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Abstract

Fertilizers are essential for enhancing agricultural productivity, but their excessive or mismanaged use
poses serious risks to aquatic ecosystems, particularly fish health and growth. This paper explores both
the positive and negative impacts of fertilizers on fish, drawing on examples from Indian agriculture and
aquaculture. While controlled fertilization in fish ponds can promote the growth of phytoplankton and
natural feed, fertilizer runoff into open water bodies often leads to eutrophication, oxygen depletion, and
toxic conditions that hinder fish development and survival. Case studies from Indian institutions such as
ICAR-CIFA and CIFRI highlight the ecological consequences of unchecked nutrient pollution. The paper
concludes with recommendations for sustainable agricultural and aquaculture practices, including buffer
zones, precision farming, and farmer education, to strike a balance between food security and aquatic
health.
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1. Introduction

Fertilizers play a vital role in increasing agricultural productivity, but their unregulated use has significant
ecological consequences, particularly for aquatic ecosystems. One area of growing concern is their impact
on fish growth and survival. Excessive or inappropriate application of fertilizers—both chemical and
organic—can alter water chemistry, affect oxygen levels, promote harmful algal blooms, and disturb
aquatic food chains. This paper examines the direct and indirect effects of fertilizer runoff on fish growth,
with a focus on Indian agricultural and aquaculture contexts.

Fertilizers and Their Pathways into Aquatic Ecosystems

Fertilizers commonly contain nitrogen (N), phosphorus (P), and potassium (K)—the primary
macronutrients essential for plant growth. However, in rainfed or flood-prone agricultural regions,
especially in states like Punjab, Andhra Pradesh, and West Bengal, these nutrients often leach into nearby
ponds, rivers, and lakes.

In India, the intensification of agriculture post-Green Revolution has led to a marked increase in fertilizer
consumption. According to the Fertilizer Association of India (FAI), fertilizer use increased from 2.5
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million tonnes in 1970 to over 30 million tonnes by 2020. This growth, while essential for food security,
has also escalated the runoff of nitrates and phosphates into aquatic environments, where they disrupt
natural nutrient cycles.

Positive Impacts on Fish Growth (in Controlled Conditions)
Interestingly, in controlled aquaculture systems like pond fertilization, moderate application of organic or
inorganic fertilizers can actually enhance fish growth. This is because:

e Nutrient input promotes phytoplankton growth, which serves as a natural food source for
herbivorous fish such as Rohu and Catla.

e Enhanced primary productivity supports zooplankton growth, improving the overall food web
efficiency.

e Organic fertilizers like cow dung and poultry manure are commonly used in rural India to stimulate
fish-friendly pond ecology.

Thus, when managed correctly and in limited quantities, fertilizers can support fish farming practices by
enriching the natural feed base. The ICAR-Central Institute of Freshwater Aquaculture (CIFA) has
conducted successful experiments demonstrating increased fish yields in fertilized ponds, provided the
water quality remains within acceptable limits.

Negative Impacts of Excess Fertilizer Use
Despite some controlled benefits, excessive fertilizer use, especially in open water bodies, has detrimental
effects on fish health and growth:

e Eutrophication and Algal Blooms
High nitrogen and phosphorus levels lead to eutrophication, causing overgrowth of algae
(especially blue-green algae). These blooms block sunlight, reduce oxygen levels, and release
toxins harmful to fish.

e Oxygen Depletion (Hypoxia)
Decomposition of algae consumes dissolved oxygen (DO), creating hypoxic or even anoxic
conditions. Fish growth slows, stress increases, and mass die-offs may occur.

e Toxic Effects of Ammonia and Nitrates
Fertilizer breakdown releases ammonia and nitrates into the water. Elevated ammonia levels
(>0.02 mg/L) are toxic to fish, affecting gill function and metabolism.

e Disruption of Reproductive Cycles
Chemical contamination from fertilizers may interfere with fish endocrine systems, reducing
reproductive success and altering larval development.
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Studies from the Central Inland Fisheries Research Institute (CIFRI) and state fisheries departments in
Odisha and Assam highlight how uncontrolled agricultural runoff contributes to fish kills and declining
native fish populations in rivers like the Brahmaputra and Mahanadi.

Recommendations for Sustainable Balance
To mitigate the negative impacts of fertilizers on fish while maintaining agricultural productivity, the
following actions are recommended:

e Buffer Zones and Vegetative Barriers: Establish vegetated buffer strips between farms and water
bodies to absorb excess nutrients.

e Precision Farming and Fertilizer Application: Use soil testing and controlled release fertilizers to
reduce nutrient leaching.

e Promote Organic Alternatives: Encourage use of organic fertilizers and integrated nutrient
management (INM) in fish farm-adjacent fields.

e \Water Quality Monitoring in Aquaculture: Regularly test dissolved oxygen, pH, and ammonia
levels to maintain a healthy aquatic environment.

e Farmer Training and Awareness Programs: Educate farmers on the environmental impacts of over-
fertilization through Krishi Vigyan Kendras (KVKSs) and local fisheries departments.

2. Conclusion

Fertilizers, when used judiciously, can support both agriculture and aquaculture. However, their overuse
poses serious risks to aquatic ecosystems and fish health. A balanced, evidence-based approach that
integrates precision agriculture, eco-friendly aquaculture, and strong regulatory oversight is essential for
sustaining both food production and aquatic biodiversity. As India progresses toward its Blue Revolution
2.0 and Sustainable Development Goals (SDG 14 — Life Below Water), addressing the impact of fertilizers
on fish growth must be a policy and research priority.
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