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Introduction: 

Agriculture depends heavily on the 

availability of essential plant nutrients and 

adequate water. However, inefficient use of 

fertilizers and irrigation water can increase 

production costs, reduce soil fertility and 

contribute to environmental degradation. 

Declining groundwater levels, nutrient 

imbalance, soil degradation, irregular rainfall 

and increasing climate variability have further 

increased the need for efficient resource 

management. Integrated Nutrient and Water 

Management (INWM) provides a practical 

approach to maintaining crop productivity 

while conserving soil, water and other natural 

resources. It involves the efficient and 

balanced management of organic and 

inorganic nutrient sources along with scientific 

water management practices to ensure that 

crops receive nutrients and water in the right 

quantity, at the right time and in the right 

place. 

Concept of Integrated Nutrient and Water 

Management 

 

 

 

 

 

 

 

 

Integrated Nutrient and Water 

Management is based on the principle that 

nutrient and water management should not be 

considered as separate activities. Availability 

of water influences nutrient uptake, while 

nutrient availability affects crop growth and 

water-use efficiency. Adequate soil moisture is 

necessary for nutrient movement and 

absorption by plant roots, whereas balanced 

nutrition helps crops develop stronger root 

systems and utilize available water more 

efficiently. 

Integrated nutrient management 

combines chemical fertilizers with organic 

manures, compost, crop residues, green 

manures, biofertilizers and other locally 

available nutrient sources. Water management 

involves efficient irrigation, rainwater 

harvesting, moisture conservation, drainage 

management and scheduling irrigation 

according to crop demand. The integration of 

these practices can improve nutrient-use 

efficiency, water-use efficiency, crop 

productivity and soil health. 
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Importance of Nutrient Management 

Plant nutrients are essential for growth, 

development and yield formation. Nitrogen, 

phosphorus and potassium are required in 

relatively large quantities, while secondary and 

micronutrients are also essential for balanced 

crop growth. Continuous cultivation and 

excessive use of particular fertilizers can 

create nutrient imbalances and gradually 

reduce soil fertility. 

Integrated nutrient management aims 

to maintain an adequate and balanced supply 

of nutrients while minimizing nutrient losses. 

Soil testing is an important first step because it 

provides information about existing nutrient 

availability and helps determine fertilizer 

requirements. Fertilizer recommendations 

should consider soil fertility, crop requirement, 

expected yield and previous crop history. 

Organic sources such as farmyard 

manure, compost and green manure can 

improve soil structure, microbial activity and 

organic matter. Chemical fertilizers provide 

nutrients in readily available forms and can 

meet crop requirements rapidly. Combining 

organic and inorganic sources can therefore 

provide both immediate nutrient availability 

and long-term improvement in soil fertility. 

Organic Sources and Biofertilizers 

Organic manures play an important 

role in sustainable nutrient management. 

Farmyard manure, compost, poultry manure, 

crop residues and green manure can add 

organic matter and nutrients to soil. Regular 

addition of organic materials improves soil 

aggregation, water-holding capacity and 

biological activity. 

Green manuring with suitable legume 

crops can contribute organic matter and 

biologically fixed nitrogen to the soil. Crop 

residues can also be retained or incorporated 

instead of being burned, helping recycle 

nutrients and improve soil health. 

Biofertilizers containing beneficial 

microorganisms can contribute to nutrient 

availability through biological nitrogen 

fixation, phosphate solubilization and other 

processes. Their effectiveness depends on soil 

conditions, crop species, environmental 

conditions and appropriate application 

methods. Therefore, biofertilizers should be 

considered as a component of an integrated 

nutrient-management programme rather than a 

complete replacement for all fertilizers. 

Balanced Fertilization 

Balanced fertilization means supplying 

all essential nutrients in appropriate 

proportions according to crop requirements. 

Excessive application of nitrogen, particularly 

without adequate phosphorus, potassium and 

micronutrients, can result in poor nutrient-use 

efficiency and environmental losses. 

The **4R nutrient stewardship 

principle—right source, right rate, right time 
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and right place—**provides a useful 

framework for improving fertilizer efficiency. 

Nitrogen fertilizers can be applied in split 

doses according to crop demand, while 

phosphorus and potassium can be managed 

according to soil-test recommendations. 

