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Land use effect on soil erodibility parameters were studied in four villages, viz., Tsiesema, Riisoma, Chiephobozou and Botsain
Kohimadistrict, 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 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
practi ces often modify most soil morphological, physical,
chemical and biological propertiesto the extent reflected
inagricultural productivity. Thenorth-eastern hilly region
of Indiais 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 theloss of production base, but
it also resultsin 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

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,
especialy cultivation of deforested land, may rapidly
diminish soil quality and severe degradationin soil quality
may |ead to a permanent degradation of land productivity.
The consequences of such changes in land use are the
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management of soil and water resources which can be
achieved by formulating and i mplementing an effective
soil and water conservation programme for which the
knowledge on soil erodibility statusand its assessment is
important. The data pertaining to erodibility of soilsunder
different land use pattern in Chiephobozou sub-division
of Kohima, Nagaland wasfound lacking. Therefore, the
present investigation has been conducted to determine
the soil erodibility characteristicsunder variousland use
patternsin theregion.

RESEARCH METHODOLOGY

Soil samples from 0-15 and 15-30 cm depth were
collected from four different land uses, viz., orchard,
forest, shifting cultivationand low land fromfour different
locations around Chiephobozou sub-division viz.,
Tsiesema, Riisoma, Chiephobozou and Botsa. The site
has an average elevation of 154 m (altitude) and atotal
areaof 487.67 sg. kmwhichissituated between longitude
94°E-95°E and | atitude 25°N-26°N of the equator. These
collected soil sampleswere air dried and processed and
analyzed for particle-size distribution following
International Pipette method (Piper, 1966) using 0.5 N
NaOH asadispersing agent. The water holding capacity
was determined using Keen Rackzowaski boxes as
described by Baruah and Barthakur (1997). Suspension
percentage (water dispersiblesilt + clay) was determined
by dispersing 259 soil in 1000 ml distilled water without
adding any dispersing agent, shaking end over end for 20
timesand pipetting out 20 ml of soil suspension from 10
cm depth as suggested by Middleton (1930). The
erodibility indicesi.e. dispersionratio and erosion index

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

% water dispersed (silt + clay)

Dispersionratio= - ——— -
% (silt +clay) particlesizeanalysis

Dispersionratio
Clay/0.5water holding capacity
The statistical analysis of the datawas done as per
procedure outlined by Gomez and Gomez (1984).

Erosionindex =

RESEARCH FINDINGS AND ANALYSIS

Thefindings of the present study aswell asrelevant
discussion have been presented under following heads:

Mechanical composition of soil:
Themechanical composition of soil under different
land uses are presented in Tablel 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 soilsvaried from 20.44 to
28.64, 19.57 to 27.14, 15.29 to 27.20 and 8.16 t0 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 soilswasrecorded in Botsavillage under orchard
land use and the lowest was recorded in Riisomavillage
under forest land use. The highest mean dispersion ratio
insurfacelayer wasfound in Riisomasoilsand thelowest
wasrecordedin Botsasoils. Similarly, the dispersionratio
of the sub-surface soils (15-30 cm depth), in different

Table1: Mechanical composition of soil under orchard and shifting cultivation land uses
X;:Lige (S(?riql)depth Orchard L'I?QELTI? Shifting cultivation Textural
Sand (%) Silt (%) Clay (%) class Sand (%) Silt (%) Clay (%) class
Tsiesema 0-15 49.48 17.17 32.15 scl 40.43 24.14 33.38 cl
15-30 48.11 19.82 30.19 l 38.64 24.98 34.44 cl
Riisoma 0-15 4251 20.81 34.77 l 46.23 21.05 29.78 <l
15-30 40.46 22.84 2741 scl 44.98 19.77 32.64 scl
Chiephobozou 0-15 54.12 19.08 23.82 scl 40.58 24.55 32.05 cl
15-30 57.92 16.92 22.28 l 45.16 20.05 32.95 sl
Botsa 0-15 48.73 19.42 28.89 l 33.76 31.93 32.26 cl
15-30 49.95 19.89 27.84 l 45.92 24.44 27.80 sl
0-15 48.71 19.12 29.91 l 40.25 25.42 3187 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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villagesunder 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 dispersionratio in sub-surface soilswas
recorded in Riisomavillage 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 soilsin shifting cultivation land use, lowland
soils and forest soils. Generdly, in al land uses, forest
soils were found to have a lower dispersion ratio as
compared tothose of cultivated lands. Similar resultswere
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 soilsand their good
permeability (Chaudhary et al.,1999). A significant
positive correlation was al so found between dispersion
ratio with sand and asignificant negative correlation with
silt and clay (Table 5). According to the criterion of
Middleton (1930), soilswith dispersion ratio value more
than 15 are erosive in nature. The study revealed that in
amost all thevillages, under al land uses, the soilswere
highly erosivein nature except under forest land useand
require conservation measures.

