Vol. 5 Issue- 4, December 2024 (e-ISSN: 2582-8223)

<)JUST AGRICULTURE

multidisciplinary e-Newsletter

Biological Warfare in Agro-Ecosystems

Blesina Sharon K
Department of Entomology, Punjab Agricultural University, Ludhiana, Punjab, India

ARTICLE ID: 06

Introduction

Agro-ecosystems are the plant and animal communities that comprise most of the
species-rich habitats. Agro-ecosystems can become more vulnerable to pest damage and
catastrophic outbreaks due to lack of biodiversity in plants and insects and sudden changes
caused by weather and human interruption. The productivity of crops is influenced by several
factors. One of the primary biotic constraints of crop production is the insect pests. The
sustainability of an agro-ecosystem depends on the eco-friendly approaches to manage the crop
pests and diseases. Biological control is an ecologically sound approach that aims to manage
crop pests without interrupting the environment as it harnesses nature’s own mechanisms to
maintain ecological balance by offering a resilient and environmentally-friendly solution.
Applied bio-control can be considered as a strategy to restore functional bio-diversity in agro-
ecosystems. By adopting bio-control practices, Indian agriculture can overcome its challenges,

boost productivity and sustainability for a brighter future.

Biological Control: Harnessing Nature for Sustainable Pest Control

Biological control is the action of parasites, predators or pathogens (disease-causing
organisms) in maintaining another organism's population density at a lower average than would
occur in their absence. Applied bio-control is a method of using natural enemies to reduce or
maintain the population of unwanted pests, weeds or diseases. Natural bio-control is the process

by which natural enemies of pests and pathogens control them without human intervention.
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A diverse range of natural enemies including vertebrates (birds, reptiles, amphibians,

fishes and small mammals), nematodes, microorganisms and arthropods serve as agents of bio-

control. Any living organisms used to control pest populations such as insects, weeds or

diseases are the bio-control agents which include the parasitoids, predators and pathogens.

e Parasitoids: Parasitoids usually target a single host throughout their lifecycle, making

them ideal for long-term pest suppression. A parasitoid is parasitic in its immature

stages and free living as an adult. E.g. Cotesia larvae (Host: Tobacco hornworm)

e Predators: A predator is an organism that captures and eats another organism (the

prey). This act is called predation. Usually more than one prey individual is required

for the predator to complete its life cycle. E.g. Coccinella septempunctata (Host:

Aphids)

e Pathogen: The use of microbial antagonists such as bacteria or fungi to suppress the

pests are termed entamopathogens.E.g. Beauveria bassiana, Metarrhizium anisopliae

Tri-Trophic Interactions: Nature’s Chain of Balance in Ecosystems
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Tri-trophic interactions are the
ecological interactions between
plants, herbivores and their natural
enemies.  Biological  control
involves the top-down regulation
of the crop pests. Tri-trophic
interactions in plant defense
against herbivory describe the
ecological impacts of three trophic
levels on each other: the plant,
herbivore and its natural enemies.
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Tri-trophic interactions are nature’s way of balancing eco-systems through a three-tier
relationship. This operates as a complex system of checks and balances that influences
biodiversity, pest control and ecosystem stability. The beauty of tri-trophic interactions lies in
the adaptability. Small changes in one level such as increased predator presence can ripple the
entire system affecting herbivore and plant populations alike. This dynamic relationship
showcases nature's own pest control mechanism and serves as a reminder that bio-diversity
itself is a valuable tool for sustainable eco-system management. This powerful self-regulating
system illustrates how biodiversity fosters resilience making it essential for both natural and
agricultural eco-systems.

Techniques in Biological Control

i.) Importation or Classical Biological Control: It generally involves importation and
establishment of non-native natural enemy populations for suppression of non-native or
native organisms.

ii.) Augmentation of Natural Enemies: Augmentation includes activities in which natural
enemy populations are increased through mass culture, periodic release (either inoculative
or inundative) and colonization for the suppression of native or exotic pests.

« Inoculative releases are made with the intent of colonizing natural enemies early in a
crop cycle so that they and their offspring will provide pest suppression for an extended
period of time.

e Inundative releases are conducted to provide rapid pest suppression by the released
individuals only, with no expectation of suppression by their offspring.

iii.) Conservation of Natural Enemies: Deals with the study and modification of human
influences that allow natural enemies to realize their potential to suppress pests.

Ecological Engineering: A Boon to Bio-Control
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Ecological engineering has become a transformative approach in the field of biological
control offering farmers more sustainable ways to manage pests by enhancing natural eco-
system functions. By designing and managing agricultural landscapes to support beneficial
organisms, ecological engineering has unlocked new eco-friendly methods for pest control that
reduce the need for synthetic pesticides and promote long-term agricultural resilience.

Push-pull strategies, for instance, "push™ pests away from primary crops with repellant
plants, while "pull” plants attract pests to areas where they can be controlled. Habitat
manipulation is the practice of creating or modifying habitats to enhance the survival and
effectiveness of natural enemies of pests in an agro-ecosystem. Combining push-pull and
habitat manipulation creates a complementary system that strengthens the overall pest control
strategy. While push-pull directs pest populations, habitat manipulation sustains and supports
the bio-control agents needed for long-term pest management. These strategies create a self-
sustaining system that minimizes pest damage while preserving biodiversity.

Future Thrusts

Research is increasingly focused on understanding the mechanisms that make natural enemies
either successful or unsuccessful, as well as the impacts of climate change and interactions with
genetically modified crops. Questions about the long-term environmental impact and
unintended consequences of introducing exotic species are also crucial to this field.
Nonetheless, continued advancements in biological control promise a future where we can
protect crops more sustainably.
Conclusion: A Path Forward

In the relentless quest to ensure food security, farmers worldwide have long battled

pests that threaten crops and livelihoods. To overcome these losses, sustainable approaches
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must be implemented in agro-ecosystems which can be achieved through biological control as

it relies on the interaction of organisms (tri-trophic interactions) with the target pests and the

environment. Biological warfare in agro-ecosystems aligns with the rhythms of nature. As we
adapt to the challenges of modern agriculture, this strategy not only protects crops but also
paves the way for a healthier planet.

“It is not the strongest of the species that survives, not the most intelligent that
survives. It is the one that is the most adaptable to change” -Charles Darwin
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