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Abstract Soil hydro-physical behaviour was stud-

ied under a 20-year old agroforestry plantation

consisting of five multipurpose tree species (Pinus

kesiya Royle ex-Gordon, Alnus nepalensis D.Don,

Parkia roxburghii G.Don, Michelia oblonga Wall.

and Gmelina arboria Roxb.) maintained under

normal recommended practices at Indian Council

of Agricultural Research (ICAR) Complex,

Umiam, Meghalaya, India. The aim was to select

tree species, which could act as better bio-amelio-

rant as well as provides higher economic return in

highly degraded soil of northeastern hill region of

India. A site without vegetation (no tree) nearby

the plantation was also selected as control for

comparison. Soil samples for various hydro-phys-

ical analysis, were taken from 0–15 and

15–30 cm soil depth at a distance of 1 m from

respective tree species during wet and dry season of

2003–2004. No appreciable differences in relative

contents of textural separates of sand, silt and clay

were observed among various tree covers. Surface

cover with constant leaf litter fall and extensive

root system increased soil organic carbon, helped

in better soil aggregation, improved water trans-

missivity and infiltrability and in turn, reduced soil

erosion in the present study. However, due to

variation in quantity of leaf litter fall and root

biomass, these parameters differed among tree

species. Of the tree species, P. kesiya, M. oblonga

and A. nepalensis were found to be rated best for

bio-amelioration of soils as these tree covers had

more root and shoot biomass and more litter fall

compared to other species. However, considering

both timber production and improvement in

hydro-physical behaviour, M. oblonga was found

best among the tested tree species. The study, thus,

suggested that inclusion of tree species M. oblonga

in agroforestry system is a viable option for natural

resource management and could sustain long-term

soil productivity in a highly degraded soil of this

region as well as for food security of the resource

poor people of North East India.
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Introduction

Shifting cultivation coupled with excessive defor-

estation [net loss of 1577 km2 forest cover

between 1999 and 2001 (Anonymous 2001)] are

major constraints for sustainable crop production
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in hill slopes of northeastern India, resulting in

more than 40% area falls under wastelands. High

rainfall coupled with faulty land use practices,

particularly the shifting cultivation has rendered

the resource base in a fragile state, leading

tremendous run-off and soil loss [200 t ha–1 yr–1

(Prasad 1987)] to soil erosion, severe siltation of

river bed and floods, steep decline in soil fertility,

poor soil physical health and uncountable loss of

bio-diversity. Among various losses of resource

base mentioned, soil hydro-physical constraints

can severely limit crop production even if nutri-

tional constraints are alleviated by additions of

chemical amendments (Lal 1989a).

Presence of trees within a landscape affects its

hydrological characteristics (Pereira 1979), just as

deforestation increases the run-off (Lal 1981).

Agroforestry, in this context, is the most viable

option to tackle the problem of degraded lands

and to bring about eco-restoration and mainte-

nance of soil resources (Dhyani and Chauhan

1995). Agroforestry systems in the hills indicate

superiority over traditional land use systems (e.g.

shifting cultivation) under high rainfall, moderate

to steep slopes and shallow soil depth condition

(Singh et al. 1989). Moreover, it has been recog-

nized as a carbon sequestration strategy because

of its applicability in agricultural lands as well as

in reforestation programs (Cairns and Meganck

1994). Trees being perennial in nature, a large

quantity of litterfalls and fine-roots likely to

influence physico-chemical properties of soils in

long-term (Lal 1989a) as they enrich the soil with

organic matter and nutrients by rapid turnover,

intercept blocked nutrients and recycle them in

the surface (Tufekcioglu et al. 1999; Allen et al.

2004). Fine roots represent a dynamic portion of

below ground biomass, nutrient capital and a

significant part of net primary production in any

eco-system (Hendrick and Pregitzer 1993).

Over the years a number of agroforestry

practices have been developed and are being

evaluated for their productivity in India (Dhyani

and Tripathi 1999). However, very little is known

about the long-term effect of forestry and agro-

forestry systems on soil hydro-physical behaviour,

particularly under hilly eco-system where level of

soil degradation is very high. The present inves-

tigation thus attempted to evaluate the impact of

multi-purpose tree species maintained under a 20-

year old agroforestry (Agri-silvicultural) system

on soil hydro-physical environment and to select

a tree species, which can act as bio-ameliorant in

degraded soils of NEH region in India.

