https:/ /agritechpublication.com

ISSN: 3049-3374

Article ID: ATT20260311013

Trees That Heal the Soil: How Long-Term Agroforestry Systems Transform Soil

Health and Farm Productivity

Savita P Doni’, Yallappa B Doni?, Salma3 and Mounika M N#

1Ph.D. Scholar, Department of Soil Science and Agricultural Chemistry, College of Agriculture, University of
Agricultural Sciences, Dharwad - 580005, Karnataka, India.

2M.Sc. (Agri.), Department of Agronomy, University of Agricultural and Horticultural Sciences, Shivamogga -

577204,

3Young Professional, ICAR-IIPR, Regional Research Station, Dharwad - 580005, Karnataka, India,
4M.Sc. (Agri.), Department of Agronomy, College of Agriculture, University of Agricultural Sciences, Dharwad

580005, Karnataka, India,
Corresponding Author: savitadoni0806@gmail.com

Introduction

Healthy soil is the backbone of sustainable
agriculture, yet continuous monocropping and intensive
cultivation have steadily weakened its structure and fertility.
Scientists are increasingly highlighting agroforestry - the
integration of trees with crops - as a practical, nature-based
solution for restoring soil health. Tree-based farming systems
improve nutrient cycling, organic carbon storage and
biological activity below ground. Understanding how these
systems function can help farmers and planners build more
resilient and productive landscapes.

When Trees Become Soil Engineers

Soil is more than a growing medium - it is a living,
dynamic system that determines crop productivity, water use
efficiency and longterm farm sustainability. However,
continuous monocropping, heavy tillage and chemical-
intensive farming have degraded soil structure and nutrient
balance across many agricultural regions. Scientists and land
managers are increasingly turning toward agroforestry
systems - the deliberate integration of trees with crops and/or
livestock - as a powerful biological solution to restore soil

health.
Longterm agroforestry systems do not merely add
trees to farms. They redesign how nutrients cycle, how water

e Agrisilviculture (crops + trees)
e Silvipasture (trees + grasses)

o Agri-hortisilviculture (crops + fruit trees + forest
trees)

o  Agrisilvi-pastoral systems (crops + trees + grasses)

These diversified systems improve resilience while
steadily rebuilding soil quality over time.

How Trees Improve Soil Physical Properties

Soil physical properties determine root penetration,
water storage, and aeration. Long-term studies show that
agroforestry systems consistently improve these parameters.
Tree-based systems reduce soil bulk density and increase
porosity due to continuous organic matter inputs and root
channel formation. Lower bulk density allows better root
growth and water infiltration.

Research in Haryana under different agroforestry
systems showed that tree-based plots had lower bulk density
and higher infiltration rates compared to open cultivated
land. Surface soils (0-15 cm) showed the strongest
improvements because of litter deposition and biological

activity (Dahiya et al., 2022; Singh et al., 2018).

Table 1. Typical Changes in Soil Physical Properties Under
Long-Term Agroforestry

moves and how soil organisms function. Evidence from Soil Property | Sole Tree-Based | Soil Effect
multiple long-duration field studies shows that tree-based Cropping | Agroforestry
systems significantly improve soil physical, chemical and Bulk density Higher Lower Better root
biological properties compared to sole cropping and fallow penetration
systems (Singh et al., 2022). Porosity Moderate | Higher Improved
What Makes Agroforestry Different from Regular aeration
Cropping? Water Lower Higher Better
Agroforestry systems combine annual crops with holdingcapacity drougbt
perennial woody species in spatial or temporal arrangements. ‘ buffering
These systems mimic natural ecosystems more closely than Infiltration rate | Lower Higher Reduced
monoculture fields. Trees act as nutrient pumps, drawing runoff
minerals from deeper soil layers and returning them to the Hydraulic Moderate | Higher Faster
surface through leaf litter and root turnover. conductivity (surface) water
Major agroforestry models include movement
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These improvements are driven by litter addition,
fine root turnover and soil aggregation.
Chemical Fertility Gains: Nutrients Increase with Depth
Cycling

Tree roots extend deeper than most crop roots. They
absorb nutrients from subsoil layers that would otherwise
remain unavailable and recycle them to the topsoil through
litterfall. Over years, this process significantly enhances
nutrient availability.

Longterm poplar and eucalyptus agroforestry

systems in north-western India recorded:
e Higher soil organic carbon (SOC)
e Increased available nitrogen (N), phosphorus (P) and
potassium (K)
e Higher cation exchange capacity (CEC)
e Improved micronutrient availability (Zn, Fe, Mn,
Cu)
Agri-silvi-horticultural systems such as kinnow +
eucalyptus + wheat showed markedly higher SOC and
nutrient levels compared to systems without trees (Devi et al.,

2020; Singh et al., 2022).

Table 2. Soil Chemical Improvements Observed in Tree-
Based Systems

Parameter Trend Under Agroforestry

Soil organic carbon | Strong increase

Available nitrogen | Increase

Available Increase

phosphorus

Available potassium | Increase

CEC Increase

Micronutrients Increase

Soil pH Slight reduction (often beneficial in
alkaline soils)

Organic carbon enrichment is especially important
because SOC acts as the central regulator of nutrient supply
and soil structure.

