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Abstract
The lateritic badland topography (Western part of West Bengal, India) is prone to severe erosion, caused by heavy 

rainfall events of short duration and high intensities. Five catchments were instrumented in order to study the rainfall–
runoff process and soil management impact on runoff and/or sediment yield. In the five micro catchments (Rangamati, 
Medinipur), characterized by a homogeneity of surface geology, a data set of about 43 rainfall–runoff events covering 
the January 2012 to Sept, 2012 period was generated by field monitoring. Multiple regression analysis is done to define 
the role of rainfall volume vis-à-vis vegetation cover on sediment yield. The physical and chemical properties of soil were 
estimated at the initial and final stage of the gully development in the lower gully basin area. Temporal assessment of soil 
erosion indicated that increase of rainfall volume protracted the whole process of sediment production, and vegetation 
on the slope delayed that process. Results indicated that the highest spatial coverage of vegetation (73.5%) yield very 
low amount of soil [basin-I experimental site (Adjusted R2 = 0.56)] whereas, the lowest spatial coverage (5.9%) leads to 
severe soil loss [(basin-IV experimental site (Adjusted R2 = 0.33)]. Results illustrated that at the initial stage, the percent 
of sand was maximum in the upper catchment of each gully basin and the concentration of silt and clay is less. Gradually 
as vegetation starts trapping the sediment, composition of soil changes registering higher percentage of finer particles. 
Again, the nutrients detached from the upper catchment were arrested by check dams that induced nutrients supply 
and water storage, which in turn, increased the growth of vegetation. This result proved the significance of vegetation 
cover to curb soil erosion and it may help the planners and managers to take proper decision for the conservation of soil.

Keywords: Rainfall volume; Vegetation cover; Sediment yield; Gully 
erosion; Check dam

Introduction
The overland flow and sediment yield reduce with the growing of 

plant cover, and this correlation is employed to sanctify the upshot of 
vegetation in extensive land degradation dilemma worldwide [1]. The 
growth of the plantations and natural vegetation in many landscapes 
is limited by the insufficient availability of water and nutrients [2]. At 
long time scales, the vegetation cover and related litter fall played a 
central role in relation to amend of hydrological characteristics and 
soil erodibility, and sediment load in the landscape scenario [3,4]. Field 
studies have become increasingly significant in a series of overlapping 
disciplines mostly covering hydrology, ecology and geomorphology 
[5].

Erosion on the lateritic upland area is proscribed essentially 
by the connections between raindrop processes and surface runoff 
processes [6,7]. The splash will be governing erosion process before 
runoff initiates. The particles are extricated by the collision of rainfall 
and dislodged by ricocheting water droplets [8]. Moreover, the force 
of rainfall incoming at the ground surface is the most decisive factor 
in controlling raindrop detachment rates. Consequently, raindrops 
interrupted by the shrub and herbaceous grassland naturally will 
provide ascend to less splash compare to fall openly on the soil surface 
[9,10]. However, detachment of particles through raindrop is still to be 
a serious problem to control the soil erosion rates. Once the adequate 
flow has accrued, flow entrainment may arise and concentrations of 
flow in rills became the leading pathways for water and sediment.

Field experimental study was conducted in five different small gully 
catchments to understand the role of vegetation characteristics and 
runoff in relation to sediment volume in lateritic upland environment 
of Paschim Medinipur, West Bengal (India).

Material and Methods
Outline of study sites

Rangamati badland topography area is located at the left bank of 
the Cossi (Kansai) river about the 1 km away from Medinipur town 
(Figure 1). A tropical, monsoonal climate prevails in this region with 
mean annual temperature of around 28.4°C, and the average summer 
(May) and winter (December) temperatures of 40.9°C and 7.5°C 
respectively. The annual rainfall in this region is 1850 mm. There are 
important topographic variations within the lateritic upland rill-gully 
landforms [11]. The average slope of this area is between 20° and 40°. 
The gully basin is covered with of primary and secondary succession of 
vegetation (Cyperus rotundus; Rosmarinus officinales; Stipa tenacissima; 
Hedyotis corymbosa; Lantana camara; Euphoria purpuria; Eragrostis 
cynosuroides; Evolvulus nummularia; Saccharum munja; Panicum 
maxima; Andropogon aciculate etc.). Five small gully catchment areas 
were selected for monitoring (Table 1). 