Materials and methods

Experimental site

The study was carried out with different tree

species planted under agri-silvicultural system in

1983 at Indian Council of Agricultural Research

(ICAR) Complex for North East Hilly (NEH)

Region, Umiam located at 25�41¢21† North (lat-

itude) and 91�55¢25† East (longitude) with an

altitude of 980 m above mean sea level. The

station situated in the central part of Meghalaya

in the East Khasi Hills of Northeast India. The

mean annual rainfall of the area is 2439 mm with

coefficient of variation of 15.96%. Most of the

rains are confined to May–November months of

the year. The daily temperature during a year

varies widely between 2.5 (January) and 32.5�C

(August). Five multipurpose tree species evalu-

ated in this study were Khasi pine (Pinus kesiya

Royle ex-Gordon), Alder (Alnus nepalensis

D.Don), Tree bean (Parkia roxburghii G.Don),

Champak (Michelia oblonga Wall.) and Gumhar

(Gmelina arboria Roxb.). A control plot without

tree plantation (natural fallow) was also main-

tained nearby the agri-silvicultural system since

1983. Soils are Typic Paleudalf, highly acidic

(pH 4.5–6.5) in reaction and high in organic

carbon content (2.97%) with an average slope

of 32–53% (Majumdar et al. 2001).

Soil analysis

The experiment was laid out in a completely

randomized block design with six treatments (five

tree species and one control) replicated thrice.

Detailed schematic diagram of a block under a

particular tree species is presented in Fig. 1. Each

treatment had standard plot size of 130 m2

accommodating twelve plants per plot (Fig. 1).

The periodical soil samples both in dry (Febru-

ary) and wet (July) season were collected in the
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year 2003–2004 from 0–15 and 15–30 cm soil

depth at different blocks under all the multipur-

pose tree species including control (natural fal-

low). For all the treatments except control soil

samples were collected from three different loca-

tions each at a distance of 1 m from tree species

as suggested by Dhyani and Tripathi (2000). Soil

samples from control were collected randomly

from three locations. Samples were brought to the

laboratory and approximately 250 g (on an oven-

dry basis) of each sample was taken for deter-

mining aggregate size distribution. The remaining

portion was air-dried at room temperature and

passed through 2-mm sieve for analysis of hydro-

physical properties such as organic carbon, parti-

cle size distribution and erodibility indices. Bulk

density, porosity and hydraulic conductivity were

measured on the basis of undisturbed core

samples collected from respective treatments.

Particle size distribution and bulk density were

determined following the methods by Black

(1965). Soil organic carbon was determined by

Walkley and Black’s wet-digestion method (Jack-

son 1973). The aggregate size distribution was

determined by wet sieving method (Yoder 1936)

using a set of sieves of 5.6, 3.4, 2, 1, 0.50, 0.25 and

0.125 mm diameter. Aggregates of 4–8 mm size

were first separated from the bulk soil by dry

sieving. About 50 g of this aggregate was put on

the first sieve of the set and gently moistened

from the below to avoid a sudden rupture of

aggregates. After soaking the soil for 10 min the

set was shaken in water for 10 min at 30 oscilla-

tions per min. The amount of soil retained on each

sieve, after correction for sand content, was used

for calculating the mean weight diameters (MWD)

of the water-stable aggregates following van Bavel

(1949). The percentage weight of water-stable

aggregates retained on sieves >0.25 mm diameter

was expressed as water-stable macro aggregates.

Total porosity was determined in undisturbed

water saturated cores assuming no air tapped in

the pores. Soil infiltration rate was determined

using double ring infiltrometer on a pre-wetted

soil for 48 h (Richards 1954). Soil water charac-

teristics curves at different suction gradients (–0.01

to –1.5 MPa) were determined using pressure

plate apparatus (Black 1965). Plant available

water content (AWC) was estimated as the

difference between the volumetric water contents

at –0.03 and –1.5 MPa, multiplied by depth of soil.

Saturated hydraulic conductivity (Ks) was esti-

mated following the constant head method (Klute

1965). Moisture equivalent of the soils were

measured as outlined by Piper (1950). Erosion

ratio and erosion index were computed using the

expressions given by Middleton (1930):

Erosion ratio = Dispersion ratio

= (Clay / Moisture equivalent ratio)

Erosion index = Dispersion ratio

=(Clay / Half of the water holding capacity of soil)

All the data were statistically analyzed using

analysis of variance (ANOVA) as applicable to

Fig. 1 Schematic diagram of the experimental plots showing the soil sampling sites
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complete randomized block design and treat-

ments differences were tested for significance.

