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Land use effect on soil erodibility parameters were studied in four villages, viz., Tsiesema, Riisoma, Chiephobozou and Botsa in
Kohima district, Nagaland, under four land uses, viz., orchard, shifting cultivation, lowland and forest in each village. The mean
textural classes of the soils were clay, clay loam and sandy clay loam. Dispersion ratio and erosion index were recorded to be
usually higher than the threshold limits. Dispersion ratio of the soils ranged from 8.16 to 30.53 whereas, erosion index varied
between 5.28 and 23.91. A significant negative correlation of clay with dispersion ratio and erosion index was observed. The
highly significant and positive correlation between erosion index and dispersion ratio indicated the susceptibility of these soils
to water erosion. Proper agronomic and mechanical soil and water conservation measures need to be adopted to protect the soils
from further degradation.
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INTRODUCTION

One of the main causes of soil loss intensification
around the world is associated with land-use changes.
The relationship between different land use and soil
susceptibility to erosion has attracted the interest of a
variety of researchers and have highlighted the impacts
of changes on vegetation cover and agricultural practices
on soil properties. Land use changes affect many natural
resources and ecological processes such as surface
runoff and erosion and affects soil resilience with
hazardous environmental impacts. Land use changes,
especially cultivation of deforested land, may rapidly
diminish soil quality and severe degradation in soil quality
may lead to a permanent degradation of land productivity.
The consequences of such changes in land use are the

intensification of natural degradation processes such as
soil erosion (Sharma and Arora, 2015). Several works
have shown that inappropriate land use aggravates the
degradation of soil physico-chemical and biological
properties. Changes in land use and management
practices often modify most soil morphological, physical,
chemical and biological properties to the extent reflected
in agricultural productivity. The north-eastern hilly region
of India is characterized by heavy soil erosion, loss of
soil fertility and deforestation causing acute environmental
degradation and severe ecological imbalance. The soil
erosion  not only causing the loss of production base, but
it also results in shallowing of the soil profile, affecting
the soil physicochemical properties and disappearance
of natural water resources. This situation needs
immediate attention for conservation and sound
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management of soil and water resources which can be
achieved by formulating and implementing an effective
soil and water conservation programme for which the
knowledge on soil erodibility status and its assessment is
important. The data pertaining to erodibility of soils under
different land use pattern in Chiephobozou sub-division
of Kohima, Nagaland was found lacking. Therefore, the
present investigation has been conducted to determine
the soil erodibility characteristics under various land use
patterns in the region.

RESEARCH  METHODOLOGY

Soil samples from 0-15 and 15-30 cm depth were
collected from four different land uses, viz., orchard,
forest, shifting cultivation and low land from four different
locations around Chiephobozou sub-division viz.,
Tsiesema, Riisoma, Chiephobozou and Botsa. The site
has an average elevation of 154 m (altitude) and a total
area of 487.67 sq. km which is situated between longitude
94oE-95oE and latitude 25oN-26oN of the equator. These
collected soil samples were air dried and processed and
analyzed for particle-size distribution following
International Pipette method (Piper, 1966) using 0.5 N
NaOH as a dispersing agent. The water holding capacity
was determined using Keen Rackzowaski boxes as
described by Baruah and Barthakur (1997). Suspension
percentage (water dispersible silt + clay) was determined
by dispersing 25g soil in 1000 ml distilled water without
adding any dispersing agent, shaking end over end for 20
times and pipetting out 20 ml of soil suspension from 10
cm depth as suggested by Middleton  (1930). The
erodibility indices i.e. dispersion ratio and erosion index

were computed using the procedures described by
Middleton (1930) and Sahi et al. (1977), respectively as
follows:

analysissizeparticleclay)(silt%
clay)(siltdispersedwater%

ratioDispersion





capacityholdingwaterClay/0.5
ratioDispersion

indexErosion 

The statistical analysis of the data was done as per
procedure outlined by Gomez and Gomez (1984).

RESEARCH FINDINGS AND ANALYSIS

The findings of the present study as well as relevant
discussion have been presented under following heads:

Mechanical composition of soil:
The mechanical composition of soil under different

land uses are presented in Table1 and 2.