Experimental design

Five small gully catchment areas were monitored from January to 
September 2012. In December 2011, five partial flume collectors were 
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constructed for measurement of sediment and runoff volumes at mouth 
of the gully basins (Figure 2). Runoff volumes are influenced primarily 
by the total amount of rainfall. However, runoff rates resulting from a 
given rainfall, including peak rate or discharge, are influenced primarily 
by the rainfall distribution as well as variability of the rainfall rate or 
intensity over a period of time. A rainfall may be evenly distributed 
over a time period or can vary widely within that same period. These 

different types of rain events can produce extremely different runoff 
volumes and peak discharges. Water level is recorded through the scale 
in the gully catchment area. Sediment yield and runoff was measured 
at the outlet of each gullied catchment area after each runoff producing 
rainfall events (43 recorded rainfall events) by galvanized metal 
sheets. During the monitoring period the soil loss were collected and 
measured after each rainfall event. The climatic data were taken from a 

Figure 1: Location of the study area and experimental design.

Experimental Micro watershed 
(Rangamati badland area) Area (m2) Length of the main gully (m) Watershed width (m) Average slope degree) SD of slope (degree)

Basin-I 198 24.5 12.7 25 14.536
Basin -II 516 35.4 25.0 30 16.876
Basin -III 246 32.0 20.0 27 13.405
Basin -IV 212 18.8 16.2 34 18.352
Basin -V 168 17.9 13.0 42 18.555

Table 1: Physiographic characteristics of five small gully basin areas.
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Medinipur meteorological station and self-recording raingague in the 
field during the study period and shown in Figure 3. 

Selected surface features and soil characteristics 

Soil properties i.e. bulk density (BD), soil texture, soil pH, Calcium 
(Ca++), Nitrogen (Na++), Cation-exchange capacity (CEC), potassium 
(K+), Soil organic matter (SOM), Silica and EC are measured before 
and after the monitoring period. The samples were collected from depth 
0-10 cm of soil profiles in lower section of the gully catchment. Above 
mentioned physical and chemical properties were determined using 
the routine methods (Sarkar, 2005). All soil properties are measured 

in Geo-chemical Lab, GSI, Eastern Region, Kolkata. The physical and 
chemical properties of each catchment are given in Table 2.

Before experiments, the primary and secondary succession of 
vegetation grasses were transplanted in the experimental catchment 
area and the coverage degree is calculated by the grass area occupied 
the surface area during experiment. The percentage of soil covered by 
grass species was recorded at the beginning of monitoring period. The 
whole area of each gully catchment area has been divided into 12 cm2 
grid cell. This percentage was determined by counting the number of 
grid intersections which intercepted vegetation [12-14].

 
Figure 2: Different sizes of small gully catchment at Rangamati badland topography, Medinipur, West Bengal.
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rainfall is not uniformed in the study area. A total of ± 625.90 mm 
rainfall was recorded during the study period.

The highest and lowest total volumes of rainfall were recorded 
in the basins IV and V, respectively (Table 3). The vegetation cover 
reached more than 60% in the basin IV, while only less than 7% in basin 
II. The lowest and highest sediment inflows were correspondingly 
measured in the most vegetated basin IV and poorly vegetated basin 
II, respectively. There was also a relatively strong negative correlation 
between sediment yield and vegetation cover. The results illustrated 
that the sediment yield decreases as the vegetation coverage increases 
in the small gully basin area which corresponded to the results of the 
earlier study [5].

Soil physico-chemical analysis 

The physical and chemical properties of soil are estimated at the 
initial and final stage of the gully development in the lower gully basin 
area. However, this analysis is performed to understand the role of 
vegetation coverage in the nutrient contents movement of soil through 

Statistical analysis 

Descriptive statistics were calculated for each variable of the 
experimental sites. Univariate analysis was used to determination 
relationships between both volume and rainfall volumes and vegetation 
cover. Importance of vegetation cover and rainfall volume for sediment 
volume was specified by multivariate regression in SPSS.

Results and Discussions
Ground surface variables

Five experimental sites were selected to conduct the study. In each 
site sediment volume, rainfall and vegetation characteristics were 
analyzed. Rainfall of the study area is recorded during the period from 
17th January 2012 to 18th September 2012. A bar graph is plotted to 
illustrate the rainfall distribution in the study area (Figure 3). A total 
of 625.90 mm rainfall was recorded during the study period, with the 
highest and lowest event on 04th September 2012 and 11th August 
2012, respectively (e.g less than ± 2mm). However, the distribution of 
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Figure 3: Rainfall characteristics of the experimental site during the study period.

