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Abstract

Water scarcity and declining soil fertility
are major constraints to sustainable agricultural
production, particularly in semi-arid regions.
Deficit irrigation (DI) has emerged as a water-
saving strategy aimed at enhancing water
productivity, while integrated nutrient
management (INM) ensures balanced nutrient
supply and long-term soil fertility. The interaction
between irrigation regimes and nutrient
availability plays a critical role in determining soil
health, crop growth and resource use efficiency.
This article examines the combined effects of
deficit irrigation and nutrient management on soil
physical, chemical and biological properties as
well as water productivity and crop vyield.
Evidence indicates that optimized irrigation
scheduling along with balanced nutrient inputs
improves soil quality, enhances water use
efficiency and sustains crop productivity under
water-limited conditions. The integration of these
approaches offers a viable pathway toward
climate-resilient  and resource efficient

agricultural systems.
Keywords: Climate resilience, Deficit irrigation,

Soil  health, Sustainable agriculture, Water
productivity and Water use efficiency

Introduction

Agricultural sustainability is increasingly
threatened by limited water resources, soil
degradation and climate variability (FAO, 2021).
Efficient use of water and nutrients has become
essential for maintaining productivity and
environmental quality. Deficit irrigation is an
approach in which water is applied below the full
crop water requirement with the objective of
maximizing water productivity rather than yield
alone (Geerts and Raes, 2009). Integrated nutrient
management involving the combined use of
inorganic fertilizers, organic amendments and
biofertilizers, plays a crucial role in sustaining soil
fertility and crop growth (Mahajan et al., 2018).

The interaction between soil moisture
and nutrient availability governs plant
physiological processes, nutrient uptake and
microbial activity (Havlin et al,, 2019).
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A comprehensive understanding of the
combined effects of deficit irrigation and
integrated nutrient management is crucial for
developing resilient and efficient cropping
systems.

Conceptual framework
Deficit irrigation strategies

Deficit irrigation involves the controlled
application of water below optimum levels,
allowing crops to experience mild water stress
during less sensitive growth stages. Approaches
such as regulated deficit irrigation, partial root-
zone drying and sustained deficit irrigation aim to
optimize water use efficiency while minimizing
yield reduction (Zhang et al., 2019). The success
of these strategies depends on crop type, growth
stage and environmental conditions.

Nutrient management approaches

Integrated nutrient management
includes the application of chemical fertilizers,
organic inputs such as farmyard manure and
compost and biological inputs like biofertilizers.
These practices enhance nutrient availability,
improve soil organic matter and support
microbial activity, thereby contributing to long
term soil health and productivity (Kumar et al.,

2020).
Interaction between water and nutrients

Soil  moisture significantly influences
nutrient solubility, mobility and uptake. Adequate
moisture facilitates nutrient diffusion and mass
flow, while nutrient availability influences root
development and water absorption (Taiz et al.,
2018). The interaction between water and
nutrients determines the efficiency of both
resources and directly affects crop performance.

Effects on soil health
Soil physical properties

Deficit irrigation influences soil physical
characteristics such as structure, aggregation,

bulk density and porosity. Moderate water stress
when combined with organic amendments can
improve soil aggregation and water holding
capacity. However, prolonged moisture deficit
may lead to soil compaction and reduced
infiltration.

Soil Chemical Properties

Soil chemical properties are significantly
affected by irrigation and nutrient management
practices. Deficit irrigation can reduce nutrient
leaching losses but may also limit nutrient
mobility under dry conditions. INM helps
maintain soil organic carbon, enhances nutrient
availability and improves cation exchange
capacity (Singh et al., 2021).

Soil Biological Properties

Soil biological activity including microbial
biomass and enzyme activity is highly sensitive to
both moisture and nutrient availability. Deficit
irrigation may reduce microbial activity but the
application of organic amendments and
biofertilizers can mitigate these effects. Enzymes
such as dehydrogenase, urease and phosphatase
serve as indicators of soil biological health and
are influenced by combined water and nutrient
management (Nannipieri et al., 2018).

Effects on Water Productivity

Water productivity defined as the ratio of
crop yield to water used is a critical parameter in
water limited environments. Deficit irrigation
enhances water productivity by reducing
evaporation and deep percolation losses (Geerts
and Raes, 2009).

INM further improves water productivity
by enhancing plant growth, root development
and transpiration efficiency (Kumar et al., 2020).
The combined application of deficit irrigation and
balanced fertilization ensures efficient utilization
of water for biomass production and yield
formation.
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High Crop Yield Soil Moisture Monitoring

Effects on crop yield
Yield response to deficit irrigation

Crop vyield wunder deficit irrigation
depends on the severity and timing of water
stress. Mild to moderate deficit irrigation may not
significantly reduce yields if stress is avoided
during critical growth stages. However, severe
water stress can negatively affect plant growth
and productivity.

Role of nutrient management in yield stability

INM plays a crucial role in maintaining
crop vyield under water limited conditions.
Adequate nutrient supply supports physiological
processes, enhances stress tolerance and

Wet Side

in Field

Improved Water Productivity Sustainable and Resilient Agriculture

improves nutrient uptake efficiency thereby
mitigating yield losses due to water stress.

Crop-Specific Responses

Different crops exhibit varying responses
to deficit irrigation. Crops such as wheat and
maize show relatively higher tolerance to water
stress, while rice requires more precise irrigation
management. The interaction between irrigation
and nutrient management must therefore be
tailored to specific crop requirements.

Synergistic and antagonistic interactions

The interaction between deficit irrigation
and integrated nutrient management can be
synergistic when optimal levels of water and
nutrients enhance each other's efficiency

GreenariA 04(05): 12-16

May - 2026 | 14



Sakshi et al., 2026

ISSN: 2584-153X

health,
yield.

resulting in  improved sall water

productivity and  crop However,

antagonistic effects may occur when insufficient
nutrient availability under water stress limits plant

growth. These interactions are influenced by soil
type, climate, crop species and management
practices (Raza et al.,, 2019).
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Figure 1. Conceptual framework showing the synergistic effects of deficit irrigation and integrated nutrient management
on soil health, water productivity and crop yield.

Summary

Deficit irrigation and integrated

nutrient management are interdependent
components of sustainable agriculture. Their
integration influences soil physical, chemical and
biological properties, improves water productivity
and supports crop yield under resource limited
conditions. Proper synchronization of irrigation
and nutrient inputs is essential for achieving
optimal resource use efficiency and maintaining

soil health.
Conclusion

The integration of deficit irrigation and
nutrient management offers a practical solution
to the challenges of water scarcity and soil
degradation.

While deficit irrigation improves water
use efficiency, nutrient management ensures
sustained soil fertility and crop productivity. Their
interaction is critical for optimizing agricultural
performance under limited resource conditions
the
sustainable and climate-resilient farming systems.

and contributes to development of

Future Insights

should
irrigation

Future research focus on

precision-based and  nutrient
management using advanced technologies such
as sensors, remote sensing and artificial
intelligence (Rai et al., 2024 and Abd Ghani et al.,
2024). The potential of nano-fertilizers and bio-
based inputs under deficit irrigation conditions

needs further investigation.
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Long-term studies on soil carbon

dynamics and ecosystem sustainability are

essential. Moreover, region-specific and crop-

specific strategies should be developed to

maximize the benefits of integrated water and

nutrient management under changing climatic

conditions.
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