Biological Activation: Microbes Thrive Under Trees

Soil biology responds rapidly to organic inputs. Tree
litter and root exudates provide continuous substrates for
microbial communities. Studies comparing agroforestry
systems with monocropping show:

e Higher bacterial and fungal populations
e  Greater microbial diversity

¢ Enhanced enzymatic activity

e Improved nutrient mineralization rates

In diversified tea-based agroforestry intercropping
systems, researchers observed significant shifts in microbial
community structure, including higher abundance of

beneficial bacterial groups. These microbes support nutrient
cycling and plant health (Zhang et al., 2021). Healthy
microbial ecosystems also improve soil aggregation and
stabilize organic matter.

Why Benefits Are Strongest Near the Surface

Across multiple longterm studies, a consistent
pattern appears: soil improvement decreases with depth.
Surface layers (0-15 cm) show the greatest gains in organic
carbon, nutrients, aggregation and microbial biomass.

This occurs because:

e Litter accumulates at the surface

e Root density is highest in upper layers

e Microbial activity is concentrated near organic
inputs

e Bioturbation is more active

However, deeper layers also benefit through
improved structure and nutrient redistribution over time.
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Trees act as vertical nutrient pumps, recycling minerals
from deep layers to the crop-accessible topsoil.

Fig. 1. Nutrient Pump Model in Agroforestry

Trees act as vertical nutrient pumps, recycling
minerals from deep layers to the crop-accessible topsoil.
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Carbon Sequestration: Climate Benefit with Soil Benefit

Agroforestry is recognized as a major carbon
sequestration pathway. Trees store carbon in biomass while
simultaneously increasing soil carbon stocks. This dual
storage makes agroforestry one of the most effective climate-
smart land use systems (Montagnini and Nair, 2004).

Higher soil carbon improves:
e Nutrient retention
e Water holding capacity
e Soil aggregation
e  Fertilizer use efficiency
Thus, climate mitigation and soil
improvement occur simultaneously.
Management Matters: Not All Tree Systems Perform
Equally

fertility

Research shows that soil improvement varies by:
o Tree species
e Root architecture
e Litter quality
e System design
e Duration of establishment

Systems combining fast-growing trees with crop
rotations often show faster soil response. Species that
produce nutrient-rich litter and fine root biomass contribute
more strongly to soil enhancement.

Tree selection should consider compatibility with
crops, rooting depth, litter quality and economic value.

Soil Property Comparison: Agroforestry vs Monocropping
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Fig. 2. Comparison of Soil Properties (Agroforestry v/s
Monocropping)
Longterm  agroforestry consistently
outperform monocropping in key soil health indicators.

systems

Practical Farm-Level Advantages

Long-term agroforestry adoption delivers measurable
farm benefits:

e Reduced fertilizer requirement over time
e  Better drought tolerance

e Improved soil moisture retention

e Lower erosion risk

e Greater yield stability

e Diversified farm income

These systems are especially valuable for rainfed and
marginal lands were soil degradation limits productivity.

Conclusion

Long-term agroforestry systems function as biological
soil restoration engines. By integrating trees with crops,
farmers can rebuild soil organic carbon, enhance nutrient
availability, improve soil structure and stimulate beneficial
microbial activity. Evidence from multiple field studies
confirms that tree-based systems consistently outperform sole
cropping in physical, chemical and biological soil health
indicators.

Agroforestry is not simply a diversification strategy -
it is a soil regeneration technology grounded in ecological
processes. As agriculture faces rising input costs, climate
variability and soil degradation, agroforestry offers a
scientifically validated and field-tested pathway toward
sustainable productivity.

References

Dahiya G., Bhardwaj K. K., Ahlawat L., Dhillon R. S., Singh
C. and Devi S. (2022). Soil physical properties as
influenced by different agroforestry systems in
Haryana. Ecology, Environment and

Conservation, 28(2), 984-988.

Devi S., Bhardwaj K. K., Dahiya G., Sharma M. K., Verma A.
K. and Louhar G. (2020). Effect of agrisilvi-
horticultural system on soil chemical properties and
available nutrients at different depths in
Haryana. Range Management and

Agroforestry, 41(2), 267-275.
Singh 1., Rawat P., Kumar A. and Bhatt P. (2018). Soil

physico-bio-chemical properties under different
agroforestry systems in Terai region of the Garhwal
Himalayas. Journal ~of  Pharmacognosy  and

Phytochemistry, 7(5), 2813-2821.

Singh ]., Singh B. and Dhaliwal S. S. (2022). Long term
impact of poplar and eucalyptus based agroforestry
systems on physico-chemical properties and nutrient
status of soil in north-western India. Range
Management and Agroforestry, 43(1), 66-73.

AgriTech
. Today

AgriTech Today Magazine: Volume 3, Issue 11 (February, 2026) 41


https://agritechpublication.com/

https:/ /agritechpublication.com ISSN: 3049-3374

Article ID: ATT20260311013
Zhang G., Chu X., Zhu H., Zou D., Li L. and Du L. (2021). | Montagnini F. and Nair P. K. R. (2004). Carbon
The response of soil nutrients and microbial sequestration: an underexploited environmental
community structures in longterm tea plantations benefit of agroforestry  systems. Agroforestry

and diverse agroforestry intercropping systems, 61(1), 281-295.
systems. Sustainability, 13(14), 7799.

* k ok k ok k ok k%

A FiTech AgriTech Today Magazine: Volume 3, Issue 11 (February, 2026) 42

m Today
S8


https://agritechpublication.com/