Small gully 
basin

Monitoring 
period

Grain size (%)
pH BD (cm3)

Exchangeable cations (C mol (+) kg-1)
V (%)

sand silt clay Ca++ Mg++ K+ Na++ CEC

B
as

in
-I Jan, 2012 54.64 16.3 29 5.8 1.2-1.4 0.1 1.02 0.11 0.07 6.42 8.0

Sept, 2012 36.2 31.42 32.38 4.6 1.3-1.4 0.7 0.93 0.10 0.75 3.85 43.0

B
as

in
-II Jan, 2012 56.4 18.1 25.5 5.4 1.1-1.2 0.22 0.56 0.19 0.10 4.32 5.0

Sept, 2012 40.5 28 31.5 4.9 1.3-1.5 0.45 0.72 0.08 0.66 2.83 18.0

B
as

in
-II

I

Jan, 2012 50.4 20.5 30.1 5 1.0-1.1 0.06 0.84 0.10 0.47 1.85 10.0

Sept, 2012 47.7 33.3 20 4.2 1.1-1.3 0.38 0.62 0.47 0.77 2.7 25.0

B
as

in
-IV Jan, 2012 48.6 25.3 27.1 6.4 1.4-1.5 0.74 0.42 0.31 0.79 3.12 34.0

Sept, 2012 42.2 33.2 24.6 5.9 1.4-1.6 0.59 0.44 0.42 0.76 2.15 78.0

B
as

in
-V Jan, 2012 51.8 27 21.1 6.1 1.3-1.4 0.97 0.75 0.61 0.84 3.67 7.0

Sept, 2012 35.2 30.4 34.4 5.3 1.4-1.5 0.89 0.81 0.82 0.76 3.55 33.0

BD – Bulk density, Ca- Calcium, Mg – Magnesium, K – Potassium, Na – Sodium, CEC – cataion exchange capacity, V  - Vegetation

Table 2: Changing the soil properties influenced by vegetation growth at lower section of the gully basin during monitoring period.
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rill and gully erosion. In each site soil texture (i.e., percent of silt, sand 
and clay), soil pH, Bulk density, Calcium, Magnesium, Potassium, 
Sodium, Cation exchange capacity and vegetation coverage (%) were 
estimated (Table 3). The result of the analysis showed that at the initial 
stage, the percent of sand was maximum in each gully basin area, 
whereas it is decreased in downwards. It is due to the fact that the large 
grain size, percent of area covered with vegetation and transportation 
capacity along the rill and gully. Consequently, this significant 
difference could be due to the position of the check dam and the use 
of thorough vegetation cover in the downstream reaches. However, 
this result is also corroborated with the previous study [15,16]. On 
the other hand, the concentration of silt and clay percent is lower at 
the initial stage; however it is increase due to maximum coverage of 
vegetation of nutrient contents from the upper catchment area of the 
gully that aids to grow of vegetation. It was found that the pH of the 
soil was higher during the imitation of gully head erosion; however, it 
is decreases gradually in each basin area. Conversely, the higher bulk 
density is recorded due to the rill and gully erosion in the study area. 

Transport of nutrient contents has been investigated in the study 
area to recognize the nutrient contents exchange via rill and gully 
erosion and its effect on sediment volume (Table 3). It is also observed 
that calcium and sodium increase due to splash erosion in the rill and 
gully. Subsequently, the concentration of magnesium and potassium 
is decreased in the lower part of the gully basin areas in comparison to 
initiation of rill and gully erosion. One of the most important finding is 
that the percent of vegetation cover has been increased at the lower gully 
basin areas. It may be due to the concentration of nutrient contents by 
the rill and gully erosion that may aid to growth of vegetation and to 
trap seeds. These results suggest that runoff is an important contributor 
to the loss of organic nutrients of soil in the upper catchment areas. 

Loss of soil nutrients form gully catchment

Removal of vegetation is usually pursued by a period in which 
the soil has adequate organic matter to preserve its physical-chemical 
characteristics, facilitating it to recuperate from the damage, according 
to the perception of soil pliability [17,18]. Rich with organic matters in 
the soil are more pliant than the soils with less organic content, such 
as those of which outweigh in the lateritic upland areas. Furthermore, 
when the surface layer encloses with fresh plant remains, is eroded, the 

subsurface material is uncovered and the capability of this substance 
to grasp nutrients becomes decisive [19]. To evaluate the influence 
of vegetation, in addition to soil nutrient contents such as, calcium, 
organic matter, potassium, sodium, organic carbon and silica content 
is also estimated from the mail gully mouth (Table 4). The results of 
the analysis showed that all these nutrient contents are decreasing and 
transported towards the downstream areas. Another important factors 
is that percent of vegetation cover is very less during the initiation 
of gully erosion. Afterwards, due to rainfall and splash erosion the 
nutrient contents were transported to the lower catchment areas that 
may aid to increase the development of plants as well as reduce erosion 
through surface runoff. Our study is also corroborated with the earlier 
study conducted by Schlesinger [20].