Dispersionratio of <5, 6-10, 11-15, 16-25, 26-30 and
>30 were categorized asvery stable, stable, fairly stable,
somewhat unstable, unstable and very unstable. Out of
32 soils, only 1 wasfound to be stable, 5fairly stable, 15
somewhat unstable, 10 unstableand 1 very unstable. The
dispersionratio of theforest surface soil in Riisomawas

Table 2 : Mechanical composition of soil under lowland and forest land uses
Village name (Scor:)depth qul and LTEEZLT:? l_:oreﬂ Ti)l(;ial
Sand (%) Silt (%) Clay (%) class Sand (%) Silt (%) Clay (%)
Tsiesema 0-15 32.30 27.17 53.15 [« 16.93 32.27 48.79 c
15-30 31.65 29.70 35.75 cl 18.49 33.29 45.77 c
Riisoma 0-15 35.64 28.33 34.86 cl 19.72 38.81 43.78 c
15-30 36.93 24.29 35.88 cl 19.48 34.61 44.29 c
Chiephobozou 0-15 33.39 27.81 36.27 cl 23.85 33.64 39.85 c
15-30 34.68 29.61 31.82 cl 21.71 34.75 40.90 c
Botsa 0-15 29.76 28.93 38.92 cl 20.43 37.36 40.12 c
15-30 37.46 25.98 33.77 cl 20.80 35.95 41.73 c
0-15 32.77 28.06 40.80 [« 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
Village name Soil depth (cm) Orchard Shifting cultivation =0 tﬁl and Forest Mean
Tsiesema 0-15 20.44 25.44 19.19 11.76 19.21
15-30 21.48 26.65 22.92 12.40 20.86
Riisoma 0-15 28.37 27.14 18.50 8.16 20.54
15-30 29.60 30.53 21.67 10.86 23.17
Chiephobozou 0-15 24.31 22.58 15.29 16.29 19.62
15-30 25.78 24.02 18.56 18.36 21.68
Botsa 0-15 28.64 19.57 27.20 11.29 16.93
15-30 29.17 2157 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
useinal thevillageswasfound to befairly stable except
the surface the sub-surface soilsin Chiephobozou which
was recorded to be somewhat unstable. In the lowlands,
the dispersion ratio of both the surface and sub-surface
soilsinall thevillageswasfound to be somewhat unstable
except the surface the sub-surface soils in Botsa which
wasfound to be unstable. Under shifting cultivation land
use, the surface soil in Riisomawasfound to be unstable
whilethe sub-surface soil wasfoundto bevery 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 Riisomaand Botsawerefound 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 arableand barelands. Inall the soil profile,
dispersion ratio was lower in surface soils than in sub-
surface soils. Similar observation was also reported by
Mehtaet al. (2005); Singh et al. (2006) and Sharmaand
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) al so reported
lower dispersion ratio in forest land use as compared to
orchard and cultivated land use.

Erosion index:

The erosion index of the surface soilsin different
villagesunder orchard, shifting cultivation, lowland and
forest varied from 14.85t0 22.67, 13.30t0 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 val ue of

Table4 : Erosion index of soil under different land uses
Village name Soil depth (cm) Orchard Shifting cultivation LandLL:)ﬁand Forest Mean
Tsiesema 0-15 14.85 18.91 14.95 6.21 13.21

15-30 18.98 20.56 15.47 11.27 16.57
Riisoma 0-15 19.63 18.71 15.86 5.28 14.22

15-30 2175 19.26 16.30 6.58 1597
Chiephobozou 0-15 16.68 16.20 11.29 9.28 1311

15-30 2253 18.64 13.40 12.95 16.88
Botsa 0-15 22.67 13.30 2247 6.68 16.28

15-30 2374 17.30 2391 8.48 18.36
Mean 0-15 18.46 16.78 16.14 6.86

15-30 21.75 18.94 17.27 9.82
Table5: Correlation co-efficients among various soil properties
Soil depth Parameters Sand Silt Clay DR El
Surface soil (0-15) cm Sand 1.00

Silt -0.94** 1.00

Clay -0.79%* 0.62* 1.00

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

El 0.74** -0.76** -0.56* 0.98** 1.00
Sub-surface soil Sand 1.00
(15-30) cm Silt -0.96** 1.00

Clay -0.94** 0.86** 1.00

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

El 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 El= Erosion index

Asian J. Bio i, 12 (2) Oct., 2017 : 248-253 -
Hind Institute of Science and Technology §251



ERODIBILITY STATUS OF SOILS UNDER DIFFERENT LAND USES IN CHIEPHOBOZOU SUB-DIVISION SOILS OF KOHIMA

erosion index in surface soils was recorded in Botsa
village under orchard and the lowest was recorded in
Riisomavillage 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 soilsin
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 soilswasrecorded in Botsavillage under lowland
and the lowest was recorded in Riisoma under forest
land use. The highest mean erosionindex 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
soilsin shifting cultivationland use, lowland soilsand 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 soilsin all
thevillages had low erosionindex except the sub-surface
soils of Tsiesema and Chiephobozou which were found
to be medium. In thelowlands, 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 Tsiesemawas 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
villageswerefound to have an erosionindex ranging from
high to very high except the surface soil in Tsiesema
which wasfound to have amedium erosionindex. In all
the soil profile, erosion index waslower in surface soils
than in sub-surface soils. These results are in the line
with thefindings of Singh and Kundu (2008); Kumar and
Singh (2007) and Sharmaand 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
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asignificant poditive correlation with dispersion ratio, sand
and a significant negative correlation with silt and clay
(Tableb). Thisisin confirmatory with theresultsobserved
by Kumar et al. (2005). These results suggest that soils
having high sand and silt withlow 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
dispersionratio and erosionindex had negative correlation
with silt and clay (Table 5). The positive correlation of
dispersionratio and erosion index with sand reveal ed that
the presence of higher amount of sand increased the
erodibility of soil asitincreased the dispersionratio and
erosionindex. Erosionindex asoincreased withincreasing
dispersion ratio indicating greater susceptibility of these
soilsto 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 increasein clay content. Rasheed (2016),
Sharmaand 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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