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ABSTRACT
[bookmark: _GoBack]The soil is the most important factor for sustaining life on earth by providing a base for plant growth and development. Land use changes like conversion of forest land into cultivable land may result in changes in soil chemical, biological, and physical characteristics. Maintaining and improving the soil health has become essential, not only to sustain the productivity of soil to meet the ever-increasing demand (food, fodder, fuel, and water) of the growing population but also to mitigate climate change, which benefits the farming community by ensuring a constant income along with preventing the soil from deterioration. Soil biological characteristics play a vital role in the assessment of the long-term health of agricultural soils or the identification of unhealthy soil. The present review focuses on the impact of different land uses, particularly forest and agroforest, on biological properties of soil.
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1. INTRODUCTION
	Every terrestrial ecosystem needs soil which is a dynamic and living resource, crucial for maintaining global biogeochemical cycling, ecosystem health and sustainable food production. Soil properties are considered as one of the key components that affect how various vegetation types are distributed and also important for accessing soil metabolic properties and health of terrestrial ecosystems (Shradha 2022). Soil health is associated with soil biological properties and are essential for maintaining the integrity of terrestrial ecosystems to remain intact or to recover from disturbances, such as climate change, drought, pollution, pest infestation and human exploitation including agriculture. Because poorly managed and contaminated soil can negatively impact groundwater, air, and surface water that we use, therefore in recent scenario soil health is a major concern for human, animal, and plant health (Das and verma 2011). According to FAO (2015) reports, around 25 per cent of the world’s soils has deteriorated severely, while nearly 50 per cent are considered moderately degraded due to various human-induced activities over recent decades. Disruptions in traditional fallow periods, largely driven by population growth and the consequent decline in per-capita land availability, have accelerated the loss of soil fertility. When natural ecosystems are converted into agricultural land, recoded recordedsubstantial declines in soil organic carbon, about 60% loss in temperate regions and 75% or more in tropical areas. Therefore, one of the main objectives in the development of sustainable agriculture is to improve soil health (Fahad et al. 2022). Inappropriate soil management practices and the conversion of native forests ecosystem into agriculture land can negatively affect the soil health. Land use is characterized by the arrangements, activities and inputs, applied by humans within a specific land cover type to maintain or modified it (Garcia et al. 2000). Different land uses influence soil aggregation, aggregate stability and overall soil health. These practices may change soil properties, thereby affecting nutrient distribution, availability and biological processes within the root zone (Wang et al. 2012). Soil quality indicators can be divided into three main categories: physical, chemical and biological, and biological indicator is considered as a superior soil quality indicator due to their quick response to environmental changes (Sharma et al. 2023) (table 1.). Physical, chemical and biological characteristics of soils vary because of variation in topography, climate, weathering processes, vegetation cover, microbial activities as well as processes of soil formation. Each property of soil has its own importance and these properties are interrelated with each other. Soil microorganisms are important components of terrestrial ecosystems because they play a vital role in intrinsic phenomena like nutrient cycle, organic matter decomposition which directly involve in maintaining soil fertility, its structure and overall soil health (Chandra et al. 2016). Agroforestry or the integration of woody perennials within agriculture landscape is a promising approach to address the challenges of climate change (Nongmaithem et al. 2023) while also providing a range of other benefits such as enhance ecosystem functioning by regulating site microclimate, and modifying soil physical structure, moisture regime, infiltration capacity and chemical properties. In addition, litterfall, root proliferation, and canopy expansion promote nutrient cycling and accumulation of organic matter in the surface soil layer, thereby improving soil properties (Pandey et al. 2000). Among different soil properties biological properties offer early insights into mineralization, nutrient supply, soil development, conservation, and overall soil fertility as well the impact caused by shift in land use or farming practices, such as tillage, application of insecticide, inorganic fertilizer and different types of organic matter. Understanding soil biological properties is not only important for soil management but also for prevention and control of crop pests and diseases.	Comment by Ibrahim Raji: assessing?
2. METHODOLOGY
This review paper was prepared by analysing previously published relevant peer review literature such as scientific research article, review paper, and book, were collected from well-known major academic databases such as ResearchGate, Google Scholar, PubMed and Web of Science. The literature search used the following key words: biological properties, agroforestry, soil micro-organism, microbial biomass, and includes publications from 1997 to 2025.
3. SOIL BIOLOGICAL PROPERTIES
Soils host a complex web of organisms which can influence soil evolution and specific soil physical and chemical properties such as soil structure, colour, porosity, density, consistency, porosity, aggregate stability, aeration, soil nutrient content, pH, cation exchange capacity, and soil organic matter, etc. (Patgiri et al. 2025). Globally, soil fertility is becoming the major issue due to climate change which declines soil properties by changing the soil biota (fauna and flora both). Biological properties include measurements of macro and micro-organisms, their activities or functions such as soil organic matter, microbial biomass, soil respiration, enzymatic activity, soil microbial count and diversity etc.
3.1 Soil organic matter