Crop growth behaviour study

The general characteristic of the tree species is

given in Table 1. Diameter at breast height

(DBH) of the tree species was recorded at

1.37 m above the ground level with the help of

a measuring tape (Tomar 2006). The lateral

spread of tree canopy was measured on the

ground in north–south and east–west directions

and the canopy cover was calculated from the

measurement of the projection of the crown

diameter assuming that crown is circle (Avery

and Burkhart 1994). Annual litter production of

the tree species were calculated on the basis of

litter accumulated in litter trap throughout the

year. The litter samples were separated into leaf,

twigs, flowers, fruits etc., oven-dried at 80�C for

48 h and weighed. The roots were retrieved from

the cylindrical metallic core (diam. 10 cm) fol-

lowing wet sieving method and the fine roots

(<2 mm diam.) were washed with a gentle flow of

tap water to overcome the soil contamination,

oven-dried at 80�C for 48 h and weighed the root

biomass of the trees (Bohm 1979). The timber

volume of the tree species were estimated using

diameter of breast height (DBH) and tree height

according to the formula given by Dhanda (2004).

The formula for timber volume calculation is:

Timber volume = 1/3 P r2 h

where, r = radius of the bole and h = height of

the tree.

Results

Mechanical properties of soil

The experimental soils are mostly silty clay loam

in texture. Adoption of various multipurpose

trees as such had no significant effects on soil

texture although A. nepalensis and P. kesiya

improved the clay content of the soil to the tune

of 11–12.5% over control. Overall, the clay

content varied marginally (30.4–36%) among

the various treatments (Table 2). The plots under

G. arboria had the lowest clay content (30.4%).

The exact reason for this is not known. However,

it may be due to soil variability and mixing effect

of cultivation. A significant effect of tree species

on bulk density (BD), organic carbon (SOC) and

porosity of soil was observed. All the tree species

Table 1 General characteristics of experimental tree species under humid tropics

Tree species Local name Habitat Preferred
altitude for
growing

Preferred rainfall
range (mm)

Uses

Pinus kesiya Royle
ex. Gordon

Khasi pine Open degraded or
seasonally dry
exposed roots

1000–2000 2000–3000 Fuel wood, charcoal
and building
materials.

Alnus nepalensis D.Don Alder Open degraded
sites

1000–2000 500–2500 (Humid) Fodder, wind break,
nitrogen fixation (soil
N-enricher)
and conservation/
wasteland
reclamation

Parkia roxburghii G.Don Tree bean Slopy land 400–1500 600–1500 (Humid) Pods edible, fodder and
fuel wood

Mechelia oblonga Wall. Champak Foot hills 500–1200 500–1000 (Humid) Timber, fuel wood,
fodder and roadside
plantation

Gmelina arborea Roxb. Gumhar Foot hills or valley
upland situation

500–1200 500–1200 (Humid) Timber, fodder,
fuel wood and
wasteland
reclamation
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contributed lower BD (range 1.04–1.14 Mg m–3)

but maintained higher SOC (range 2.31–

3.54 g kg–1) and pore space (range 52.2–55.6%)

than control plot (1.32 Mg m–3, 1.56 g kg–1 and

48.7%, respectively). Among the tree species,

P. kesiya, M. oblonga, and A. nepalensis had

favourable effect on soil properties, particularly

on BD (1.04, 1.05 and 1.09 Mg m–3, respectively)

and SOC (3.54, 3.36 and 3.22 g kg–1, respectively)

and porosity (54.3, 55.5 and 55.6%, respec-

tively). Such positive effect on BD and porosity

under Dalbergia sissoo and Accacia nilotica

plantation was reported by Hosur and Dasog

(1995). It has been observed that tree species

differed in the relative abundance of roots

(Table 5). This is because root distribution and

its density within the soil profiles are primarily

genetically determined, also these varied with soil

type, moisture, nutrient availability, organic mat-

ter distribution and soil management (Myer et al.

