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Abstract

Soil erosion poses a significant threat to agricultural productivity, ecosystem stability and sustainable land management, particularly in fragile
hill landscapes of the Northeastern Himalayas. The soil erodibility factor (K) plays a critical role in determining the susceptibility of soils to
detachment and transport by water, with key controls including organic matter, texture, structure and permeability. Despite its importance,
knowledge of K variability under different land-use systems in Meghalaya remains limited, constraining effective soil conservation planning.
Therefore, this study focused on determining and mapping the soil erodibility factor across the Umsarang micro-watershed, while examining
its relationship with critical pedological properties. Forest and agricultural land-use systems were treated as comparative management
conditions to assess land-use-induced variability in soil erodibility. The K-factor values ranged from 0.135 to 0.345 t ha h ha' MJ* mm, with
forest soils exhibiting higher soil organic matter content (4.32 %) and lower variability in K compared to agricultural soils (3.49 %). Forest soils
exhibited balanced texture and greater aggregate stability, resulting in lower and more uniform K-values, whereas agricultural soils showed
reduced organic matter and greater variability in K, indicating higher erosion risk. Correlation analysis showed that K increased with silt
content and decreased with organic matter, sand and clay fractions, highlighting the combined influence of soil composition and structural
stability on erodibility. The generated spatial maps provide a clear visualization of erosion-prone areas and offer a practical tool for prioritizing
site-specific soil and water conservation interventions to minimize crop loss. By linking soil properties with erosion vulnerability, the study
provides actionable insights for sustainable watershed management, emphasizing the importance of maintaining organic matter, stable soil
structure and vegetative cover to reduce erosion risks and enhance long-term soil health, which further safeguards crop yield and health in
hilly regions.
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accelerates sedimentation in reservoirs, reduces water storage
capacity, causes water pollution, diminishes biodiversity and alters
ecological balance (4).

Introduction

Soil erosion is widely recognized as one of the most critical forms of
land degradation, threatening agricultural productivity, food security
and environmental sustainability (1). It involves the detachment,
transport and deposition of soil particles by water or wind, resulting

In India, soil erosion affects nearly 175 million hectares, with
water erosion alone impacting around 82 million hectares, resulting

in the loss of fertile topsoil, deterioration of soil quality and disruption
of ecosystem services, which compromise the crop growth and yield
(2). Along with the natural causes, climate change and
anthropogenic activities such as unscientific cultivation practices
have accelerated soil erosion at an alarming rate, particularly in hilly
areas. Globally, more than 10 million hectares of arable/cultivable
land are lost annually due to erosion, directly impacting agricultural
output and rural livelihoods (3). Beyond soil fertility loss, erosion

in the loss of an estimated 5.3 billion tonnes of fertile soil annually
(5, 6). The average annual soil loss in the country is estimated at
16.53 t/ha/yr (7), which exceeds the global average of 12-15 t/ha/yr
(8). The Northeastern hill (NEH) region of India, characterized by
fragile hill ecosystems, steep slopes, intense rainfall and
unsustainable land use practices such as shifting cultivation, is
particularly vulnerable to accelerated erosion, threatening
ecological balance and the livelihood security of local communities
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(9). In Meghalaya, continuous deforestation and traditional
cultivation practices have led to severe soil loss, depletion of organic
matter and long-term decline in soil productivity (10). Additionally,
understanding land-use impacts on soil erodibility is crucial for
devising effective soil and water conservation measures.
Smallholder farming systems, steep slopes and intensive rainfall in
the region exacerbate erosion risks, making site-specific
assessments  essential.  Furthermore, linking  pedological
characteristics with erosion susceptibility can provide practical
guidance for sustainable watershed management. These conditions
necessitate location-specific  investigations into soil erosion
processes and soil resilience mechanisms.

