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odern agriculture is facing serious challenges due to climate change and increasing pest 

pressure. Traditional pest management practices that rely heavily on chemical inputs 

are becoming unsustainable because of environmental damage and rising production costs. 

This review presents an innovative approach that integrates spiders (Order: Araneae) as 

effective generalist predators within a smart farming framework. The use of advanced 

technologies, including AI-based image recognition, IoT-enabled climate sensors, and real-

time monitoring systems, significantly enhance the predatory efficiency of spiders. In 

addition, digital extension services play an important role in connecting scientific research 

with farmers and improving field-level adoption. The integration of biological control with 

precision technologies offers an eco-friendly, economically viable, and climate-resilient 

solution for modern pest management. 
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Introduction 

Today, maintaining global food security is more challenging than ever for the agriculture and 

horticulture sectors. We are witnessing a sharp rise in pest infestations, compounded by the 

unpredictable nature of climate change. For too long, conventional pest control has leaned 

heavily on the excessive use of chemical pesticides and fertilizers. This isn't just an 

environmental disaster; it is also driving a dangerous cycle of resistance in notorious pests, 

such as the Diamondback moth (Plutella xylostella), making them even harder to manage. 

Sustainable entomology is no longer just about reducing chemicals; it is a fundamental 

commitment to eco-friendly management that safeguards our natural resources. As we 

transition toward 'smart agriculture,' the shift from broad-spectrum chemical sprays to 

precision-based ecological interventions has become a necessity. In this context, spiders as 

highly adaptable generalist predators offer a significant biological edge in stabilizing pest 

populations across various cropping systems. With the recent explosion of digital tools, 

automation, and biotechnology, we can now track and amplify the natural efficiency of these 

predators like never before. By merging their instinctive hunting behaviour with real-time 

digital monitoring, we are not just protecting crops; we are building a more resilient, data-

driven, and balanced agricultural future. The integration of spiders with smart technologies 

for sustainable pest management is illustrated in Figure 1. 
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Figure 1: Smart farming approach integrating spiders, sensors, and AI for sustainable pest 

management. 

The Role of Spiders in Biological Control  
Spiders are one of the most common and important natural predators found in agricultural 

ecosystems. Unlike specialized parasitoids, spiders are generalist predators, which means 

they can feed on a wide range of pests and survive even when specific pest populations are 

low. 

Hunting Strategies: Spiders exhibit diverse hunting behaviours and can be broadly 

categorized into different functional groups. Wolf spiders (Lycosidae) and crab spiders 

(Thomisidae) are primarily active hunters that chase or ambush their prey. In contrast, orb-

web weavers (Araneidae) construct intricate webs to trap flying and other mobile insects. 

This diversity in predatory strategies enhances their overall efficiency as biological control 

agents in agroecosystems. 

Agility and Efficiency: Active hunting spiders are especially effective when pest populations 

are high. Their speed and strong predatory ability allow them to quickly reduce pest numbers. 

This makes them a valuable asset in integrated pest management strategies. 

Ecological Significance and Biodiversity  

A healthy agroecosystem depends on a diverse spider community. Different species occupy 

specific layers of the environment from the soil surface to the upper plant canopy—ensuring 

that pests are targeted at every stage of their life cycle. Beyond simple pest control, this 

biodiversity bolsters ecosystem resilience, helping the farm withstand environmental stresses 

while maintaining a natural ecological balance. 

Table 1: Role of Spiders in Pest Management 

Spider 

Category 
Family 

Common 

Example 
Hunting Strategy Key Target Pests 

Active 

Hunters 
Oxyopidae Oxyopes spp. 

Visual pursuit & 

jumping 

Aphids and 

caterpillars 

Ground 

Hunters 
Lycosidae Lycosa spp. 

Ambush or chasing 

on host 
Soil-dwelling larvae 

Web Builders Araneidae Neoscona spp. 
Intricate web 

trapping 

Flying insects and 

moths 

Ambush 

Hunters 
Thomisidae Thomisus spp. 

Sit-and-wait 

camouflage 

Thrips and flower-

visiting pests 

Jumping 

Spiders 
Salticidae Phidippus spp. 

Active stalking & 

pouncing 
Leafhoppers, and flies 
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Integrating Advanced Technologies with Spiders 
To meet the needs of modern agriculture, it is important to combine biological control with 

advanced technologies. 

Real-Time Monitoring and Sensors: Technologies like soil moisture sensors and climate 

monitoring systems help in managing field conditions in real time. Spiders are sensitive to 

temperature and humidity, so maintaining suitable microclimates helps in improving their 

survival and activity, especially during extreme weather conditions. 

Image-Based Detection Using Artificial Intelligence (AI) 

Remote sensing and image-based tools enable early detection of pests and diseases in 

agricultural fields. AI-powered systems use computer vision algorithms to identify beneficial 

organisms like spiders and distinguish them from harmful pests with over 90% accuracy. 

These systems employ deep learning models trained on large datasets of field images, 

recognizing spider species (e.g., wolf spiders, orb-weavers) and their hunting behaviors. 