Dispersion ratio:
The dispersion ratio of the surface soils (0-15 cm

depth), in different villages under orchard, shifting
cultivation, lowland and forest soils varied from 20.44 to
28.64, 19.57 to 27.14, 15.29 to 27.20 and 8.16 to 16.29
with a mean value of 25.44, 23.69, 20.05 and 11.88,
respectively. The highest value of dispersion ratio in
surface soils was recorded in Botsa village under orchard
land use and the lowest was recorded in Riisoma village
under forest land use. The highest mean dispersion ratio
in surface layer was found in Riisoma soils and the lowest
was recorded in Botsa soils. Similarly, the dispersion ratio
of the sub-surface soils (15-30 cm depth), in different

Table 1 : Mechanical composition of soil under orchard and shifting cultivation land uses
Land uses

Orchard Shifting cultivation
Village
name

Soil depth
(cm)

Sand (%) Silt (%) Clay (%)
Textural

class Sand (%) Silt (%) Clay (%)
Textural

class

0-15 49.48 17.17 32.15 scl 40.43 24.14 33.38 clTsiesema

15-30 48.11 19.82 30.19 scl 38.64 24.98 34.44 cl

0-15 42.51 20.81 34.77 scl 46.23 21.05 29.78 sclRiisoma

15-30 40.46 22.84 27.41 scl 44.98 19.77 32.64 scl

0-15 54.12 19.08 23.82 scl 40.58 24.55 32.05 clChiephobozou

15-30 57.92 16.92 22.28 scl 45.16 20.05 32.95 scl

0-15 48.73 19.42 28.89 scl 33.76 31.93 32.26 clBotsa

15-30 49.95 19.89 27.84 scl 45.92 24.44 27.80 scl

0-15 48.71 19.12 29.91 scl 40.25 25.42 31.87 cl

Mean 15-30 49.11 19.87 26.93 scl 43.68 22.31 31.96 scl
Index : scl =  Sandy clay loam cl = Clay loam
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villages under orchard, shifting cultivation, lowland and
forest soils varied from 21.48 to 29.17, 21.57 to 30.53,
18.56 to 27.62 and 10.86 to 13.78 with a mean value of
26.51, 25.69, 22.69 and 13.85, respectively (Table 3). The
highest value of dispersion ratio in sub-surface soils was
recorded in Riisoma village under shifting cultivation land
use and the lowest was also recorded in Riisoma under
forest soils. The highest mean dispersion ratio in sub-
surface layer was found in Riisoma soils and the lowest
was recorded in Tsiesema soils. As per the land use
adopted, the highest mean dispersion ratio in both surface
and sub-surface layers was found in orchard soils
followed by soils in shifting cultivation land use, lowland
soils and forest soils. Generally, in all land uses, forest
soils were found to have a lower dispersion ratio as
compared to those of cultivated lands. Similar results were
reported by Kumar and Singh (2007); Karagul (1999)

and Khera and Kahlon (2005). This may be due to the
high amount of organic matter in the soils and their good
permeability (Chaudhary et al.,1999). A significant
positive correlation was also found between dispersion
ratio with sand and a significant negative correlation with
silt and clay (Table 5). According to the criterion of
Middleton (1930), soils with dispersion ratio value more
than 15 are erosive in nature. The study revealed that in
almost all the villages, under all land uses, the soils were
highly erosive in nature except under forest land use and
require conservation measures.

Dispersion ratio of <5, 6-10, 11-15, 16-25, 26-30 and
>30 were categorized as very stable, stable, fairly stable,
somewhat unstable, unstable and very unstable. Out of
32 soils, only 1 was found to be stable, 5 fairly stable, 15
somewhat unstable, 10 unstable and 1 very unstable. The
dispersion ratio of the forest surface soil in Riisoma was

Table 2 : Mechanical composition of soil under lowland and forest land uses
Land uses

Lowland ForestVillage name
Soil depth
(cm)

Sand (%) Silt (%) Clay (%)
Textural

class Sand (%) Silt (%) Clay (%)