Soil organic matter is an important soil quality indicator that influences soil biological as well as soil physical, and chemical properties. Soil organic matter (SOM) is the living material and residue (dead material) of biological origin present in the soil and is universally used in soil quality assessment systems (Riches et al., 2013). SOM content varies with changes in climate, soil and crop management similarly, it is affected by intensity of grazing, incorporation of crop residues or the addition of organic matter fractions and by soil management practices such as minimum or conservation tillage. A steady state of SOM concentration in any ecosystem reached when carbon inputs to soil is equal the losses from erosion, respiration, and leaching (Haynes, 2005). Soil organic matter and nutrient availability can be used as essential indicators of not only soil quality and fertility, but also soil microbial abundance and biomass, and changes in soil pH and bulk density can significantly affect soil microbes and their activities (Ngaba et al. 2023). Generally, agricultural soil has a significantly lower soil organic matter concentration than undisturbed soils of the same type (Baldock et al. 2010). Soil organic carbon stock found higher even at steep slopes under tea and coffee agroforestry system (Rajan et al. 2024). Agroforestry contributes to a greater build-up of soil organic carbon (SOC) compared to monoculture by enhancing soil aggregation, which in turn, protects soil carbon within these aggregates and improves the soil's structural stability (Muchane et al. 2020). The integration of trees in agroforestry systems increases soil organic matter through the addition of both aboveground and belowground litter.
3.2 Soil microbial biomass
Soil microbial biomass indicates the living portion of soil organic matter, excluding macrofauna and plant roots and comprises bacteria, archaea, protozoa, actinomycetes, and fungi, and mainly responsible for the conversion of complex into available form of nutrients, decomposition and mineralization of the organic matter fraction that acts as a sink and source of nutrient which become available during the turnover of microbial biomass (Riches et al. 2013, Chandra et al. 2016). It is widely used biological indicator, in the assessment of soil quality. Microbial biomass is very important in soils of the tropical and subtropical region as a pool of available nutrient for plant uptake (Nogmaithem et al. 2023). Lori et al. (2023) observed higher microorganism count, microbial biomass, nutritional status (C and N) of the soil, and respiration in organic soil as compare to conventional soils.
3.3 Abundance and diversity of microbial communities
The soil environment is rich in biological life and represents one of the most diverse and abundant ecosystems on Earth. Soil organisms include plants, animals, and microorganisms, carry out essential functions that support soil formation, improve soil structure, and enhance its overall productivity (fig.1). Soil microorganisms represent the most diverse biotic group in soil, varied from one million to one billion microorganisms per one gram of agricultural top soil moreover, bacteria dominate in grassland and agricultural soils, whereas, fungi are more prevalent in forest and acid soils (Tugel and Lewandowski 1999). Soil fauna is categorized based on their size into three primary invertebrate groups: microfauna, mesofauna, and macrofauna (Ramos et al. 2025), and one of the main determinants of agricultural soil health (Ortiz et al., 2023). Crop rotation systems may support high soil microorganism diversity and activity than monoculture systems due to increased and more diverse residues and specific interactions occurring between certain plants and organisms (Olfert et al., 2002). Choudhary and Rijhwani (2022) recorded higher microbial diversity in agroforestry and the agro-silvopastoral system as compared to monoculture, as integrating trees provide favourable conditions for soil microflora to flourish.	Comment by Ibrahim Raji: range?
Soil fauna determines soil health, of the any ecosystem. Agroforestry practice has significant impact on soil microbial communities, due to presence of heterogeneous tree species, and shrubs with varying food and microhabitats, adequate moisture and temperature, further, root exudates in rhizosphere serves as substrates for different microbial communities, thereby increasing the diversity of microorganism (Romas et al. 2025, Beule et al., 2022). Agroforestry systems provide a more congenial habitat for soil macrofauna, such as ants, earthworms, and beetles. These organisms enhance soil aeration, structure, and nutrient cycling through their feeding, and burrowing and activities. 	Comment by Ibrahim Raji: Not listed
3.4 Soil enzyme
The enzymatic activity of soil is controlled by many factors such as residue and SOM quantity and quality, initial nitrogen (N) content, are major limiting factors for soil organism activity, along with these, other soil factors that promote activity are adequate levels of oxygen, near-neutral pH, temperatures between 85-95°F, and 50-60% moisture ((Brady and Weil, 2002) (table.2)
3.5 Soil respiration
Soil respiration can be defined as the flux of CO2 from soils to the atmosphere and it is considered as a good indicator of the overall soil biological activity and soil quality. Soil respiration is highly variable and fluctuates based on substrate availability, temperature and moisture, root biomass and microbial biomass (Riches et al. 2013). Generally, agroforestry system exhibited higher soil respiration as a result of its positive influence on both, autotrophic respiration (increasing root biomass) and heterotrophic respiration (by increasing soil organic matter and microbial biomass and activity) compared to monoculture cropping systems (Ngaba et al. 2023).
4.CONCLUSION
The overview of available literature revealed that microbial properties of the soil are significantly affected by vegetation cover and climate due to differences in litter quality, quantity, root exudates and soil properties which in turn affect the soil microbial biomass and microbial efficiency in carbon utilization. Natural forest has a higher soil microbial biomass and enzymatic activity as compared to man-made ecosystems and conversion of natural forests to agriculture and agricultural intensification lead to a loss of soil carbon contents, changes in microbial biomass, its activity which decreases soil quality. Microbial biomass and activity decrease as depth increases which is attributed to lesser availability of SOC. Adopting a tree-based farming system is one of the alternative sustainable land uses which helps in preventing soil degradation, improve soil fertility, microbial diversity, and organic matter status as well as physical and chemical properties of soil. 
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Table 1. Soil Chemical, physical, and biological properties
	Physical
	Chemical
	Biological properties

