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@%ﬁ; he global agricultural sector faces an unprecedented dual challenge in the twenty first Ei
v century that is feeding to increasing population of nearly 10 billion people by 2050 while

==, simultaneously reversing the ecological damage wrought by decades of chemical-intensive
A=Ay

& farming (Tilman et al., 2011). Conventional agriculture which relies heavily on synthetic g
= pesticides and fertilizers has delivered remarkable yield increases but at substantial 2
& environmental costs including soil degradation, groundwater contamination, loss of pollinator 5
@i},ﬁ@ populations and the emergence of pesticide-resistant pest strains (Tudi et al., 2021). Against
&% this backdrop organic farming has gained considerable momentum as an ecologically sound
el alternative with global organic agricultural land reaching approximately 76.4 million hectares
By by 2021 and continuing to expand. Success of organic farming systems is the effective 5
Q0 management of pests; insects, pathogens, weeds and other organisms that compete with or ]
@g;%g) damage crops. Without access to synthetic pesticides, organic farmers must employ more 5
950 sophisticated, knowledge-intensive and ecologically grounded strategies to protect their o
w::%%;%x} crops. ‘ _
@;lﬁj Key components of IPM adopted in organic farming
& e Cultural Practices
. Crop rotation: Crop rotation is widely recognized as one of the most effective and cost- '
1% efficient pest management tools in organic farming. By systematically varying the crop )

species grown in a field across successive seasons, rotation disrupts the population buildup of [gggﬁ

host-specific pests and pathogens. Intercropping and habitat diversification: The role of plant i

diversity in suppressing pest populations has been extensively documented in the scientific %50

literature. Intercropping maize with Desmodium species (push-pull technology) significantly
reduced populations of stem borers. Resistant varieties and plant breeding: The use of pest
and disease-resistant crop varieties represents a cornerstone of preventive IPM that is
particularly valuable in organic farming where intervention options are limited.

e Biological Control

Conservation biological control: It is most ecologically and economically efficient form of
biological control in organic farming systems. Organic farms harboured significantly higher
abundances and diversity of natural enemies including ground beetles, parasitic wasps,
hoverflies and spiders compared to conventionally managed farms, attributing this difference
primarily to the absence of synthetic pesticides and greater habitat heterogeneity. Along with
the augmentative biological control, involves the deliberate release of commercially produced
natural enemies has grown substantially as a pest management strategy in organic farming.
Microbial biopesticides: Microbial biopesticides products based on living microorganisms
or them represent the fastest growing segment of the biological pest control market. Bacillus
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thuringiensis products remain the most widely used microbial biopesticides globally with
extensive documentation of their effectiveness against lepidopteran, coleopteran and dipteran
pests. Entomopathogenic fungi; Beauveria bassiana and Metarhizium anisopliae as broad-
spectrum biopesticides suitable for use in organic systems.

e Physical and mechanical methos

Insect-proof netting successfully excluded major flying pests including cabbage root fly,
carrot fly, onion fly and cabbage white butterfly from vegetable crops achieving protection
equivalent to or exceeding that provided by approved organic insecticides. Insect traps,
including pheromone traps, sticky traps and mass trapping devices play dual roles in organic
IPM as both monitoring tools and direct control measures. Reflective mulches have been
demonstrated to provide effective aphid management in organic vegetable production.

e Monitoring, Decision-Making and Technology Integration

Systematic field monitoring is universally recognized as the cornerstone of effective IPM.
Without reliable monitoring, even the best pest management tools cannot be deployed
effectively. In organic farming, where the margin for error is smaller due to more limited
intervention options, the importance of thorough monitoring is even greater.

Digital technologies and precision IPM: The integration of digital technologies including
multispectral and hyperspectral imaging for early detection of plant diseases and pest damage
in agricultural fields, demonstrating that many biotic stress conditions can be detected before
they become visible to the human eye. This early detection capability is particularly valuable
in organic systems, where early intervention with biological or cultural controls is often more
effective than later-stage responses. Machine learning and artificial intelligence applications
for pest identification and population monitoring have advanced rapidly in recent years.
Convolutional neural network (CNN) algorithms could identify soybean pest species from
smartphone photographs with accuracy exceeding 90%, suggesting that Al-based
identification tools could significantly reduce the expertise barrier to effective IPM
monitoring for organic farmers. Automated insect trap monitoring systems using image
recognition technology that could remotely transmit trap catch data enabling real-time
population monitoring without the need for frequent physical trap inspection.

e Approved Organic Pesticides as a Last Resort

Even with the best preventive and biological control strategies, there are situations where pest
populations exceed economic threshold level and more direct intervention is necessary. In
organic farming, this means turning to pesticides that are approved for use under organic
certification standards. Approved organic pesticides are derived from natural sources and
have been evaluated for their safety and environmental impact. Common examples; neem oil,
pyrethrin which acts as a broad-spectrum contact insecticide, insecticidal soaps and
horticultural oils which kill soft-bodied insects by suffocation or desiccation, copper-based
fungicides used to control fungal and bacterial diseases and sulfur used against powdery
mildew and certain mite species.

= Ecosystem Services and Socioeconomic Benefits of IPM

Ecosystem service assessments have consistently shown that organic farms managed
according to IPM principles deliver significantly higher levels of biodiversity support,
pollination services, biological pest control and soil carbon sequestration compared to
conventionally managed farms. Organic farming systems generally exhibit greater soil
biological activity, higher soil organic matter content and more diverse arthropod
communities than conventional systems all of which contribute to the effectiveness of
biological pest control within organic IPM programs.

Challenges and Future Directions

Despite the substantial evidence base supporting IPM in organic farming, significant
challenges remain. Access to IPM tools and information and the complexity of implementing
multi-tactic programs as major barriers to IPM adoption among organic farmers. These
challenges are particularly acute in developing countries, where extension services may be
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limited and access to commercial biological control agents and approved organic inputs is
restricted. Climate change is increasingly recognized as a major driver of pest dynamics that
complicates IPM planning in organic systems.

Benefits of IPM in Organic Farming

The adoption of IPM in organic farming systems delivers a wide range of ecological,
economic and social benefits. IPM-based organic farms support significantly higher levels of
biodiversity than conventional farms. The absence of broad-spectrum synthetic pesticides
combined with habitat management practices that support natural enemies creates agricultural
landscapes rich in insects, birds and other wildlife. Healthy populations of natural enemies
provide resilient, self-regulating pest control that becomes more effective over time as
ecosystems become established. From a food safety and public health perspective, organic
IPM produces food with lower pesticide residues, benefiting both consumers and farm
workers.

Conclusion

Integrated Pest Management (IPM) in organic farming combines cultural practices, biological
control, physical methods and targeted organic pesticides, guided by evidence-based decision
making to suppress pests population across diverse crops and climates, producing nutritious,
low-residue food. However, realizing its full potential for food security, environmental
sustainability and rural livelihoods requires investment in research, farmer education,
supportive policies and market development, ensuring that ecological, molecular and digital
innovations are translated into practical, accessible tools especially for farmers in low-income
regions.
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