Placement of fertilizers near the active root 

zone can also improve nutrient availability and 

reduce losses. 

Site-specific nutrient management and 

precision fertilizer application can further 

improve nutrient-use efficiency by considering 

spatial variability within fields. 

Efficient Water Management 

Water is one of the most critical 

resources for crop production, but its 

availability is becoming increasingly uncertain 

in many agricultural regions. Excessive 

irrigation can cause waterlogging, salinity, 

nutrient leaching and groundwater depletion, 

whereas inadequate irrigation can cause crop 

stress and yield reduction. 

Efficient water management requires 

irrigation to be scheduled according to crop 

growth stage, soil moisture, weather conditions 

and water availability. Irrigation should be 

provided when the crop requires water rather 

than following a fixed schedule. 

Methods such as drip and sprinkler 

irrigation can improve water-use efficiency 

under suitable conditions. Drip irrigation 

delivers water close to the plant root zone, 

reducing evaporation and runoff. Sprinkler 

irrigation can provide relatively uniform water 

distribution and is suitable for many field and 

horticultural crops. 

Soil-Moisture Conservation 

Improving the soil's ability to retain 

water is an important component of 

sustainable water management. Practices such 

as mulching, residue retention, conservation 

tillage, contour farming and incorporation of 

organic matter can reduce evaporation and 

improve soil-water storage. 

Crop residues left on the soil surface 

can protect the soil from direct solar radiation 

and reduce moisture loss. Organic matter 

improves soil structure and increases the 

capacity of soil to hold water. Conservation 

tillage also reduces soil disturbance and can 

help conserve moisture in suitable production 

systems. 

Rainwater harvesting through farm 

ponds, field bunds and other water-

conservation structures can provide additional 

water during periods of rainfall deficiency. In 

rainfed agriculture, capturing and conserving 

rainfall can be particularly important for 

stabilizing crop production. 

Integration of Nutrient and Water 

Management 

Nutrient and water management 

become more effective when they are planned 

together. Adequate moisture is required for 
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nutrient dissolution, movement and uptake, 

while balanced nutrition supports root 

development and enables crops to utilize water 

more effectively. 

For example, excessive irrigation after 

fertilizer application can increase nutrient 

leaching, particularly for mobile nutrients such 

as nitrate. On the other hand, inadequate soil 

moisture can restrict nutrient uptake even 

when nutrients are present in the soil. 

Therefore, irrigation and fertilizer application 

should be synchronized with crop growth 

stages and environmental conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Integrated management can also reduce 

the risk of nutrient losses during heavy 

rainfall. Fertilizers should preferably be 

applied when extreme rainfall is not expected, 

and irrigation should be avoided when soil 

moisture is already adequate. 

Water-Smart Fertilizer Application 

The timing of fertilizer application is 

closely associated with water availability. 

Fertilizers should be applied when adequate 

soil moisture is available for nutrient 

dissolution and root uptake. However, 

excessive irrigation immediately after fertilizer 

application can increase nutrient losses. 

Split application of nitrogen is 

particularly useful in crops with prolonged 

nutrient   requirements.  Applying   nitrogen in  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

smaller doses during active crop-growth stages 

can improve synchronization between nutrient 

supply and crop demand. In irrigated 

agriculture, fertigation can further integrate 

Table 1. Major Practices in Integrated Nutrient and Water Management 

Practice Major benefit 

Soil testing Provides a scientific basis for fertilizer recommendations 

Balanced fertilization Improves nutrient-use efficiency and crop growth 

Farmyard manure and compost Improves soil organic matter and water-holding capacity 

Green manuring Adds organic matter and biologically fixed nitrogen 

Crop-residue management Recycles nutrients and conserves soil moisture 

Biofertilizers Supports biological nutrient availability 

Split fertilizer application Synchronizes nutrient supply with crop demand 

Drip irrigation Improves water-use efficiency 

Sprinkler irrigation Provides efficient and uniform water application 

Mulching Reduces evaporation and conserves soil moisture 

Rainwater harvesting Stores water for use during dry periods 

Conservation tillage Reduces soil disturbance and improves moisture 

conservation 

Soil-moisture monitoring Helps determine appropriate irrigation timing 

Integrated nutrient-water 

scheduling 

Reduces losses and improves crop productivity 
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water and nutrient application by supplying 

soluble fertilizers through irrigation systems. 