	Texture
	PH
	Microbial biomass

	Bulk density
	Electrical conductivity
	Soil respiration

	Soil porosity
	Cation exchange capacity
	Enzyme activity

	Water holding capacity
	Organic matter
	Soil biodiversity

	Depth
	Major elements
	Abundance of soil microflora

	Mineral composition
	Heavy metal
	Abundance of soil fauna

	
	Salinity
	Mineralizable N


(Source: Pankhurst et al.1997)

Table 2. Soil enzyme as an indicator of soil health
	Soil enzymes
	Reactions
	Indicator of microbial activity

	Cellulase
	Cellulose hydrolysis
	C – cycling

	Phenol oxidase
	Lignin hydrolysis
	C – cycling

	Dehydrogenase
	Electron transport system
	C – cycling

	Urase
	Urea hydrolysis
	N- cycling

	Amidase
	N-mineralization
	N – cycling

	Phosphatase
	Release of PO₄¯
	P – cycling

	β-glucosidase
	Cellobiose hydrolysis
	C – cycling

	Arylsulphatase
	Release of SO₄͞
	S – cycling


(Source: Das and Verma 2011)


[image: ]
(Source: Pankhurst et al. 1997)
Fig. 1. The composition of a typical fertile soil in terms of its biota, functional groups of microorganism and processes carried out by microorganism









Table 3. Variation in soil biological properties under different land use systems
	No.
	Reference
	Land use systems
	Soil biological properties
	Result

	1
	Zoungrana et al. (2024)
	Agroforestry fallow    Agroforestry intercropping, agroforestry grazing and  Protected area 
	Earthworm diversity
	The diversity of earthworms was higher in agroforestry intercropping systems and agroforestry fallow systems than in the protected area and agroforestry grazing.



	2
	Kumar (2023)
	Silviculture Silvopasture    Agri-horticulture Horticulture             Horti-olericulture
	Microbial count (cfu g-1 soil)
	The highest CFU count of bacteria, fungi, and actinomycetes were recorded in Horticulture system (8.75 ×107cfu g-1 soil,  12.25 ×103 cfu g-1 soil,  7.25 ×105cfu g-1 soil) whereas, lowest CFU count of bacteria, fungi and actinomycetes were recorded in Agri-horticulture system (7.14 ×107cfu g-1 soil, 8.92 ×103cfu g-1 soil, 5.81 ×105cfu g-1 soil), respectively.