To assess soil erosion risk and guide conservation planning,
several empirical models have been developed. Among them, the
Universal Soil Loss Equation (USLE) and its revised form, the Revised
Universal Soil Loss Equation (RUSLE) (11, 12), are the most widely
applied across different agro-ecological regions due to their relative
simplicity and adaptability. These models estimate annual soil loss
through 5 parameters: rainfall erosivity (R), soil erodibility (K), slope
length and steepness (LS), cover management (C) and support
practice factor (P). Among these, K is of fundamental importance as
it quantifies the inherent susceptibility of soils to detachment and
transport, governed primarily by pedological properties such as
particle size distribution, organic matter content, soil structure and
permeability (13-15). Although the USLE nomograph is commonly
used to estimate the K factor, it often yields generalized values that
may not reflect spatial variability in heterogeneous landscapes, thus
requiring direct site-specific assessments (16). In the NEH region,
particularly in Meghalaya, very limited studies have quantified the
variability of the K factor and its relationship with soil properties
under different land-use systems. Consequently, soil conservation
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planning in the region often relies on generalized estimates,
reducing the effectiveness of interventions (17). Integrating soil
erodibility assessments with geospatial tools such as GIS provides an
opportunity to quantify and map erosion-prone zones, thereby
strengthening conservation strategies (18-20).

Against this background, the present study was undertaken
with the hypothesis that K is significantly influenced by variations in
soil texture, organic matter, structure and permeability and that
these effects differ between forest and agricultural land-use systems.
Therefore, the present study aimed to evaluate the K, analyse its
relationship with key pedological characteristics and generate its
spatial distribution map to identify erosion-prone zones and support
targeted soil and water conservation planning,

Materials and Methods
Description of the study area

The present study was conducted in the Umsarang micro-
watershed, situated in the Bhoirymbong block of Ri-Bhoi district,
Meghalaya, India (Fig. 1). The watershed extends between 25°41' to
25°42'00" N latitude and 91°10'00" to 92°00' E longitude, covering an
area of about 805.17 ha. It lies within the north-central part of
Meghalaya and is geographically bounded by the districts of Kamrup
and Morigaon (Assam) to the north, Karbi Anglong (Assam) to the
east and East and West Khasi Hills to the south. Topographically, the
area is characterized by undulating hilly terrain with elevations
ranging from 817 to 1058 m above mean sea level. Slopes vary
considerably, from gentle (1-15 %) in the valley lands to moderate
(15-33 %) and very steep (> 33 %) in the upper reaches, reflecting a
mix of lower rolling valleys, intermediate plateaus and dissected
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Fig. 1. Location of the study area (prepared using ArcGIS10.8.2).
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uplands. Geologically, the watershed is dominated by gneissic rock
formations, with groundwater movement largely confined to
fractures and weathered zones. The soil texture ranges from silty clay
loam on sloping lands to clay loam and clay in the low-lying areas.
Soil depth varies from shallow to deep and the soils are generally
acidic and erosion-prone, owing to the combination of undulating
topography and inadequate vegetative cover. The Umsarang micro-
watershed has a humid subtropical climate with warm summers, a
prolonged monsoon, mild winters and an average annual rainfall of
2200-2400 mm, nearly 77 % occurring between July and
September.

Land use and land cover

Agriculture is the primary livelihood in the Umsarang micro-
watershed, where shifting cultivation (jhum) predominates and
major crops include hill paddy, ginger, vegetables and fruit crops
such as orange, pineapple, jackfruit and litchi. Farmers also grow
diverse commodities including French bean, tomato, potato,
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cabbage, cauliflower, turmeric, pea, black pepper, areca nut, betel
leaf and broom grass, with livestock rearing supplementing
household income. The natural vegetation is of mixed forest type,
comprising Quercus, Castanopsis, Toona ciliata, Albizia, Aporosa,
Bauhinia variegata, Duabanga and Ficus spp., although forest cover
has declined considerably due to jhum expansion. Land use and
land cover (LULC), delineated using Sentinel-2 satellite imagery and
validated using ground-truthing during field surveys at a 1:2500
scale, indicated that agriculture accounts for 53.10 % of the
watershed area, followed by forest (38.80 %), settlement (7.45 %)
and water bodies (0.65 %) (Fig. 2).

Field sampling and sample points

The Umsarang micro-watershed is primarily characterized by two
dominant land uses: agriculture and forest. Accordingly, 22 sampling
sites were selected from agricultural land and 18 from forest land,
with locations randomly chosen and geo-referenced using a
handheld GPS (Fig. 3). From each site, composite soil samples were
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Fig. 2. LULC map of the study area (prepared using ArcGIS10.8.2).
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Fig. 3. Sampling points in the watershed (prepared using ArcGIS10.8.2).

