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reshwater bodies such as lakes, ponds, reservoirs, and irrigation tanks are indispensable 

for sustainable agriculture. However, excessive nutrient enrichment from agricultural 

runoff, domestic sewage, industrial effluents, and other human activities has accelerated 

eutrophication, leading to algal blooms, oxygen depletion, poor water quality, and ecological 

degradation. These changes adversely affect irrigation, fisheries, biodiversity, crop 

production, and rural livelihoods. This article discusses the causes, process, and impacts of 

eutrophication on sustainable agriculture while highlighting practical management strategies, 

including balanced fertilizer application, integrated nutrient management, wastewater 

treatment, wetland conservation, and watershed management. It also outlines the role of 

modern technologies such as remote sensing, Geographic Information Systems (GIS), 

Artificial Intelligence (AI), and Machine Learning (ML) in monitoring water quality and 

supporting timely decision-making. Preventing eutrophication requires coordinated efforts by 

farmers, researchers, policymakers, and local communities. Protecting freshwater ecosystems 

through sustainable water and nutrient management is essential for ensuring agricultural 

productivity, environmental health, and long-term food security. 

Introduction 
Freshwater, including lakes, ponds, reservoirs, and irrigation tanks, is a key component of 

sustainable agriculture. They are a source of irrigation water, groundwater recharge, fish 

habitat, biodiversity and rural livelihoods. In India, traditional tank systems have been a key 

factor in providing water security, especially in areas where rainfall is seasonal and 

groundwater resources are scarce (Srivastava & Chinnasamy, 2022; Narayanamoorthy, 

2022). The quality of these water bodies, however, has been seriously degraded by rapid 

urbanisation, intensive agriculture, pollution from untreated sewage and modification of land 

use. Excessive use of fertilisers and improper waste disposal introduce large amounts of 

nutrients into freshwater ecosystems, leading to water quality deterioration and ecological 

imbalance (Yadav & Goyal, 2022; Chowdhury & Behera, 2022). Eutrophication is one of the 

most prevalent water quality problems and a serious environmental concern. It occurs when 

there is over-enrichment of water with nutrients, especially nitrogen and phosphorus, leading 

to an excess of algal and aquatic plant growth. This degrades water quality, alters aquatic 

ecosystems and puts agriculture at risk for sustainability. Hence, it is important to understand 

the causes, effects, and management of eutrophication to safeguard freshwater resources and 

sustain agricultural production (Hasan et al., 2023).  

What is Eutrophication? 
Eutrophication is the process whereby a water body becomes over-enriched with excessive 

nutrients, primarily nitrogen (N) and phosphorus (P), causing the growth of algae and aquatic 
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plants to occur very rapidly. Eutrophication may happen naturally over a long time, but 

human activities have accelerated the process, which is called cultural eutrophication (Sitote 

& Gebremedhine, 2024). These nutrients are primarily from agricultural runoff, untreated 

domestic sewage, industrial effluents, livestock waste and urban stormwater runoff. 

Eutrophication occurs when too many nutrients enter the lakes, ponds, and reservoirs and 

cause algal blooms that hinder the ability of the water to transmit light to underwater aquatic 

plants. When these algae die and break down, they deplete the water of dissolved oxygen, 

which can lead to low oxygen levels that are harmful to fish and other aquatic life (Suresh et 

al., 2023). In addition to degrading water quality, eutrophication diminishes the quality of 

water for irrigation, fisheries, recreation, and domestic uses. It can also exacerbate the 

development of harmful cyanobacteria that can produce toxins that affect livestock, wildlife 

and human health in severe cases (García-Ávila et al., 2025). The process of eutrophication 

and its ecological impacts are illustrated in Fig. 1. 

 
Fig. 1 Process of eutrophication showing nutrient enrichment, algal bloom formation, oxygen 

depletion, and ecological impacts. 

Causes of Eutrophication 
Eutrophication is primarily driven by excessive nutrient inputs into freshwater bodies. 

Among various sources, agricultural runoff is considered the most significant contributor. 

During rainfall or irrigation events, surplus fertilizers containing nitrogen and phosphorus are 

washed from agricultural fields into nearby lakes, ponds, rivers, and reservoirs. These 

nutrients accelerate the growth of algae and aquatic plants, disrupting the natural balance of 

aquatic ecosystems (Zahoor & Mushtaq, 2023). 