	3
	Kumar et al. (2023)
	Jhum             Natural Forest   Fallow jhum       Pine apple
	Soil microbial biomass carbon (SMBC) µg g-1 dry soil, dehydrogenase activities (DHA) µg TPFg-1 soil h-1 and active carbon pool 
	The significantly higher concentrations of SMBC under natural forest (497, 449, 352 µg g-1 dry soil) at 0-15, 15-30 and 30-45 cm, respectively, and the lowest was recorded in jhum land use which was 306, 292 µg g-1 dry at 0-15 and 15-30 cm soil layers while at 30-45 cm soil layer it was at par with fallow jhum and pineapple land use.                                                                                                                            
The significantly highest DHA found in the natural forest (61.6, 54.0 and 50.7 µg TPFg-1 soil h-1) and lowest was recorded in jhum land (43.7, 36.3 and 30 µg TPF g-1 soil h-1) at respective soil layers.                                                                     
The significantly higher amount of active carbon pool in natural forest in different soil layers, followed by pineapple and least was recorded in jhum land-use systems


	4
	Nongmaithem et al. (2023)
	Litchi based AFS Poplar based AFS Semal based AFS Mango based AFS               Teak based AFS

	TOC (Total organic carbon), basal respiration (BR), SMBC (soil microbial biomass carbon), and enzymatic activities
	Poplar based AFS recorded significantly higher TOC (11.45 and 9.28 Mg C ha-1) and BR (0.635 and 0.307 µg CO2-C g-1 h-1) compared to the lowest (0.475 µg CO2-C g-1 h-1) under Mango based AFS in the surface (0.307 µg CO2-C g-1 h-1) and Semal based AFS (0.24 µg CO2-C g-1 h-1) in the subsurface soil.                                                          
The highest SMBC was recorded under Teak based AFS at surface (217.70µg g-1) and subsurface soils (136.54 µg g-1) while it was lowest (124.78 and 87.61 µg g-1 at surface and sub surface soil, respectively) under Semal based AFS.
Similarly, in the enzyme activities, Teak based AFS were higher in the FDA (fluorescein diacetate activity) 36.12  (mg fluorescein kg-1 hr-1) ; 33.14 (mg fluorescein kg-1 hr-1) and ALP (alkaline phosphatase activity) 397.87 (µg p-nitrophenol g-1 hr-1) 323.84 (µg p-nitrophenol g-1 hr-1) at surface and sub-surface soils whereas, DHA (dehydrogenase activity) was higher in the Poplar based AFS in surface (17.25µg TPF hr-1 g-1) and subsurface soil (15.63µg TPF hr-1 g-1). The lowest DHA was found in the Litchi based AFS which was (12.35µg TPF hr-1 g-1) (9.26µg TPF hr-1 g-1) in surface and subsurface, respectively.


	5
	Wu et al. (2023)
	Man-made forest: Pinus yunnanensis (PF) and Eucalyptus smithii (EF); and natural secondary forest (NSF)
	PLFAs (phospholipid fatty acid)
	Total PLFAs and all the biomass of individual PLFA (bacteria, fungi, actinomycetes, AMF (Arbuscular mycorrhiza fungi and protozoa) were significantly higher in the soil of NSF followed by PF and EF, except for fungi and protozoa.



	6
	Maini et al. (2022)
	Forestry Agroforestry Horticulture     Agri-horticulture Agriculture and Eroded land
	Dehydrogenase activity (DHA), urease activity and basal soil respiration (BSR)
	Observed high dehydrogenase activity (DHA) (12.8 μg TPF g-1 h-1), urease activity (4.77 μg NH4-N g-1 soil min-1) and basal soil respiration (0.30 μg CO2 g-1) in mango based agri-horticulture system and lowest DHA (7.4 μg TPF g-1 h-1), urease activity (3.31 μg NH4-N g-1 soil min-1) and basal soil respiration (0.13 μg CO2 g-1) in eroded soil whereas, eucalyptus based forestry system has recorded highest microbial biomass (242.6 μg g−1 soil) and lowest in eroded land (46.5 μg g−1 soil).


