant cultivars and rotations (Sharma et al., 2024). Organic farming preserves predators like ladybugs and parasitoids, minimizing chemicals while sustaining vegetables and row crops (Barathi et al., 2023; Yarahmadi & Rajabpour, 2024).
10.2 Role of Insects in Sustainable Agriculture
Insects drive sustainability through pollination (20-40% yield gains, e.g., apples, almonds, pest suppression (86% lower incidence with diversity (Barrios et al., 2017)), and decomposition by ants, beetles releasing soil nutrients (Diyaolu & Folarin, 2024; John et al., 2024).
10.3 Enhancing Productivity through Integrated Approaches
Habitat enhancements and diversification increase tea yields 53% and retain 93% pollinators (Barrios et al., 2017). Selective practices and redesign cut pest pressure, fostering resilience via Hymenoptera and decomposers (Finger, 2025; Yarahmadi & Rajabpour, 2024).
11. Future of Entomology in Agriculture
11.1 Innovations in Entomology for Agriculture
Transcriptome profiling identifies chlorogenic acid as a biopesticide against rice planthoppers, enabling intercropping and breeding for eco-control (Xie et al., 2025). Digital agriculture boosts pesticide efficiency, substitutes low-risk methods, and redesigns systems to reduce pest pressure (Finger, 2025).
11.2 The Need for Interdisciplinary Collaboration
Integrating entomology, agronomy, and digital tools advances IPM; collaborations yield 53% tea increases via tree cover retaining 93% pollinators (Barrios et al., 2017) and promote biological controls with decomposers for soil health (Diyaolu & Folarin, 2024; John et al., 2024).
11.3 Policy Implications for Entomology in Agronomy
Policies incentivizing IPM reduce rice pesticides 64% and boost yields 14% (Sharma et al., 2024), supporting diversification for 86% lower pest incidence (Barrios et al., 2017). Promote resilient practices amid insect declines from climate extremes (John et al., 2024; Pryke et al., 2022).
12. Conclusion
Insects are vital for sustainable agriculture, driving pollination, pest control, nutrient cycling, and soil health. Integrated pest management, habitat enhancements, and diversification reduce chemical reliance, boost yields by up to 53%, and lower pest incidence by 86%, fostering resilient agroecosystems amid climate challenges (Singh et al., 2024). Adopt IPM with biological controls, selective insecticides, crop rotations, and digital tools. Promote farmer training, tree cover integration, and low-input systems to enhance biodiversity, cut pesticides by 64%, and ensure long-term productivity. Entomology underpins eco-friendly farming by harnessing beneficial insects for ecosystem services, bridging knowledge gaps, and guiding policies toward resilient, high-yield agriculture.
Figure :-1 Insect Biodiversity in Agriculture
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Figure :- 2 Pollination Mechanisms
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Figure :- 3 IPM Strategies
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Figure :- 4 Role of Earthworms in Soil Health
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Figure :- 5. Biological Control of Agricultural Pests
[image: C:\Users\Lenovo\Downloads\Gemini_Generated_Image_kaudpckaudpckaud.png]



Table 1: Key Insects in Agricultural Ecosystems
	Insect Type
	Role in Agriculture
	Example Crops Affected
	Benefits

	Pollinators
	Crop pollination
	Fruits, Vegetables
	Increased yield

	Predators
	Pest control
	Rice, Wheat
	Reduced pest population

	Decomposers
	Soil health and nutrient cycling
	All crops
	Soil enrichment

	Symbiotic Insects
	Pest and disease regulation
	Tomatoes, Beans
	Disease resistance

	Beneficial Bugs
	Natural pest control
	Corn, Soybeans
	Lower chemical use

	Parasites
	Pest population regulation
	Cotton, Grapes
	Biological control

	Soil Aerators
	Improve soil structure
	Root crops
	Better root growth

	Herbivores
	Crop damage, pests
	Vegetables
	Crop management

	Pollinating Bees
	Crop pollination
	Citrus, Melons
	Increased productivity

	Ladybugs
	Pest control
	Vegetables, Fruits
	Insect regulation


Table 2: Integrated Pest Management Strategies
	Pest Control Method
	Description
	Example Use Case
	Effectiveness