Machine learning algorithms analyze predator-prey ratios in real-time, triggering alerts when 

spider populations decline below optimal thresholds. This supports site-specific pest 

management, where chemical controls are applied only when necessary, based on predator-

prey balance. Drone-mounted cameras and smartphone apps further democratize this 

technology for smallholder farmers in Bihar, enabling precision interventions that conserve 

natural enemies while protecting crops. 

Automated Habitat Management 

In controlled environments such as greenhouses, automated systems can regulate temperature 

and humidity to maintain ideal conditions for spiders. The use of solar-powered and energy-

efficient devices ensures that these technologies do not increase environmental burden. 

 
Figure 2: Workflow of an AI-integrated spider monitoring system for precision agriculture. 

(Source: Author’s own creation) 

Economic and Environmental Benefits 
The integration of spiders with modern technology offers several advantages: 

 Dependence on chemical pesticides decreases, leading to lower environmental pollution 

and reduced health risks. 

 Farmers can save money on chemical inputs while improving crop quality, resulting in 

higher profits. 

 Technology-supported biological control systems make crops more resistant to sudden 

pest outbreaks caused by climate change. 

Role of Agricultural Extension in Smart Spider-Based Pest Management 
Agricultural extension plays a key role in connecting scientific knowledge with field-level 

practices. Many farmers still consider spiders as harmful and often eliminate them during 

pesticide use, which reduces natural pest control. Extension services can address this issue by 



Sandeep and Singh (2026) Agri Magazine, 03(04): 307-310 (APR, 2026)     

Agri Magazine ISSN: 3048-8656 Page 310 

creating awareness about the beneficial role of spiders through training programs and field 

demonstrations. In addition, extension systems can promote simple and practical approaches 

such as reduced pesticide use, selective spraying, and habitat conservation to support spider 

populations. The use of digital advisory tools and community-based learning can further 

improve adoption among farmers. Overall, effective extension support is essential for the 

successful implementation of spider-based smart pest management at the field level. 

Challenges and Future Prospects 
Despite its benefits, this approach also faces some challenges: 

 Advanced tools and technologies can be costly, making them less accessible for small 

farmers. 

 Farmers need proper training and support to effectively use smart pest management 

technologies. 

 The future of entomology lies in the use of artificial intelligence, climate-smart practices, 

and advanced monitoring techniques such as genomics. These innovations will further 

improve the efficiency of biological control systems. 

 Investment in scalable, low-cost solutions and public-private partnerships will bridge 

these gaps, making spider-based smart IPM accessible to millions of smallholder farmers. 

Conclusion 
The combination of natural biological control and modern technology represents the future of 

pest management. Spiders are no longer just secondary predators; when supported by tools 

like sensors, AI, and precision farming, they become highly valuable components of smart 

pest management systems. For sustainable and climate-resilient agriculture, it is important to 

move beyond traditional methods and adopt this integrated approach. This approach Meets 

with the global need for climate smart and sustainable agricultural intensification. 

References 
1. Abdalla, K., Mutema, M., & Chivenge, P. (2022). Climate-smart pest management 

strategies for sustainable agriculture. Sustainability, 14(3): 1456. 

2. Anderson, J. R., & Feder, G. (2021). Agricultural extension: Good intentions and hard 

realities. The World Bank Research Observer, 36(2): 185-215. 

3. Davis, K., Ekboir, J., Mekasha, W., Ochieng, C., Spielman, D. J., & Zerfu, E. (2020). 

Strengthening agricultural education and extension systems for improved farmer 

adoption. The Journal of Agricultural Education and Extension, 26(2): 101-119. 

4. Reddy, G. V. P., & Tangtrakulwanich, K. (2023). Integrated Pest Management: Adopting 

smart technologies for sustainable crop protection. Annual Review of Entomology, 68: 

415-433. 

5. Li, Y., Chen, D., Zhao, Y., & Zhang, C. (2021). Role of artificial intelligence in smart 

agriculture: A review. Agricultural Systems, 190: 103134. 

6. Michalko, R., Pekár, S., & Entling, M. H. (2019). An updated perspective on spiders as 

generalist predators in biological control. Oecologia, 189(1): 21-36. 

7. Nyffeler, M., & Birkhofer, K. (2019). An estimated 400-800 million tons of prey are 

annually killed by the global spider community. The Science of Nature, 106(5-6): 30. 

8. Mishra, P., & Rathore, A. S. (2024). Internet of Things (IoT) and sensor-based 

monitoring of natural enemies in sustainable agro-ecosystems. Agriculture, Ecosystems 

& Environment, 360: 108785. 

9. Singh, R., Kumar, S., & Sharma, P. (2023). Role of natural enemies in integrated pest 

management under changing climate. Journal of Entomology and Zoology Studies, 

11(2): 45-52. 

10. Zhang, C., Walters, D., & Kovacs, J. M. (2020). Applications of low-altitude remote 

sensing in agriculture based on artificial intelligence: A review. Precision Agriculture, 

21(2): 1-23. 