	7
	Prajapati et al. (2022)
	Melia dubia-Hybrid Napier based silvipasture system with spatial configuration
	Microbial count (cfu g-1 soil)
	Fungal population was minimum (0.25 x 106 cfu/g) in (2 x 2 m) M. dubia spacing and maximum (3.25 x 106 cfu/g) in open field before HN planting. It was increased with increase in M. Dubia spacing and found maximum (3.88, 2.88 x 106 cfu/g) during summer and monsoon under HN sole cropping and 3.75 x 106 cfu/g during winter in M. dubia (4 x4 m) after HN planting.   
Bacterial population was maximum (61.00 x 107 cfu/g) in M. dubia (2 x 2 m) spatial configuration before HN planting while after HN planting found maximum under the same treatment (144.88, 300.0 and 187.13 x 107 cfu/g) in summer, monsoon and winter respectively.                                                                                        
Actinomycetes population was found maximum (4.0 x 106 cfu/g) under M. Dubia (2 x 2 m) configuration before HN planting, while after planting it was also found maximum under same spatial configuration (10.50, 4.38 and 30.75 x 106 cfu/g) in summer, monsoon and winter, respectively.


	8
	Prajapati et al. (2022)
	Melia dubia and   Sorghum
bicolor x Sorghum bicolor var. Sudanese (Sorghum sudan grass; SSG) based silvi-pasture system with 2x2, 3x2, 3x3, 4x2
and 4x4 m with SSG as intercrop and sole SSG
	Microbial count (cfu g-1 soil)
	The results showed that tree spacing significantly affected microbial population. Among silvi-pasture and sole SSG, microbial population count was higher in closest spacings. 
Soil fungal population, was minimum (0.5 x 106 cfu/g) before planting of SSG under 2 x 2 m and 3 x 3 m spacing and found maximum (3.5 x 106 cfu/g) in field kept for SSG sole cropping whereas, bacterial population, at SSG planting, was maximum (243.75 x 107 cfu/g) in M. dubia (2 x 2 m) system and minimum (49 x 107 cfu/g) in sole cropping. Furthermore, actinomycetes population, at SSG planting and final SSG harvest was maximum (6.25 x 106 and 5.75 x 106 cfu/g, respectively) in M. dubia (2 x 2 m) SSG system and minimum (0.5 x 106 cfu/g) was observed in sole SSG system.
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	Shradha (2022)
	Effect of altitude (<1300, 1300-1600 and >1600 m) and aspect (Northern and western) under reserved forest
	Microbial count (cfu g-1 soil)
	Result revealed that the highest  bacterial (218  ×107 cfu  g-1 soil), fungal (21.6 ×104 cfu g-1 soil) and actinomycetes count (65.3×104 cfu  g-1 soil) at higher  altitude  (>1600  amsl)  on  northern  aspect whereas, lowest bacterial (113.5 ×107 cfu  g-1 soil), fungal (7.4 ×104 cfu  g-1 soil) and actinomycetes count (33.8 ×104 cfu  g-1 soil)  was recorded  at  lower  altitude  (<1300  amsl)  on western  aspect.
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	Singh et al. (2021)
	Pure plantation              Agroforestry systems (AFS) Silvopasture Scrubland and Crop land     
	MBC (soil microbial biomass carbon) and basal respiration
	Acacia nilotica-based agroforestry system recorded with maximum MBC, and the lowest was observed in cropland (control), while basal respiration was highest under silvopasture system, followed by Acacia nilotica-based agroforestry system and lowest in cropland (control)
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	Asfaw and Zewudie (2021)
	Homegarden and coffee-based agroforestry systems
	Macrofauna abundance
	Higher number of macrofauna observed under home garden agroforestry system than in the Coffee-based agroforestry system


	12
	Singh et al. (2020)
	Garden                        Grassland       Forest    Agricultural field and Leaf litter

	Earthworm Diversity and abundance
	The diversity and abundance of earthworms was found in the decreasing order of Garden > Grassland > Forest > Leaf litter > Agricultural field.
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	Bargali et al. (2018)
	Mixed oak-pine forest              Banj-oak (Quercus leucotrichophora) and              Chirpine (Pinus Roxburghii) forest
	MBC (soil microbial biomass carbon)
	Higher MBC (soil microbial biomass carbon) was recorded in the Mixed oak-pine forest soil than Banj-oak (Quercus leucotrichophora) and Chirpine (Pinus Roxburghii) forest soils.
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	Singh et al. (2018)
	Agroforestry systems and agriculture  
	Microbial count (cfu g-1 soil)
	Quercus leucotrichophora showed significantly higher bacterial (62.67 × 106 cfu g-1 soil) and fungal (123.67 × 104 cfu. g-1 soil) in surface and sub-surface soil (33.33 × 106 cfu g-1 soil), (58.67 × 104 cfu. g-1 soil), respectively. The minimum bacterial and fungal population in both surface (35.00 × 106 cfu g-1 soil), (45.67 × 104 cfu g-1 soil) and sub-surface soil (13.00 × 106 cfu g-1 soil), (12.33 × 104 cfu g-1 soil), respectively, was found in agriculture.