1994). The retention of SOC depends on the

quantity as well as quality of chemical composi-

tion (lignin/nitrogen ratio, carbon/nitrogen ratio,

cellulose, hemi-cellulose etc.) of tree roots and

litter and varies widely as a function of climate

and soil type (Parton et al. 1987). The superiority

of P. kesiya, M. oblonga and A. nepalensis to

other tree species in improving soil properties was

mainly due to higher fine root biomass and

greater leaf fall of these tree species (Table 5)

and quality litter production (range 473.75–

621.50 g m–2), leading to improvement in C status

of soil. Data in Table 2 showed that there was

13.6–21.2% lower BD while 7.2–14.2% increase

in porosity under various tree species as compared

to control plots. Such improvement in physical

properties by these trees could be ascribed to

effect of living biomass of trees, as there was a

constant addition of organic matter to the soil

through decaying the large volume of dead roots

as well as leaf litter (Balkrishnan and Toky 1993).

Soil structural properties

The water stable aggregates (>0.25 mm)

increased significantly under various multipur-

pose trees as compared to control plots (Table 3).

Soils under P. kesiya showed the highest water

stable aggregate percentage (82.4%) followed by

M. oblonga (78.5%), A. nepalensis (77.6%). Inter-

estingly in the present study, the macro-aggregate

predominated over micro-aggregates under tree

cover, possibly due to higher root density and root

activity under tree cover. This finding is in good

agreement with the results of Drury et al. (1991)

and Hosur and Dasog (1995). Among various tree

species, P. kesiya, M. oblonga and A. nepalensis

with mean weight diameter (MWD) of 2.65, 2.54

and 2.42 mm, respectively were most effective tree

species for improving the size of stable aggregates

as compared to only 1.25 mm in control without

any tree cover. Lower the micro: macro aggregate

ratio, better is the soil aggregation. Lower ratio

obtained under P. kesiya (0.21), M. oblonga (0.27)

and A. nepalensis (0.29) in the present study

further confirms better soil aggregation under

them. However, the ratios under remaining

two tree species (0.40–0.61) comparatively wide,

Table 2 Effect of various multi-purpose trees on soil physical properties (means ± SD)

Tree species Particle size distribution Organic C
(g kg–1)

Bulk density
(Mg m–3)

Total porosity
(%)

Coarse
sand (%)

Fine sand
(%)

Silt (%) Clay (%)

Pinus kesiya 19.8 ± 1.34 20.5 ± 1.51 24.2 ± 1.09 35.5 ± 0.63 3.54 ± 0.33 1.04 ± 0.12 54.3 ± 6.22
Alnus nepalensis 18.5 ± 1.85 18.2 ± 1.72 27.3 ± 1.21 36.0 ± 1.14 3.22 ± 0.47 1.09 ± 0.09 55.6 ± 5.87
Parkia roxburghii 15.4 ± 2.02 22.9 ± 1.86 28.1 ± 1.44 33.6 ± 1.35 2.31 ± 0.61 1.23 ± 0.20 52.2 ± 3.20
Michelia oblonga 16.4 ± 2.24 16.6 ± 2.36 32.2 ± 0.87 34.8 ± 0.96 3.36 ± 0.96 1.05 ± 0.32 55.5 ± 4.58
Gmelina arboria 18.0 ± 1.65 27.1 ± 2.44 28.4 ± 1.74 30.4 ± 2.24 2.86 ± 1.24 1.14 ± 0.09 52.4 ± 6.04
Control (No tree) 19.1 ± 2.46 22.7 ± 1.98 26.2 ± 1.62 32.0 ± 0.92 1.56 ± 0.92 1.32 ± 0.11 48.7 ± 8.09
LSD (P < 0.05) 1.25 0.91 1.52 2.01 0.39 0.15 5.06

Values for soil parameters are the means of three replications under soil depths (0–15 and 15–30 cm) and two seasons across
the year
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maximum value (0.79) being under control plots.

With respect to timber production among the three

species found suitable for improving soil structural

properties, the species M. oblonga recorded the

highest timber volume (0.251 m3 tree–1). Although

G. arborea and Parkia roxburghii had higher DBH,

canopy spread and timber production, they con-

tributed lower litter production and root biomass

(Table 5). A higher stability of aggregates coupled

with greater MWD under P. kesiya, M. oblonga

and A. nepalensis were due to their impressive root

system and root biomass (496.75, 462.00 and

435.50 g m–2, respectively) resulting from accumu-

lation of higher organic carbon, proliferation of

rhizosphere and micro floral and faunal activities

and root exudation below ground (Arunachalam

et al. 1997).