Fertigation is particularly useful with 

drip irrigation because nutrients can be 

delivered directly to the root zone. When 

properly managed, it can improve nutrient-use 

efficiency and reduce losses. However, 

fertilizer concentration, irrigation water quality 

and system maintenance must be carefully 

managed. 

Role of Climate-Smart Practices 

Climate variability has made integrated 

nutrient and water management increasingly 

important. Drought, heat waves, intense 

rainfall and changing rainfall patterns can 

affect nutrient availability and water 

requirements. Climate-smart management 

practices such as drought-tolerant varieties, 

conservation agriculture, mulching, efficient 

irrigation, rainwater harvesting and improved 

nutrient management can reduce production 

risks. 

Improving soil organic matter is 

particularly important because soils rich in 

organic matter generally have better structure 

and water-holding capacity. Such soils can 

provide crops with greater resilience during 

short periods of water stress. Similarly, 

balanced nutrition can improve plant vigour 

and help crops recover from environmental 

stress. 

Role of Precision Agriculture 

Modern technologies can make 

integrated nutrient and water management 

more precise. Soil-moisture sensors can help 

determine when irrigation is required, while 

weather stations can provide information about 

rainfall and evapotranspiration. Remote 

sensing and drones can identify crop stress and 

differences in crop growth across fields. 

Precision nutrient management can use 

soil maps, crop sensors and yield maps to 

determine nutrient requirements for different 

parts of a field. Variable-rate technology can 

then apply fertilizers according to site-specific 

requirements. 

The integration of sensors, remote 

sensing, artificial intelligence and mobile-

based decision-support systems can further 

improve irrigation and fertilizer scheduling. 

These technologies can help farmers move 

from fixed management schedules towards 

demand-based resource management. 

Benefits for Farmers and the Environment 

Integrated nutrient and water 

management can provide both economic and 

environmental benefits. Efficient fertilizer 

application reduces unnecessary input 

expenditure, while efficient irrigation reduces 

pumping costs and water consumption. 

Improved nutrient-use efficiency can also 

reduce losses to water bodies and the 

atmosphere. 
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Maintaining soil organic matter 

improves soil health and may increase the 

long-term productivity of agricultural land. 

Efficient use of water can help reduce pressure 

on groundwater resources. Thus, INWM can 

contribute to sustainable intensification by 

improving crop productivity without 

proportionally increasing the consumption of 

natural resources. 

Challenges and Future Prospects 

The adoption of integrated nutrient and 

water management may be limited by lack of 

soil-testing facilities, inadequate irrigation 

infrastructure, limited farmer awareness, high 

initial costs of efficient irrigation systems and 

insufficient technical guidance. Small and 

fragmented landholdings can also make the 

adoption of certain technologies difficult. 

Extension services and farmer training 

are therefore essential. Demonstration plots 

can help farmers understand the economic and 

agronomic benefits of improved nutrient and 

water management. Custom-hiring and 

service-provider models can make 

technologies such as drip irrigation, soil 

sensors and precision fertilizer application 

more accessible. 

In the future, integration of digital 

agriculture, artificial intelligence, remote 

sensing and automated irrigation systems can 

make nutrient and water management 

increasingly precise. However, technology 

should complement rather than replace basic 

agronomic principles such as soil testing, 

balanced fertilization, proper irrigation 

scheduling and soil-moisture conservation. 

Conclusion 

Integrated Nutrient and Water 

Management is an important approach for 

achieving productive, profitable and 

sustainable agriculture. By combining 

balanced nutrient supply, organic inputs, 

efficient irrigation, moisture conservation and 

scientific scheduling, farmers can improve 

crop productivity while reducing wastage of 

valuable resources. Integration of modern 

technologies with sound agronomic practices 

can further improve nutrient-use efficiency and 

water-use efficiency. Wider adoption of 

INWM can contribute to improved soil health, 

conservation of water resources, reduced 

production costs and greater resilience of 

agricultural systems. 
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