	15
	Chandra et al. (2016)
	Sal, Sal mixed, Pine, Oak-mixed and oak
	MBC, MBN (microbial biomass nitrogen) and MBP (microbial biomass phosphorus)
	Soil microbial biomass carbon (MBC), microbial biomass nitrogen (MBN) and microbial biomass phosphorus (MBP) were recorded highest in Oak stand and lowest in the sal stand whereas, higher basal respiration in Oak mixed stand and lowest in the sal mixed stand.


	16
	Shahu et al. (2016) 
	Natural forest, Pasture land, Sugarcane and Rice monoculture
	CO2 evolution (mg CO2/m2/h), Invertase activity (μg glucose/g dry wt./h) and phosphatase activity (mg PNP/g dry wt./h)
	The evolution of CO2 was higher in forest land (2334.99 mg CO2/m2/h) and the lowest in the sugarcane field (1170.59 mg CO2/m2/h). The highest invertase was found to be in rice field (8.93 μg glucose/g dry wt./h) while, least was observed in pasture land ((6.71 μg glucose/g dry wt./h) similarly, phosphatase activity was found highest in forest land (1.04 and 0.83 mg PNP/g dry wt./h for acid and alkaline phosphatase respectively) and lowest levels were found in pasture land ((0.61 and 0.38 mg PNP/g dry wt./h for acid and alkaline phosphatase respectively) further the highest dehydrogenase activity was observed in forest (57.53 μg TPF/g dry wt./h)


	17
	Radhakrishnan   and   Varadharajan (2016)
	Agroforestry systems
	Microbial count (cfu g-1 soil)
	Ailanthus excelsa and Gmelina arborea based agroforestry system showed highest bacterial and fungal count while lowest were recorded under Santalum album and Tectona grandis based agroforestry system.  Actinomycetes population was found high under Tectona grandis and lowest in Ailanthes excelsa-based agroforestry system.                                                                                                                        
In the total microbial diversity bacterial population was recorded maximum (64%), followed by actinomycetes (23%) and fungi (13%) in different agroforestry systems.
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	Pal et al. (2013)
	Forest, Grassland, Horticulture, Agriculture and Wasteland
	MBC, MBN, MBP, APHA (Acid phosphatase) and DHA (Dehydrogenase activity)
	All the soil biological properties like MBC, MBN, MBP, APHA (Acid phosphatase) and DHA (Dehydrogenase activity) was highest (576 mg kg-1, 31.24 mg kg-1, 6.55 mg kg-1, 29.6 mg PNP g-1 h-1 and 35.65 μg TPF 24 h-1 g-1 dry soil, respectively) under surface soil of forest  and least in 45-60 cm soil layer under wasteland (198 mg kg-1, 8.98 mg kg-1, 2.21mg kg-1, 15.46 mg PNP g-1 h-1 and 18.6 μg TPF 24 h-1 g-1 dry soil), respectively


	19
	Tangjang et al. (2008)
	Seasonal and depth wise variation in microbial population in Traditional agroforestry systems (Harmutti, Nirjuli and Doimukh site)
	Microbial count (cfu g-1 soil)



	Maximum bacterial population observed in spring season in all the sites and minimum during winter while fungal counts were higher during autumn in all the sites and minimum during winter
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	Chander et al. (1998)
	Dalbergia sissoo plantation intercropped with wheat-cowpea cropping sequence with different spacing (10 x 10 m, 10 x 5 m and 5 x 5 m)
	Microbial biomass and enzyme activity
	Maximum microbial biomass carbon (261 mg kg-1soil), dehydrogenase (39 mg TPF g-1 soil 24 h-1) and alkaline phosphatase (946 mg PNP g-1soil h-1) activities in the narrowest tree spacings (5 x 5 m) and decreased as the spacing increased while minimum MBC and enzyme activity were recorded in soil where only crops were grown
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