X . Table.1. Soil structure and permeability codes based on texture
collected at 0-15 cm depth using a soil auger for subsequent

laboratory analyses. .
anayses: Texture symbol  Structure Permeability

Laboratory analysis
The collected soil samples were subjected to laboratory analysesto  Clay, silty clay C, SiC 1 6
determine their basic physico-chemical properties. Soil texture was  sandy clay, silty clay loam SC, SiCL P 5
determined using the International pipette method, while organic Clav dvclavl
carbon content was estimated following the dichromate wet Siﬁy oam, sandycayioam. - c|, scL, si 2 4
oxidation method (21, 22). The measured organic carbon values . .

. . Silt loam, loam SiL, L 2 3
were subsequently converted to organic matter content by applying
the Van Bemmelen’s correction factor of 1.724. The soil structure ~ Sandy loam, loamy sand SL,LS 2 2

Sand S 3 1
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codes and soil permeability codes were assigned to each sample
based ontexture (12) (Table 1).

Determination of soil erodibility factor (K)

K is a key parameter of the RUSLE, expressing the inherent
susceptibility of soil to erosion under a given set of conditions. It
quantifies the combined influence of soil texture, organic matter,
structure and permeability on the resistance of soil particles to
detachment and transport by raindrop impact and surface runoff (23).
In this study, K-values were computed following the procedure, who
developed a nomograph for estimating K based on soil properties (11).
Thefactorwas calculated using the following equation:

K=1.2917
2.1x10%x M x (12-a)+ 3.25 x (b-2)+2.5 x (c-3)

100
(Eqn.1)

Where, K= soil erodibility factor (t ha h ha® MJ* mm); M= Percent silt
X (100 percent clay); a = organic matter percentage; b = the soil
structure code; c = the profile permeability code.

According to the texture of each soil sample, the
corresponding soil structure (b) and permeability (c) codes were
obtained from the Agricutture Handbook No. 703, USDA, (12),
wherein each soil texture class is assigned a specific structure code
and permeability code (Table 1).

Interpolation of sampled data

The analysed soil samples from each sample point are further
presented in map form. In the GIS environment (ArcGIS 10.8.2),
spatial data were interpolated using the kriging interpolation
method on the point data to transform them into raster forms. This
approach has been widely applied in soil and environmental studies,
as reported by (5, 24-27). Descriptive statistics of soil characteristics,
including minimum, maximum, mean and standard deviation were
determined. Moreover, bivariate relationships between the
measured K-factor and individual soil parameters were examined
using Pearson’s correlation analysis and all the statistical analysis
were carried out with SPSS software (Version 22).

Results and Discussion
Soil properties

The spatial distribution of soil primary particles (sand %, silt % and
clay %) and soil organic matter percentage (SOM) was mapped
using kriging interpolation in ArcGIS 10.8.2 (Fig. 4). Forest and
agricultural soils exhibited marked differences in texture and SOM,
reflecting the contrasting influences of natural ecosystem processes

and anthropogenic land use (Supplementary Table 1). The
descriptive statistics in Table 2 showed that forest soils had a
relatively balanced texture (sand 29.07 %, silt 36.10 % and
clay 34.84 %) and higher SOM (4.32 %), maintained through
continuous inputs of leaf litter and root biomass and minimal
disturbance, which promoted aggregation, porosity and overall
structural stability (28). In contrast, agricultural soils showed slightly
higher sand (30.18 %) and clay (38.56 %) contents but lower silt
(31.26 %) and SOM (3.49 %), indicating soil compaction and
structural degradation resulting from longterm cultivation,
repeated tillage and crop residue removal (29, 30). Across the
watershed, soil structural codes ranged from 1 to 2 and permeability
codes from 4 to 6, reflecting variations in soil physical properties
under different land uses.