	Biological Control
	Use of natural predators or parasitoids
	Tomato pest control
	High

	Chemical Control
	Use of pesticides
	Apple orchards
	Medium

	Mechanical Control
	Physical removal of pests
	Insect traps
	Low

	Cultural Control
	Crop rotation and management
	Wheat rotation
	High

	Biological Pesticides
	Use of bio-based insecticides
	Organic farming
	High

	Habitat Management
	Altering environment to favor beneficial insects
	Crop borders
	High

	Trap Cropping
	Using attractant crops to draw pests
	Sweet corn
	Medium

	Mulching
	Cover crops to prevent pests
	All crops
	High

	Pheromone Traps
	Use of insect attractants
	Fruit fly management
	Medium

	Companion Planting
	Using pest-repellent plants
	Beans with marigolds
	High


Table 3: Benefits of Pollination for Crops
	Crop Type
	Pollinator Type
	Pollination Benefit
	Impact on Yield

	Apples
	Honeybees, Wild Bees
	Increased fruit set
	20-30% increase

	Tomatoes
	Bumblebees
	Improved fruit size
	15-25% increase

	Almonds
	Honeybees
	Increased nut production
	30-40% increase

	Watermelon
	Honeybees, Flies
	Better fruit development
	25-35% increase

	Strawberries
	Bumblebees
	Increased berry size
	10-15% increase

	Cucumbers
	Honeybees, Bumblebees
	Higher fruit yield
	20-30% increase

	Citrus fruits
	Bees, Moths
	Improved fruit quality
	15-25% increase

	Blueberries
	Honeybees, Wild Bees
	Increased fruit production
	20-30% increase

	Cherries
	Bees, Flies
	Increased fruit set
	15-20% increase

	Grapes
	Honeybees, Beetles
	Better grape quality
	15-25% increase


Table 4: Soil Insects and Their Roles in Agriculture
	Insect Type
	Role in Soil Health
	Contribution to Crops
	Benefits

	Earthworms
	Soil aeration and fertilization
	Root crops, Vegetables
	Better root growth

	Ants
	Soil aeration and nutrient cycling
	Vegetables, Crops
	Increased soil health

	Termites
	Decomposition of organic matter
	All crops
	Soil nutrient cycling

	Beetles
	Decomposing organic matter
	All crops
	Enhanced soil structure

	Root weevils
	Soil nutrient cycling
	Root crops
	Soil nutrient release

	Soil mites
	Organic matter decomposition
	Root crops
	Improved soil texture

	Springtails
	Decomposing organic material
	Root crops, Vegetables
	Enhanced nutrient cycling

	Ticks
	Soil nutrient cycling
	All crops
	Soil health improvement

	Nematodes
	Pest regulation and nutrient cycling
	Root crops
	Reduced pest damage

	Grubs
	Organic matter breakdown
	Crops
	Improved soil structure


Table 5: Insect-Driven Decomposition Process
	Decomposition Stage
	Insect Role
	Contribution
	Process Description

	Initial Breakdown
	Ants, Beetles
	Decomposition of plant material
	Breaks down large plant parts

	Microbial Breakdown
	Mites, Fungi
	Accelerates decomposition
	Converts plant material to organic matter

	Nutrient Release
	Earthworms, Beetles
	Nutrient cycling
	Releases nutrients for crops

	Soil Structuring
	Earthworms
	Soil aeration
	Creates channels for air and water flow

	Organic Matter Mixing
	Insects, Soil organisms
	Mixing of organic materials
	Ensures uniform nutrient distribution

	Humus Formation
	Worms, Millipedes
	Creation of humus
	Improves soil fertility

	Pest Control
	Ground Beetles, Ladybugs
	Natural pest regulation
	Reduces pest populations

	Soil Enrichment
	Termites, Earthworms
	Organic matter decomposition
	Enriches soil with nutrients

	Soil Moisture Retention
	Earthworms, Ants
	Moisture retention
	Helps maintain soil moisture

	Root Aeration
	Earthworms
	Aeration of root zones
	Supports healthy root growth
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