Textural
class

0-15 32.30 27.17 53.15 c 16.93 32.27 48.79 cTsiesema

15-30 31.65 29.70 35.75 cl 18.49 33.29 45.77 c

0-15 35.64 28.33 34.86 cl 19.72 38.81 43.78 cRiisoma

15-30 36.93 24.29 35.88 cl 19.48 34.61 44.29 c

0-15 33.39 27.81 36.27 cl 23.85 33.64 39.85 cChiephobozou

15-30 34.68 29.61 31.82 cl 21.71 34.75 40.90 c

0-15 29.76 28.93 38.92 cl 20.43 37.36 40.12 cBotsa

15-30 37.46 25.98 33.77 cl 20.80 35.95 41.73 c

0-15 32.77 28.06 40.80 c 20.23 35.52 43.14 c

Mean 15-30 35.18 27.40 34.31 cl 20.12 34.65 43.17 c
Index : c = Clay cl = Clay loam

Table 3 : Dispersion ratio of soil under different land uses
Land uses

Village name Soil depth (cm)
Orchard Shifting cultivation Lowland Forest Mean

0-15 20.44 25.44 19.19 11.76 19.21Tsiesema

15-30 21.48 26.65 22.92 12.40 20.86

0-15 28.37 27.14 18.50 8.16 20.54Riisoma

15-30 29.60 30.53 21.67 10.86 23.17

0-15 24.31 22.58 15.29 16.29 19.62Chiephobozou

15-30 25.78 24.02 18.56 18.36 21.68

0-15 28.64 19.57 27.20 11.29 16.93Botsa

15-30 29.17 21.57 27.62 13.78 23.04

0-15 25.44 23.69 20.05 11.88

Mean 15-30 26.51 25.69 22.69 13.85
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the only one found to be stable. The dispersion ratio of
both the surface and sub-surface soils under forest land
use in all the villages was found to be fairly stable except
the surface the sub-surface soils in Chiephobozou which
was recorded to be somewhat unstable. In the lowlands,
the dispersion ratio of both the surface and sub-surface
soils in all the villages was found to be somewhat unstable
except the surface the sub-surface soils in Botsa which
was found to be unstable. Under shifting cultivation land
use, the surface soil in Riisoma was found to be unstable
while the sub-surface soil was found to be very unstable.
The surface and sub-surface soils in Chiephobozuo and
Botsa were found to be somewhat unstable whereas,
the soils in Tsiesema were found to be unstable. Under
orchard land use, both the surface and sub-surface soils
in Riisoma and Botsa were found to be unstable whereas,
the soils in Tsiesema were found to be somewhat
unstable. The surface soil under orchard land use in
Chiephobozou was found to be somewhat unstable

whereas its sub-surface soil was found to be unstable.
Kahlon (2006) also found lower values of erosion ratio
and dispersion ratio for the soil of forest and grasslands
than those of arable and bare lands. In all the soil profile,
dispersion ratio was lower in surface soils than in sub-
surface soils. Similar observation was also reported by
Mehta et al. (2005); Singh et al. (2006) and Sharma and
Kumar (2010). The dispersion ratio and erosion index of
forest soil was lower as compared to bare soil (Khera
and Kahlon, 2005). Kumar and Singh (2007) also reported
lower dispersion ratio in forest land use as compared to
orchard and cultivated land use.

Erosion index:
The erosion index of the surface soils in different

villages under orchard, shifting cultivation, lowland and
forest varied from 14.85 to 22.67, 13.30 to 18.91, 11.29
to 22.47 and 5.28 to 9.28 with a mean value of 18.46,
16.78, 16.14 and 6.86, respectively. The highest value of

Table 4 : Erosion index of soil under different land uses
Land uses

Village name Soil depth (cm)
Orchard Shifting cultivation Lowland Forest Mean

0-15 14.85 18.91 14.95 6.21 13.21Tsiesema

15-30 18.98 20.56 15.47 11.27 16.57

0-15 19.63 18.71 15.86 5.28 14.22Riisoma

15-30 21.75 19.26 16.30 6.58 15.97

0-15 16.68 16.20 11.29 9.28 13.11Chiephobozou

15-30 22.53 18.64 13.40 12.95 16.88

0-15 22.67 13.30 22.47 6.68 16.28Botsa

15-30 23.74 17.30 23.91 8.48 18.36

0-15 18.46 16.78 16.14 6.86Mean

15-30 21.75 18.94 17.27 9.82

Table 5 : Correlation co-efficients among various soil properties
Soil depth Parameters Sand Silt Clay DR EI