Soil dispersibility

Dispersion ratio under various tree covers had

significantly reduced. Regardless of tree cover,

the dispersion ratio varied between 0.21 and 0.26,

the highest (0.35) being with the control plot

(Table 4). In the present study, soils under

P. kesiya, M. oblonga and A. nepalensis had low

dispersion ratio owing to better soil aggregation, as

was evident from the macro-aggregates values

(Table 3). The soil erodibility declined with the

tree species to the extent of 23.1–43.6% with

respect to control. It was observed that P. kesiya

with the lowest erosion ratio (0.20) and erosion

index (0.11) was very effective in checking soil

erodibility, while with 0.22 erosion ratio values,

M. oblonga and A. nepalensis were placed in the

next best in order. Quite a good amount of litter

fall (473.75–621.50 g m–2) from these trees was

observed (Table 5) which might have increased the

cohesiveness in the soil system after its decompo-

sition and also bound the soil tightly in lower

horizons with the help of deep root systems (Deb

et al. 2005). Grewal and Abrol (1986) reported

that the litter fall to the ground and surface

vegetation protected soil directly against erosive

forces of raindrops and surface run-off by improv-

ing soil physical and hydrological parameters.

Table 4 Effect of various multipurpose trees on soil dispersibility and erodibility (means ± SD)

Tree species Dispersion ratio Moisture equivalent (%) Erosion ratio Erosion index

Pinus kesiya 0.21 ± 0.09 37.03 ± 0.58 0.20 ± 0.03 0.11 ± 0.01
Alnus nepalensis 0.23 ± 0.05 37.85 ± 1.22 0.23 ± 0.01 0.12 ± 0.02
Parkia roxburghii 0.26 ± 0.11 38.11 ± 0.96 0.30 ± 0.04 0.14 ± 0.01
Michelia oblonga 0.23 ± 0.03 37.65 ± 1.14 0.22 ± 0.03 0.11 ± 0.03
Gmelina arboria 0.25 ± 0.04 36.88 ± 1.02 0.24 ± 0.02 0.12 ± 0.02
Control (No tree) 0.35 ± 0.06 38.56 ± 1.19 0.39 ± 0.03 0.15 ± 0.03
LSD (P < 0.05) 0.06 2.82 0.05 0.03

Values for soil parameters are the means of three replications under two soil depths (0–15 and 15–30 cm) and two seasons
across the year

Table 3 Effects of various multipurpose trees on structural properties of soil (means ± SD)

Tree species Mean weight
diameter (mm)

Aggregates

Macro (>0.25 mm) Micro (<0.25 mm) Ratio (Micro/Macro) Stability

Pinus kesiya 2.65 ± 0.35 82.4 ± 6.32 17.6 ± 5.68 0.21 ± 0.15 75.6 ± 6.82
Alnus nepalensis 2.42 ± 0.43 77.6 ± 4.56 22.4 ± 3.30 0.29 ± 0.09 72.1 ± 6.94
Parkia roxburghii 1.90 ± 0.25 71.2 ± 9.25 28.8 ± 8.22 0.40 ± 0.11 63.4 ± 7.59
Michelia oblonga 2.54 ± 0.19 78.5 ± 8.87 21.5 ± 7.45 0.27 ± 0.26 73.2 ± 9.56
Gmelina arboria 1.86 ± 0.64 62.0 ± 6.35 38.0 ± 8.69 0.61 ± 0.11 67.9 ± 8.25
Control (No tree) 1.25 ± 0.34 55.8 ± 5.50 44.2 ± 6.02 0.79 ± 0.22 56.8 ± 7.44
LSD (P < 0.05) 0.09 2.38 3.05 0.04 3.20

Values for soil parameters are the means of three replications under two soil depths (0–15 and 15–30 cm) and two seasons
across the year
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Soil moisture retention characteristics

Soil water retention characteristics (w – h rela-

tionships) were determined at various suctions

from –0.01 to –1.5 MPa. Data in Fig. 2 showed

that all the tree species improved moisture

retention capacity of soil at any given suction

compared to control. At –0.03 MPa suction,

highest soil moisture was retained by the soil

under P. kesiya (0.386 m3 m–3) followed by

M. oblonga (0.375 m3 m–3), A. nepalensis (0.362

m3 m–3), G. arboria (0.360 m3 m–3) and Parkia

roxburghii (0.344 m3 m–3). The lowest soil moisture

retention was in control plots (0.284 m3 m–3). Soil

moisture retention at –1.5 MPa followed the trend

similar to –0.03 MPa. Available water capacity

among the various tree species varied between

0.183 and 0.220 m3 m–3 and followed the order:

P. kesiya > M. oblonga > A. nepalensis > Parkia

roxburghii > G. arboria > control. Significant

increase in available water under tree cover is

attributed primarily to the continuous vegetative

covers with litter fall of trees and also to their

subsequent decomposition and decayed root

biomass. This has resulted in increase the organic

C content by 90.4% over control. Lal (1989b)

has also reported similar improvement in water

retentivity under various agroforestry systems.