 Apart from agriculture, untreated domestic sewage is another major source of nutrient 

pollution. Wastewater from households contains high concentrations of organic matter, 

nitrogen, and phosphorus, which promote eutrophication when discharged directly into water 

bodies. Similarly, industrial effluents, if inadequately treated, may introduce nutrients and 

other contaminants that further degrade water quality (Albou et al., 2024). 

 Livestock farming also contributes through the improper disposal of animal manure, 

while urban stormwater runoff carries nutrients from roads, gardens, and residential areas into 

nearby lakes and ponds. In addition, rapid land-use changes, such as urban expansion and the 

loss of vegetative cover, increase soil erosion and nutrient transport to freshwater ecosystems 

(Punja et al., 2024). 

 Unsustainable fertiliser application remains a major concern in agriculture. Applying 

fertilisers in excess of crop requirements not only reduces nutrient-use efficiency but also 

increases the risk of nutrient losses to water bodies. Adopting balanced fertiliser application, 

soil testing, and integrated nutrient management can significantly reduce nutrient runoff and 

help prevent eutrophication (Tyagi et al., 2022; Srivastav et al., 2024). The major sources of 

nutrient pollution, their principal pollutants, and their impacts on freshwater ecosystems are 

summarised in Table 1. 
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Table 1. Major causes of eutrophication and their impacts 

Source Major pollutants Impact on water bodies 

Agricultural runoff Nitrogen, phosphorus Algal blooms and nutrient enrichment 

Domestic sewage 
Organic matter, nitrogen, 

phosphorus 
Oxygen depletion and poor water quality 

Industrial effluents Nutrients and chemicals 
Water contamination and ecosystem 

degradation 

Livestock waste 
Organic matter and 

nutrients 

Increased biological oxygen demand and 

eutrophication 

Urban stormwater 

runoff 
Nutrients, sediments Nutrient loading and turbidity 

Fig. 2 Major sources of nutrient pollution contributing to eutrophication in freshwater ecosystems. 

Impacts of eutrophication on sustainable agriculture 
The impact of eutrophication is wide-ranging in terms of agricultural, environmental and 

health effects. It has one of the biggest effects of deterioration in water quality of the 

irrigation water. Algal proliferation and aquatic weed growth in excess can lead to clogging 

of irrigation channels, irrigation pumps and drip irrigation systems, which can lead to 

decreased irrigation efficiency and high maintenance costs (Zahoor & Mushtaq, 2023). Rapid 

growth of algae also decreases the dissolved oxygen available in the water bodies leading to 

fish mortality and loss of biodiversity in the aquatic system. Cyanobacteria can also generate 

toxins that affect livestock and human health as they contaminate irrigation water, which can 

also be metabolised into crops (Melaram et al., 2022; Zhang et al., 2021). Irrigation water of 

poor quality can also have a negative impact on soil properties, through an increase in soil 

organic matter and changes to soil microbial activity. This can over time diminish the 

productivity of crops and undermine the long-term sustainability of agricultural systems. 

Further, eutrophication leads to reduced ecological quality and aesthetic appeal of lakes and 

reservoirs, impacting fish production, recreation, and other ecosystem services that contribute 

to the livelihood of rural communities (Kumar et al., 2022). Eutrophication is also 

exacerbated by climate change, which raises water temperatures and changes the rainfall 

regime, increasing the frequency and severity of algal blooms. All these combine to pose a 
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threat to freshwater supplies vital for food production and sustainable agricultural 

development (Ahmad et al., 2024; Mishra et al., 2022). Table 2 summarises the major 

agricultural consequences of eutrophication. 