Sand 1.00

Silt -0.94** 1.00

Clay -0.79** 0.62* 1.00

DR 0.75** -0.78** -0.57* 1.00

Surface soil (0-15) cm

EI 0.74** -0.76** -0.56* 0.98** 1.00

Sand 1.00

Silt -0.96** 1.00

Clay -0.94** 0.86** 1.00

DR 0.77** -0.80** -0.76** 1.00

Sub-surface soil

(15-30) cm

EI 0.84** -0.85** -0.81** 0.93** 1.00
Note:       * and ** indicate significance of values at P=0.05 and 0.01, respectively   DR= Dispersion ratio EI= Erosion index
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erosion index in surface soils was recorded in Botsa
village under orchard and the lowest was recorded in
Riisoma village under forest land use. The highest mean
value of erosion index in surface soils was recorded in
Botsa and the lowest was recorded in Chiephobozou.
Similarly, the erosion index of the sub-surface soils in
different villages under orchard, shifting cultivation,
lowland and forest land use varied from 18.98 to 23.74,
17.30 to 20.56, 13.40 to 23.91 and 6.58 to 12.95 with a
mean value 21.75, 18.94, 17.27 and 9.82, respectively
(Table 4). The highest value of erosion index in sub-
surface soils was recorded in Botsa village under lowland
and the lowest was recorded in Riisoma under forest
land use.  The highest mean erosion index in sub-surface
layer was found in Botsa soils and the lowest was
recorded in Riisoma soils. As per the land use adopted,
the highest mean erosion index in both surface and sub-
surface layers was found in orchard soils followed by
soils in shifting cultivation land use, lowland soils and forest
soils.

Erosion index of 0-5, 6-10, 11-15, 16-20 and >20
were categorized as very low, low, medium, high and
very high. Out of 32 soils, 6 were found to be low, 7
medium, 12 high and 7 very high. The forest soils in all
the villages had low erosion index except the sub-surface
soils of Tsiesema and Chiephobozou which were found
to be medium. In the lowlands, the erosion index of both
surface and sub-surface soils were found to be medium,
high and very high in the soils of Chiephobozou, Riisoma
and Botsa, respectively. In shifting cultivation land use,
the soils in Riisoma and Chiephobozou were found to
have high erosion index in both the surface and sub-
surface soils. The surface soil in Tsiesema was found to
have high erosion index whereas, its sub-surface soil was
found to have very high erosion index. Under orchard
land use, all the surface and sub-surface soils in these
villages were found to have an erosion index ranging from
high to very high except the surface soil in Tsiesema
which was found to have a medium erosion index. In all
the soil profile, erosion index was lower in surface soils
than in sub-surface soils. These results are in the line
with the findings of Singh and Kundu (2008); Kumar and
Singh (2007) and Sharma and Kumar (2010). Yilmaz et
al. (2007) found that at cultivated and forested sites, the
erosion index and dispersion ratio increased with
increasing soil depth.

The correlation data showed that erosion index has

a significant positive correlation with dispersion ratio, sand
and a significant negative correlation with silt and clay
(Table 5). This is in confirmatory with the results observed
by Kumar et al. (2005). These results suggest that soils
having high sand and silt with low clay and organic matter
contents were the most erodible in nature (Agnihotri et
al.,2007).

Relationship among dispersion ratio, erosion index
and mechanical composition:

The correlation co-efficient values revealed that
dispersion ratio and erosion index had negative correlation
with silt and clay (Table 5). The positive correlation of
dispersion ratio and erosion index with sand revealed that
the presence of higher amount of sand increased the
erodibility of soil as it increased the dispersion ratio and
erosion index. Erosion index also increased with increasing
dispersion ratio indicating greater susceptibility of these
soils to water erosion. The highly significant correlation
between erosion index and dispersion ratio was also
reported by Debral et al. (2001); Kumar and Singh (2007);
Agnihotri et al. (2007) and Singh et al. (2012). The
significant negative correlation of dispersion ratio and
erosion index with clay suggested that soil erodibility
decreased with increase in clay content. Rasheed (2016),
Sharma and Kumar (2010) and Singh and Kundu (2008)
also reported similar results. Low erosion ratio in forest
soil compared to other land uses was also reported by
Debral et al. (2001). Similar results were reported by
(Li et al., 2007). However, considering 2.8 as threshold
value of erosion index and 15 as the threshold limit of
dispersion ratio, most of the soils can be classified under
erodible class. The study showed that most of the soils
were highly erodible and needed quick intervention to
prevent further degradation.
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