Data on soil water retention characteristics

(Table 6) showed that the saturated water con-

tent (hs) in P. kesiya was 33.2% higher than that

under control plots. However, in other tree

species, it was 17.9–23.1% higher. Tree species

could influence infiltration rate of soil. Like water

content, P. kesiya caused almost 2-fold increase

(8.04 mm h–1) in soil infiltrability over the control

(3.84 mm h–1). In other tree species, it varied

between 5.36 and 7.28 mm h–1. In case of cumu-

lative infiltration, gradual increase with increase

in time was observed in the present study (Fig. 3).

There were significant differences among the tree

species. The general trend observed in the present

study was that of highest cumulative infiltration

was observed under P. kesiya with least values

under control plots at various time intervals. The

greater improvement in saturated hydraulic

conductivity was also observed in soils under

P. kesiya (5.44 mm h–1) followed by M. oblonga

(4.82 mm h–1). Within an established tree based

cropping system, macropores dominates the pore

space and facilitate rapid movement of water

through the soil profile (Humbel 1975). Profile

moisture storage up to 60 cm depth (Table 6)

depicted that there was a sharp increase (about

78.6%) in moisture storage under P. kesiya in

comparison to that of control during dry spell

periods. In other systems it varied from 13.85 to

19.44 cm/60 cm. During wet season, the trend

remains same but the variations within the treat-

Table 5 Growth performance, litter production and fine root biomass of various multipurpose trees in humid tropics of
Meghalaya (means ± SD)

Tree species DBH (cm) Canopy
spread (m)

Annual litter production
(g m–2)

Total fine root biomassa

(g m–2)
Timber volume
(m3 tree–1)

Pinus kesiya 23.32 ± 8.24 6.26 ± 1.01 621.50 ± 27.67 496.75 ± 21.99 0.128 ± 0.02
Alnus nepalensis 21.20 ± 2.80 7.54 ± 1.03 473.75 ± 34.91 435.50 ± 28.59 0.212 ± 0.01
Parkia roxburghii 27.95 ± 2.71 9.41 ± 2.03 341.75 ± 37.75 415.50 ± 15.63 0.222 ± 0.02
Michelia oblonga 27.45 ± 7.28 7.24 ± 1.53 512.25 ± 46.35 462.00 ± 19.63 0.251 ± 0.02
Gmelina arboria 31.52 ± 5.60 7.75 ± 1.02 431.75 ± 27.99 419.00 ± 25.88 0.226 ± 0.01
LSD (P < 0.05) 3.51 1.16 5.13 2.77 0.66

a Total fine root biomass recorded in 0–30 cm soil depth
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ments were much less. The improved soil aggre-

gation process was evident from higher MWD,

micro and macro aggregates (Table 3) and SOC

(Table 2) under P. kesiya through their intensive

root activity, which ultimately resulted in better

movement of soil water within the soil profile.

Conclusion

On the basis of field observation from the present

study, it is apparent that multipurpose tree species

has significantly improved soil hydro-physical

characteristics particularly decreasing bulk den-

sity and erosion ratio by 15.9 and 39.5%, respec-

tively and increasing soil organic C by 96.2%,

porosity by 10.9%, aggregate stability by 24.0%

and available soil moisture by 33.2%. Such

improvement in soil hydro-physical properties in

tree-based system has a direct bearing on long-

term sustainability, productivity and soil quality in

hilly eco-system. Among the tree species tested,

P. kesiya, M. oblonga and A. nepalensis were

found suitable as bio-ameliorant in hilly terrain

of northeast India in terms of organic matter build

up through presence of leaf litter, better soil

aggregation, transmissivity and infiltrability

through extensive root system, improved soil

conservation through constant surface cover with

leaf biomass. However, considering both timber

production and improvement in hydro-physical

properties of soil under the humid sub-tropical

climate of the northeastern Himalayan region,

where, erosion is a major land degradative pro-

cess, inclusion of M. oblonga, the locally available

natural resources in agroforestry system, is a

viable option for eco-restoration, maintenance of

soil resources and could sustain long-term soil and

timber productivity so as to improve food security

of the poor tribal farmers of northeast India.
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