Table 2. Agricultural impacts of eutrophication 

Impact Effect on agriculture 

Algal blooms Reduce irrigation water quality 

Aquatic weed growth Block canals and irrigation systems 

Oxygen depletion Fish mortality and biodiversity loss 

Cyanobacterial toxins Risks to crops, livestock, and human health 

Poor water quality Reduced crop productivity and increased management costs 

Prevention and Management of Eutrophication 

Eutrophication prevention should involve a combination of sustainable agricultural practices, 

effective wastewater management, and community participation. Consequently, one of the 

biggest contributors to nutrient pollution is agriculture, and better nutrient management 

practices are one of the most powerful tools to decrease nutrient losses. Farmers should 

consider soil testing before applying fertilisers in accordance with the nutrient needs of the 

crop, balanced nutrient management, and restricting over-fertilisation in advance of heavy 

rainfall. Improved nutrient-use efficiency and reduced runoff can be achieved through 

precision farming and integrated nutrient management (Srivastav et al., 2024; Tyagi et al., 

2022). Pollution reduction from non-agricultural sources is also important. The effluents from 

domestic sewage and industries must be treated properly before dumping in rivers, lakes and 

reservoirs. Vegetative buffer strips around water bodies, conservation of wetlands, and 

implementation of erosion-control methods can be effective in preventing sediment and 

nutrient loss to fresh waters (Pericherla et al., 2022; Albou et al., 2024). Water quality 

monitoring, lake restoration and public awareness programmes are vital to the sustainability 

of freshwater resources. A partnership between governments, local communities, researchers 

and farmers is needed to introduce integrated watershed management practices to reconcile 

agricultural production with environmental protection. These collaborative initiatives can 

prevent eutrophication and help ensure clean water, healthy ecosystems, and sustainable 

agriculture for future generations (Hasan et al., 2023; Armstrong et al., 2025). The major 

management strategies for controlling eutrophication and their expected benefits are 

summarized in Table 3. 

Table 3. Management strategies to control eutrophication 

Management practice Expected benefit 

Soil testing and balanced fertiliser 

application 

Reduces nutrient losses and improves fertiliser-use 

efficiency 

Integrated nutrient management Minimises nitrogen and phosphorus runoff 

Vegetative buffer strips 
Filters sediments and nutrients before reaching 

water bodies 

Wastewater treatment 
Reduces nutrient loading from domestic and 

industrial sources 

Wetland conservation and lake 

restoration 
Improves water quality and ecosystem health 

Regular water quality monitoring Enables early detection and timely management 

Role of Modern Technologies in Monitoring and Managing Eutrophication 
Advances in science and technology have significantly improved the monitoring and 

management of eutrophication. Traditional field sampling provides valuable information but 

is often time-consuming, labour-intensive, and limited to specific locations. Modern 

technologies such as Remote Sensing, Geographic Information Systems (GIS), Artificial 

Intelligence (AI), and Machine Learning (ML) enable rapid and continuous assessment of 
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water bodies over large areas (Yang et al., 2022). 

Satellite imagery can detect changes in water 

quality, algal blooms, aquatic vegetation, and 

nutrient enrichment without frequent field visits. 

When integrated with GIS, these data help 

identify pollution hotspots, monitor temporal 

changes, and support informed decision-making 

for water resource management. AI and ML 

techniques further enhance monitoring by 

analysing large datasets, identifying patterns, and 

predicting potential eutrophication events, 

enabling timely intervention (Deng et al., 2024; 

Mohan et al., 2025). The integration of these 

modern technologies for water quality 

monitoring and decision-making is illustrated in 

Fig. 3. 

 The integration of these technologies with 

conventional monitoring can support early 

warning systems, improve lake restoration 

programmes, and strengthen sustainable water 

management. As these tools become more 

accessible, they can play an increasingly 

important role in protecting freshwater 

ecosystems and ensuring reliable water resources 

for agriculture (Zhi et al., 2024; Yan et al., 2024). 

Conclusion 

Eutrophication has emerged as a major challenge to freshwater ecosystems and sustainable 

agriculture. Excessive nutrient loading from agricultural runoff, domestic sewage, and other 

human activities degrades water quality, disrupts aquatic ecosystems, and reduces the 

suitability of water for irrigation, fisheries, and other agricultural uses. As the demand for 

food and water continues to increase, protecting freshwater resources has become more 

important than ever. Adopting sustainable nutrient management practices, improving 

wastewater treatment, restoring degraded water bodies, and promoting community 

participation can significantly reduce the risk of eutrophication. Furthermore, modern 

technologies such as remote sensing, GIS, artificial intelligence, and machine learning 

provide efficient tools for monitoring water quality and supporting timely management 

decisions. Protecting lakes, ponds, reservoirs, and irrigation tanks is not only an 

environmental responsibility but also an essential step toward ensuring water security, food 

security, and sustainable agricultural development for future generations. 
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