Soil erodibility factor (K)

Soil erodibility factor (K), which integrates the influence of texture
and organic matter on susceptibility to erosion, showed similar
mean values in both land uses but with different variability patterns
(Table 2). Forest soils exhibited K factor, with a mean value of
0.19 t ha h ha* MJ* mm™ and low variability (SD = 0.04), indicating
relatively uniform susceptibility to erosion. This stability is
attributed to higher organic matter content and improved soil
aggregation (31). In contrast, agricultural soils exhibited a wider
range of K-value (0.14-0.35 t ha h ha® MJ! mm?) and greater
standard deviation (0.05), suggesting greater spatial heterogeneity
and increased erosion risk. This variability likely reflects differencesin
land management practices, such as tillage intensity, residue
retention and slope conditions. In a similar study, K-factor values in
the Jirang block of Meghalaya ranged from 0.09 to
0.32 t ha h ha' MJ* mm(18). The spatial distribution of the K-factor
across the Umsarang micro-watershed was generated using the
ArcGIS 10.8.2 platform and its range in the micro-watershed was
found to be 0.135 to 0.345 t ha h ha MJ* mm? (Fig. 5). In another
study, working across the entire Ri-Bhoi district of Meghalaya, it has
been reported that K-factor ranges of 0.08-0.41 t ha h ha* MJ* mm*
(mean 0.25) for agricultural lands and 0.09-0.40 t ha h ha® MJ* mm*
(mean 0.22) for forest lands (5). Similarly, K-factor values of
0.12-023 t ha h ha' MJ* mm? in agricultural lands and
0.20-0.22 t ha h ha* MJ* mm™ in forest soils were reported for the
Nongpoh watershed situated in Ri-Bhoi district of Meghalaya has
also been reported (19). The close agreement between these studies
and the present findings highlights the consistency of K patterns
across land-use systems in the Northeastern Hill region and
underscores the dominant role of soil texture and organic matter in
controlling erosion susceptibility. Although slope gradient and
rainfall erosivity (R-factor) were not explicitly quantified in this study,
their interaction with K is well established in hilly watersheds. In the
Umsarang micro-watershed, steep slopes and high monsoonal

Table 2. Descriptive statistics of soil properties and soil erodibility factor (K)

Parameters Soil type Minimum Maximum Mean Standard deviation (SD)
sand (%) Eorest soil ) 17.76 37.75 29.07 6.90
Agricultural soil 18.70 40.99 30.18 4.91
Silt (%) Fprest soil ) 29.40 46.63 36.10 6.12
Agricultural soil 23.64 51.80 31.26 6.97
Forest Soil 29.45 41.68 34.84 2.99
Clay (%) . .
Agricultural Soil 29.50 47.40 38.56 5.45
Forest Soil 4.21 4.44 4.32 0.07
SOM (%) Agricultural Soil 3.04 3.58 3.49 0.14
K factor Eorest Soil ) 0.15 0.26 0.19 0.04
Agricultural Soil 0.14 0.35 0.18 0.05

Note: Number of soil samples for forest and agricultural soils were 18 and 22 respectively.
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rainfall likely amplify the expression of K-factor variability,
particularly in agricultural lands with reduced organic matter and
weaker aggregation. These findings highlight the important
influence of localized edaphic characteristics on the susceptibility of
soils in the Umsarang micro-watershed to erosive processes.

Correlation between soil properties and soil erodibility
factor (K) under forest land-use studies (LUS)

The K factor exhibited strong negative correlations with  (r=-0.863),
clay (r=-0.032) and soil organic matter (r = -0.878), while showing a
highly significant positive correlation with silt content (r = 0.989)
(Table 3). These relationships indicate that soils with higher sand,
clay and organic matter tend to have lower erodibility, whereas an
increase in silt content substantially enhances the susceptibility of
soils to erosion. The negative association of K with organic matter
suggests that organic-rich forest soils possess better structural
stability, higher aggregate formation and improved infiltration,
which collectively reduce detachment and transport by runoff
(32, 33). Similarly, sand- and clay-rich soils exhibit stronger particle
cohesion and aggregate stability that resist erosive forces. In
contrast, silt particles due to their intermediate size and poor
cohesion are more prone to detachment under raindrop impact and
surface runoff, leading to greater soil loss (34). Thus, our study
reflects the inherent instability of silt-dominated soils, where
hydrological fluxes, limited binding agents and weak aggregation
jointly enhance the erodibility potential. Nevertheless, beyond
particle size distribution, aggregate stability, land management
practices and rainfall intensity play crucial roles in determining
erosion response (35, 36). Reduced residue retention and repeated
tillage in agricultural fields weaken aggregate stability, thereby