Sediment volume vs. vegetation cover and volume of rainfall 

Pearson coefficient of correlation test has been drawn to estimate 
the relationship between the sediment volume and volume of rainfall 
(Figure 4). The result of our analysis showed a positive and significant 
relationship between these two variables. However, in basin – I, 
maximum r value has been delineated from the basin – I (r = 0.62) 
and the minimum correlation value was delineated from the basin – IV 
(r=0.33).

Conversely, the association between the sediment volume and 
percent of vegetation cover has been performed through Pearson 
coefficient of correlation test. All these sites were showed a negative 
and significant relationship (Figure 5). The highest correlation value 
was recorded from the basin – V (r=-0.57) and the lowest correlation 
value was measured from the basin – II (r=-0.41).

An analysis was performed to understand the role of vegetation 
cover and volume of rainfall on sediment volume in the study site (Table 
5). The results of multivariate regression analysis of five experimental 
plots showed in Table 5. The maximum R2 value was obtained from 
the first experimental site (Adjusted R2=0.56, F=27.34; P <0.01), 
whereas the lowest value was obtained from the fourth experimental 
site (Adjusted R2=0.33, F=11.11; P <0.01). The diverse canopy height 
and structure between the grasses and shrubs escort to the growth of 
dissimilar infiltration characteristics, possibly due to crusting by splash 
effect [21,22].

Field data 
collection Site Parameters Mean Standard Error Median Standard 

Deviation Kurtosis Skewness

B
as

in
 - 

I Sediment volume(mm3) 330814.3 5618.41 167400.00 36411.43 3.97 2.00
Volume of rainfall(mm3) 2608.96 428.29 16631.70 2775.64 8.12 2.67

% of Vegetation 23.02 1.50 22.50 9.72 -1.04 0.21

B
as

in
 - 

II Sediment volume(mm3) 634800.00 10022.42 423200.00 64952.72 8.06 2.44

Volume of rainfall(mm3) 67990.6 1116.14 43342.8 7233.44 8.12 2.67
% of Vegetation 6.98 0.83 5.50 5.40 -0.87 0.67

B
as

in
- I

II Sediment volume(mm3) 350142.9 5047.41 213750.00 32710.93 2.29 1.44
Volume of rainfall(mm3) 324..42 532.12 20663.5 3448.51 8.12 2.67

% of Vegetation 14.14 1.17 15.50 7.59 -1.22 -0.32

B
as

in
 - 

IV Sediment volume(mm3) 214313.3 4496.71 75640.00 29142.02 4.99 2.27

Volume of rainfall(mm3) 27933.0 458.55 17806.8 2971.76 8.12 2.67

% of Vegetation 60.17 1.06 59.50 6.84 -1.13 0.11

B
as

in
 - 

V Sediment volume(mm3) 333042.9 6849.24 171000.00 44388.14 7.05 2.66

Volume of rainfall(mm3) 22136.0 363.39 14111.3 2355.02 8.12 2.67

% of Vegetation 19.14 0.95 19.00 6.18 -0.52 0.12

Table 3: Descriptive characteristics of the estimated ground variables.
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Small gully basin Monitoring period % of vegetation cover
Loss of soil Nutrients (kg/ ha)

Ca++ Organic matter K+ Na++ Organic Carbon Silica

Basin-I
July, 2012 24 0.006 0.260 0.002 0.015 0.152 5.421
Sept, 2012 43 0.003 0.064 0.001 0.003 0.037 1.780

Basin-II
July, 2012 10 0.013 0.451 0.003 0.026 0.264 17.86
Sept, 2012 18 0.007 0.245 0.001 0.016 0.142 3.865

Basin-III
July, 2012 17 0.011 0.530 0.002 0.031 0.308 6.85
Sept, 2012 25 0.006 0.213 0.001 0.012 0.183 4.56

Basin-IV
July, 2012 46 0.008 0.358 0.001 0.024 0.068 4.53
Sept, 2012 78 0.004 0.130 0.001 0.011 0.032 2.60

Basin-V
July, 2012 21 0.009 0.430 0.003 0.013 0.019 3.98
Sept, 2012 33 0.005 0.310 0.001 0.009 0.011 1.22

Table 4: Loss of soil nutrient contents from main gully mouth.

