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Conservation Agriculture (CA) follow three main principles: minimum soil disturbance,
permanent soil cover, and diversified crop rotations, and they promote the improvement
of soil physical properties that have a beneficial effect on water availability, root growth,
nutrient cycling, and crop production. This article reviews the effect of conservation
agriculture on major soil physical properties such as soil structure, bulk density, porosity,
infiltration, water-holding capacity, aggregate stability, penetration. .resistance, and soil
temperature.
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Introduction

Conventional tillage practices can accelerate soil degradation through disruption of soil
aggregates, enhanced organic matter decomposition, and exposure of the surface to erosion.
Conservation agriculture has emerged as an effective alternative by minimizing mechanical
disturbance and maintaining continuous soil cover. Crop residues protect the soil from
raindrop impact and excessive evaporation, and crop rotations enhance root variety and
biological activity, leading to improvement in physical condition of the soil and promoting
sustainable agricultural production. Conservation agriculture aims to conserve the resources
above and below the ground among which maintenance of soil structure by preventing the
destabilisation of the aggregates and soil gains the ability to maintain mineralisation of the
nutrients that need to be provided to the rhizosphere for supporting the plant growth and
development.

Effects of Conservation Agriculture on Soil Physical Properties

1. Soil Structure and Aggregate Stability

One of the greatest benefits of conservation agriculture is the improvement of soil structure.
Reduced tillage prevents destruction of soil aggregates and decomposing crop residues
increase soil organic matter which acts as a binding agent, and increased microbial activity
and fungal hyphae also help in stabilizing aggregates.

Improved aggregate stability results in:

e Improved soil aeration

e Better resistance to erosion

e Enhanced root penetration

e Improved water movement within the soil

e Long-term studies report significant increases in water-stable aggregates under
conservation agriculture compared with conventional tillage.

PRgri grticles ISSN: 2582-9882 Page 70

Earde de de e e Ao de o O e Lo e O e dp e O e de e e e e v e e Ao e e e de v Je e Le de e v e e Ao de e D de Ao e e v O O


mailto:yaminimaddela02@gmail.com

parde de de de de Ao de Ao Ao Ao e Ae e e Ao e e A Ae e e A e A U U U O Or Ur Ov dv dv dv dv de de de Ao 1o e e dr Or O de de de Ae Ae e e Or

Yamini and Kar (2026) Agri Articles, 06(05): 70-73 (SEP-OCT, 2026)

HOW CONSERVATION AGRICULTURE IMPROVES SOIL STRUCTURE & AGGREGATE STABILITY
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2. Bulk Density

Bulk density generally increases slightly during the initial years of no-tillage due

to the lack of mechanical loosening. However, after several years, biological activity of roots

and earthworms create natural pores that reduce compaction and improve soil structure, long

term residue retention and biological activity can reduce the compaction and improves the

porosity of the soil.

Long-term conservation agriculture often leads to:

e Lower surface compaction

e Improved root growth

e Better soil strength and stability

e These are especially noticeable after five or more years of continuous conservation
agriculture.

3. Soil Porosity

Retention of residue and reduced disturbance promotes the formation of macro- and

micropores. The presence of earthworm channels, root channels, and stable

aggregates increases the total pore space.

Higher porosity leads to:

e Improved oxygen diffusion

Increased root proliferation

Improved water infiltration

Improved soil drainage

The improved continuity of pores also facilitates deeper root growth and enhances

nutrient uptake.

e Increases organic matter

4. Water Infiltration Rate

Conservation agriculture significantly increases infiltration by protecting the soil surface and

maintaining continuous pore networks. Surface residues reduce the formation of crusts and

runoff, allowing rainfall to infiltrate more efficiently.

Benefits include:

e Reduced surface runoff

e Increased groundwater recharge

e Improved rainwater-use efficiency

e Reduced flooding and erosion

e Higher infiltration is particularly beneficial in rainfed agricultural systems
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5. Hydraulic Conductivity
Saturated hydraulic conductivity is improved under conservation agriculture because stable
aggregates and biological pores provide continuous pathways for water movement.
Higher hydraulic conductivity results in:
e Improved drainage
Reduced waterlogging
Improved soil aeration
Support for healthy root development
Global meta-analysis has shown significant improvements in saturated hydraulic
conductivity under no-tillage systems.
6. Soil Water-Holding Capacity
Crop residue mulch reduces evaporation while increased soil organic matter improves
the water retention. Organic matter acts like a sponge, storing water that can be utilized by
plants during dry periods.
If the soil moisture is maintained it can be utilised for sowing of the next crop, enhancing the
germination and maintenance of the plant population in the next generation.
Improved water-holding capacity results in:
e Enhanced drought tolerance
e Increased crop productivity Improves irrigation efficiency
e Reduces crop water stress
These are especially beneficial in climate variability and water-limited conditions.
. Soil Temperature

Residue cover moderates soil temperature by reducing direct solar radiation.

Residue mulch results in:

Keeping soils cool during summer

Reducing daily temperature variations

Protection of soil microorganisms

Improved seed germination conditions
Temperature moderation contributes to improved biological activity and better crop
establishment.
8. Soil Erosion
The permanence of soil cover is one of the most effective methods to reduce erosion. Crop
residues intercept raindrops and reduce runoff velocity, improving infiltration. Crop residues
placed on the surface of the soil will reduce the soil temperature thereby reducing the
evapotranspiration.
Residues on the surface resist the wind and water which prevents the displacement of the soil
particles by wind and water and reduce runoff.
Consequently:
e Sheet and rill erosion decrease
e Loss of nutrients decline
e Preservation of topsoil is achieved
e Sediment transport is minimized
These contribute to long-term soil conservation and sustainability.
9. Soil Compaction
Repeated conventional tillage often results in the formation of compacted layers (hardpans).
Conservation agriculture minimizes machinery traffic and encourages biological loosening
through roots and soil fauna. It promotes the zero tillage or reduced tillage. Initially the
compaction is more due to continuous movement of machinery over the same soil may cause
surface compaction.
Reduced compaction results in:
e Greater rooting depth
e Improved nutrient uptake
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e Improved water movement
e Higher crop productivity over time

Conclusion

Conservation agriculture improves soil physical properties by minimizing disturbance,
maintaining permanent cover, and increasing organic matter. It enhances soil aggregation and
structure, leading to improved root growth and improved soil stability. Long-term adoption
increases soil porosity, water infiltration, hydraulic conductivity, and water-holding capacity.
Although bulk density may increase slightly during the initial years, it generally improves
due to enhanced biological activity and natural pore formation. Conservation agriculture
effectively reduces soil erosion, surface runoff, and compaction, conserving soil quality.
Improved soil physical conditions increase water use efficiency, nutrient availability, and
crop productivity. Conservation agriculture enhances the resilience of agricultural systems to
drought and climate variability. Overall, conservation agriculture is a sustainable soil
management practice that supports long-term soil health, environmental conservation, and
sustainable agricultural production.
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