Table 3. Correlation between the pedological characteristics of
forest LUS and the K factor of the Umsarang micro-watershed

Variables K SOM Sand Silt Clay
K 1

SOM -0.878** 1

Sand -0.863** 0.579* 1

Silt 0.989** -0.851**  -0.901** 1

Clay -0.032 0.404 -0.465 0.036 1

Note: SOM: Soil organic matter; **Correlation is significant at the
0.01 level; *Correlation is significant at the 0.05 level.

increasing susceptibility to erosion even under similar textural
conditions.

Correlation between soil properties and soil erodibility
factor (K) under agricultural LUS

The K-factor exhibited significant negative correlations with sand
(r =-0.663), clay (r = -0.653) and SOM (r = -0.828), while showing a
strong positive association with silt content (r = 0.979) (Table 4).
These results indicate that soils with higher sand, clay and organic
matter contents are less erodible, whereas silt enrichment markedly
increases susceptibility to erosion. The inverse relationship between
K and sand reflects the higher particle mass and hydrodynamic
stability of sand grains, which require greater shear energy for
detachment and are associated with enhanced macroporosity that
promotes infiltration and reduces runoff (37, 38). Likewise, the
negative association with clay underscores the cohesive and
aggregating properties of fine particles, which strengthen soil
structure and improve resistance to detachment (39).
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SOM demonstrated the strongest negative influence on K,
reaffirming its central role in improving soil aggregation, structural
stability and resistance to erosive forces. Through its binding and
adhesive properties, SOM enhances interparticle cohesion, improves
pore connectivity and fosters microbial activity that contributes to
the formation of stable macroaggregates, ultimately reducing both
detachment and sediment transport (40, 41). Conversely, the
positive correlation between silt content and erodibility emphasizes
the inherent instability of silt-dominated soils. Due to their
intermediate particle size (0.002-0.05 mm) and limited cohesive
strength, silt particles are easily detached by raindrop impact and
shear stress from overland flow. Their low colloidal activity and poor
organic binding capacity render them highly mobile once entrained,
contributing significantly to sediment yield and surface soil loss
(5,42,43).

Table 4. Correlation between the pedological characteristics of
agriculture LUS and the K factor of the Umsarang micro-watershed

Variables K SOM Sand Silt Clay
K 1
SOM -0.828** 1
Sand -0.663** 0.282 1
Silt 0.979**  -0.769**  -0.627** 1
Clay -0.653** 0.729** -0.099 -0.713** 1

Note: SOM: Soil organic matter; **Correlation is significant at the
0.01 level; *Correlation is significant at the 0.05 level.

Conclusion

The study revealed clear differences in soil properties and erodibility
between forest and agricultural lands in the Umsarang micro-
watershed. Forest soils, with balanced texture, higher organic matter
and greater aggregate stability, exhibited lower and more uniform
K-factor values, whereas agricultural soils showed reduced organic
matter, altered texture and greater variability in K, indicating higher
erosion susceptibility. The negative relationships of K with sand, clay
and organic matter and its positive association with silt, underscore
the combined role of soil texture and organic matter in controlling soil
erodibility. These findings underscore the importance of
management practices that enhance SOM and structural stability,
particularly in cultivated areas. Based on the spatial identification of
erosion-prone zones, site-specific soil conservation measures such as
residue retention, incorporation of cover crops, reduced tillage,
contour farming and agroforestry systems are strongly
recommended for agricultural lands. Adoption of these practices can
improve aggregation, reduce runoff and soil loss and sustain long-
term crop productivity. Furthermore, the spatial and statistical
insights generated in this study provide a useful framework for
watershed-level planning and support future research incorporating
direct K-factor measurements, long-term monitoring and integration
of slope and rainfall effects to further refine erosion mitigation
strategies and strengthen farmer livelihoods in hilly regions.
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