Figure 4: Relationship between sediment volume and runoff volume in the gully basin area of five experimental sites.
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Figure 5: Relationship between sediment volume and percentage of vegetation cover in the gully basin area of five experimental sites.

Site Variables β Standard error T-stat P-value R2 value

B
as

in
 

– 
I

Constant 43424.29 7778.42 5.58 <0.0001
0.56% of vegetation 0.06 0.01 6.01 <0.001

Volume of rainfall(mm3) -19450.5 445.36 -4.37 <0.001

B
as

in
 

– 
II

Constant 626.3 10950.15 5.71 <0.0001
0.49% of vegetation 6.58 1.47 4.48 <0.0001

Volume of rainfall(mm3) -20299.0 420.53 -4.76 <0.0001

B
as

in
 

– 
III

Constant 162187.89 30377.85 5.34 <0.0001
0.43% of vegetation 0.04 0.01 3.13 <0.003

volume of rainfall(mm3) -2507.39 501.65 -5 <0.001

B
as

in
 

– 
IV

Constant 74115.47 15149.24 4.89 <0.0001
0.33% of vegetation 0.04 0.01 3.45 <0.001

Volume of rainfall(mm3) -54017.4 1542.23 -3.5 <0.001

B
as

in
 

– 
V

Constant 87024.81 18679.47 4.66 <0.0001
0.34% of vegetation 0.07 0.02 3.04 <0.004

volume of rainfall(mm3) -36503.5 915.52 -3.99 <0.0002

Table 5: Results of multivariate regression analysis.
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Conclusions
The important benefit of field experimental studies as that 

portrayed here is that they allow to explain the reason of major fluxes 
of water, sediments and nutrients though the rill and gully erosion. By 
assimilating the field experimental rainfall-simulation studies at a series 
of scales with a range of comparatively may be too straightforward 
estimation techniques, it is feasible to characterize the most significant 
direct and indirect effect of vegetation on surface processes, jointly with 
the probable feedbacks of those processes on vegetation intensification. 
Raindrop falling into skinny water layer cause additional instability 
and adjoin to the amount of water on the surface of the whole plot. 
Subsequently the flow velocity of the incoming water during the 
experiments may differ from that in nature, and is probably lower that 
may affect the sediment volume. Such management is imperative due 
to direct hazards such as soil erosion and surface degradation. The 
conditions of the surface and vegetation coverage are also incessantly 
variable. The investigational results attained can be seen to be associated 
very strongly with the previous investigation [5].

However, our results also suggest that vegetation coverage played 
significant role on the sediment volume in the study area, while 
rainfall volume showed negative association (Figure 6). In contrast, 
the percentage of sediment trapped by the vegetation is highest in 
the lower catchment of gully basin area and is lowest in the upper 
catchment area. Consequently, the growth of vegetation coverage is 
also very important factor in the lower catchment areas by increasing 
the soil nutrient contents through sediment trapping by check dam 
construction. Vegetation coverage is effective in filtering sediment 
from surface runoff [22]. This also substantiates the good recital, in 
terms of retention of fine sediments through vegetation coverage in the 
lower catchment areas. 

Runoff is an elementary practice in land degradation, and also 
causing huge loss of soil in the gully catchments. Earlier authors 
have discussed the runoff activities in the context of afforestation or 
vegetation re-establishment, it is generally concluded that runoff rates 
and peak flows are reduced [23-25]. Subsequently, human hindrance, 
such as livestock grazing or modify in the land-use pattern, may 
irrevocably smash up the recovering vegetation in the upland areas 
[26]. From these experiments, it is apparent that for a thriving soil and 

water conservation policy is imperative in order to combat runoff by 
vegetation restoration. The resulting higher infiltration remuneration 
plant growth and biomass fabrication and can also guide to groundwater 
recharge, thus refilling deeper-lying water resources [27,28].

Nevertheless, the inapt subtraction of plant cover and the livestock 
grazing of the barren/upland areas where rill and gully erosion is 
endanger for land conservation, raising an urgent need to implement 
appropriate land management which has a large-scale perspective but 
acts at the local level. Erosion can be alleviated through a progression 
of evaluation at regional scales to put broad targets, for growth and 
restoration of the plant cover, and the introduction of conservation 
measures within the areas at greatest risk.
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