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

) 4

1 AR T[e
A Q:"
Vi | =0

Publishing Skills...

gl gftnticles

(e-Magazine for Agricultural Articles)

Volume: 06, Issue: 03 (MAY-JUNE, 2026)
Available online at http://www.agriarticles.com
°Agri Articles, ISSN: 2582-9882

Impact of Agroforestry Practices on Soil Health
“Adarsh Singh' and M.A. Islam?
Ph.D. Scholar, Division of Natural Resource Management, Faculty of Forestry, SKUAST-K,
Benhama, Ganderbal, J&K-191201
“Professor-cum-Chief Scientist, Division of Natural Resource Management, Faculty of
_Forestry, SKUAST-K, Benhama, Ganderbal, J&K-191201
Corresponding Author’s email: adarshsinghadil9@gmail.com

oil is one of the most valuable natural resources and plays a fundamental role in

maintaining agricultural productivity, environmental sustainability, and ecosystem
stability. One of the most precious natural resources, soil is essential to ecological stability,
and agricultural output by providing vital nutrients, storing and regulating water, enhancing
aeration and supporting of microorganisms. Healthy soil promotes plant growth ecosystem
stability and agricultural output are based on healthy soil. Soil deterioration, which is
characterized by decreasing organic matter, erosion, compaction, nutrient depletion, and
decreased biodiversity of soil microorganisms, has been increasingly associated with intense
monoculture farming techniques.

Agroforestry, the deliberate integration of trees, shrubs, and livestock on the same
land unit, has emerged as one of the most promising land-use strategies for sustaining and
rehabilitating soil health in tropical, subtropical and temperate regions. It is a sustainable
land-use system that offers numerous ecological, economic, and social benefits.
Agroforestry’s potential to improve soil quality has long been recognised as a major benefit
since its inception as a scientifically recognised discipline and practice (Young, 1989; Nair,
2011). Agroforestry practices influence key soil parameters, including soil organic matter,
microbial activity, nutrient cycling, erosion resistance, and water retention. This article
examines how agroforestry practices enhance soil quality, promote biodiversity, and
contribute to sustainable agricultural production.

Agroforestry is crucial for mitigating and adapting to climate change in addition to
enhancing the physical, chemical and biological properties of soil. The system promotes
resistance against drought and harsh weather conditions, conserves soil moisture, improves
carbon sequestration both above and below ground, and moderates microclimate conditions.
Therefore, agroforestry is becoming more widely recognised to prevent soil degradation,
enhance ecosystem stability, and ensuring long term agriculture productivity. The use of
agroforestry techniques to improve soil health, biodiversity, nutrient cycling, and sustainable
agricultural output is examined in this article.

Soil Organic Matter and Carbon Sequestration

Soil organic matter (SOM) is one of the most reliable findings in agroforestry research. Trees
continuously shed leaf litter, fine roots, and woody debris, supplying a constant flow of
organic substances. Nair et al. (2009) found that agroforestry systems in tropical regions
sequester between 12 and 228 tonnes of carbon per hectare in above and below-ground
biomass, depending on the species combination and management intensity. Higher SOM
improves cation exchange capacity (CEC), aggregate stability, and water holding capacity.
Agroforestry systems are classified as carbon sinks in national greenhouse gas inventories
because of the carbon stored in these soils.
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Soil Microbial Diversity and Biological Activity

The soil microbiome, comprising bacteria, fungi, protozoa, nematodes, and earthworms,
underpins virtually every biochemical process essential to plant nutrient and soil structure.
Compared with monoculture systems, agroforestry produces a variety of microhabitats and
litter types that sustain richer microbial populations. Jose (2009) reviewed multiple studies
and concluded that mycorrhizal fungal networks are substantially more diverse and denser in
agroforestry plots than in adjacent conventional fields. These networks facilitate phosphorus
and water uptake by associated crop plants, effectively extending their root systems. Under
an agroforestry system, earthworm populations, which are crucial markers of the biological
health of the soil, also flourish. Earthworm activity improves soil aeration, macro- pore
formation, and organic matter decomposition, creating a beneficial loop for soil health.

Nutrient Cycling and Fertility

Biological Nitrogen Fixation (BNF) using leguminous trees like Gliricidia sepium,
Faidherbia albida, and Leucaena leucocephala is perhaps the most well-known use of an
agroforestry system in soil fertility management. These organisms fix atmospheric nitrogen
into ammonium that plants can use through a symbiotic partnership with rhizobium bacteria.
Sileshi et al. (2008) conducted a meta-analysis of 72 studies across sub-Saharan Africa and
found that maize yields under fertilizer-tree systems with Faidherbia albida or Gliricidia
sepium increased by an average of 100% to 200% without mineral fertilizer applications. The
tree litter in these systems transferred 40-200 kg N/ha/year to the soil, effectively substituting
for synthetic nitrogen inputs. This is especially significant for smallholder farmers in low-
income countries who cannot afford chemical fertilizers.

Soil Physical Properties: Structure, Erosion, and Water

The physical properties of soil, such as texture, structure, porosity, and water infiltration, are
largely determined by root dynamics and organic matter, both of which are improved by
agroforestry. Tree canopy cover limits surface sealing and crusting by reducing the energy of
rainfall impact. Tree roots simultaneously produce macropores that significantly boost
infiltration rates. Kuyah et al. (2012) measured soil erosion on sloped farmlands in western
Kenya and found that contour-planted agroforestry hedgerows reduced annual soil loss by
67% compared to open-row maize cultivation. A comprehensive review by llstedt et al.
(2016) found that trees in dryland agroforestry systems increased total soil water storage by
an average of 29% through improved infiltration and reduced evaporation from shaded soil
surfaces.

Challenges and Considerations

Agroforestry has numerous advantages, but it is also complicated. Tress and crops may
compete for light, water, and nutrition in poorly designed systems, especially during the early
stages of establishment (Ong and Leakey, 1999). It is necessary to adjust species selection,
spacing, and management intensity to local soil types, rainfall patterns, and farmer goals. In
some species combinations, the allelopathic effects- the production of chemicals from tree
roots that inhibit crop growth have also been reported.

Conclusion

The scientific evidence is compelling: agroforestry practices consistently and significantly
improve soil health across a wide range of ecological zones and farming contexts. By
enhancing soil organic matter, promoting microbial diversity, improving nutrient cycling, and
reducing erosion, agroforestry contributes to long-term soil fertility and ecosystem stability.
The integration of trees with crops and livestock also supports carbon sequestration and water
conservation, making it an environmentally beneficial practice. As agriculture confronts the
twin challenges of feeding a growing population and adapting to climate change, the
integration of trees into farming systems represents one of the most ecologically rational and
economically viable strategies available.
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