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Abstract: Studies on the assessment of land degradation, overland flow, soil loss, and nutrient loss
have emerged as paramount importance for food security and rural livelihood in the mountains.
The present study dealt with similar issues in the Eastern Himalayas, for which the primary data
were collected from the field during 2017-18. Quantitative and qualitative methods were used to
collect data on soil erosion and information on overland flow, soil loss, and nutrient loss was assessed
through field experiments in the watershed of Sikkim, Eastern Himalayas. The first section of the
methodology deals with the experimental analysis from different land use categories to quantify
soil loss. In the second section, detailed qualitative analyses of farmers’ perceptions of soil erosion
indicators were recorded through field surveys, i.e., key informant interviews (KEIs) and focus
group discussions (FDGs). The results showed that the highest overland flow was in barren land
(8.63%) followed by large cardamom-based agroforestry system (7.02%), and mixed cropping (4.84%),
and the lowest overland flow was in terrace cultivation (4.69%). Soil loss was estimated to be the
highest for barren land (7.73 Mg/ha/year (megagram /hectare/year)) followed by mixed cropping
(4.32 Mg/ha/year), and terrace cultivation (3.75 Mg/ha/year), with the least soil loss estimated
to be in cardamom-based agroforestry (3.23 Mg/ha/year). Loss of nitrogen (N) (4.49 kg/ha/year)
and phosphorous (P) (2.43 kg/ha/year) were highest in barren land, while potassium (K) loss was
highest (4.30 kg /ha/year) in mixed farming. The lowest N loss rate (3.34 kg /ha/year) was in terrace
cultivation, the lowest P loss rate (8.19 kg /ha/year) was in mixed farming, and the lowest potassium
loss rate (3.28 kg /ha/year) was in cardamom-based agroforestry. Approximately 33% of the farmers
acknowledged light or no soil losses, while 17% of the farmers accepted moderate soil erosion. The
results of field survey indicated that only 15-19% of the farmers reported high or extreme soil loss in
the fields. Farmers in the watershed are practicing multiple measures to control land degradation;
however, marginal farmers are still vulnerable and need strong support from the government to
safeguard their land.

Keywords: land degradation; soil loss; nutrient loss; watershed; Eastern Himalayas

1. Introduction

Land degradation in the form of soil erosion is a global phenomenon that causes
nutrient loss and is a major hurdle to agricultural production and sustainable agricultural
development. Water, wind, ice, and gravity wear away rock to form soil and shape the
ground surface through geological erosion, often known as “natural” erosion.

Itis a long, gradual process that goes undetected most of the time. Accelerated erosion
is the process of soil materials being detached and transported by water, wind, ice, and
gravity as a result of human activity. Even though erosion is as old as agriculture, its

Land 2022, 11, 179. https:/ /doi.org/10.3390/1land11020179

https:/ /www.mdpi.com/journal /land


https://doi.org/10.3390/land11020179
https://doi.org/10.3390/land11020179
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/land
https://www.mdpi.com
https://orcid.org/0000-0002-3073-8175
https://orcid.org/0000-0002-1295-2637
https://orcid.org/0000-0002-9473-6769
https://orcid.org/0000-0003-3296-5651
https://doi.org/10.3390/land11020179
https://www.mdpi.com/journal/land
https://www.mdpi.com/article/10.3390/land11020179?type=check_update&version=2

Land 2022, 11,179

20f16

magnitude has increased significantly [1,2]. Land degradation has a negative impact on
people’s livelihoods and affects one-quarter of the ice-free land area on the planet. The
vast majority of the 1.3 to 3.2 billion individuals impacted live in poverty in developing
nations [3]. According to the FAO-led Global Soil Partnership [4], 75 billion ton (Pg)
of soil is eroded annually from agricultural areas throughout the world, resulting in a
financial loss of 400 billion USD each year. Rainfall and overland flow are the primary
causes of soil erosion and nutrient loss, resulting in soil sterility, productivity decrease, and
ecological degradation [5,6]. Soil erosion is of various types including sheet erosion, water
erosion, mass erosion, landslide, terrace failure, and so on. Vegetation removal, road and
building development, mining, and hydropower project construction have all contributed
to the human-induced intensification of land sliding [7]. Reduced crop productivity and
decreased surface water quality have been shown to be consequences of soil loss on
agricultural land [8,9]. Soil erosion decreases agricultural production, water quality, soil
fertility, and impact hydrology and environmental sustainability [10,11]. Soil erosion
and nutrient loss are linked, and one of the issues influencing sustainable agriculture is
soil erosion. Soil erosion has been attributed to human-induced soil erosion, increased
deforestation, overgrazing, wildfire, and unsuitable land use practices worldwide [12-14].

About 175 million hectares of India’s 328 million hectares of land are experiencing
severe soil erosion as a result of massive deforestation and inadequate land management;
the Shiwaliks and the Lesser Himalayas are two of the most severely affected areas [15].
The Himalayas’ steep slopes, decreased forest cover, and high seismicity are key elements
in river run soil erosion and sedimentation [16]. The hydrology of the basin has been
changing dramatically as a result of soil erosion and floods in the Himalayan River basins
that are transboundary [17], and the challenges have been intensified by social, economic,
and political developments [18]. According to ICIMOD [19], the decline of forest/pasture
regions, landslides, mudslides, terrace failure, and soil loss from steep slopes are the
main causes of land degradation in the Himalayan region. Numerous studies have been
conducted to assess soil erosion in the central Himalayas that focused on the middle
Mountain region [20], while few studies have focused on the High Himalayas [21-23]. In
the northeastern Himalayan region alone, water erosion has resulted in 601 Mt of soil loss
and 685.8, 99.8, 511.1, 22.6, 14.0, 57.1, and 43.0 thousand tons of nitrogen, phosphorus,
potassium, manganese, zinc, calcium, and magnesium, respectively [24]. Soil erosion
rates vary depending on the terrain, slope, land use practices, and population pressure in
different physiographic regions. Sediment losses from different LULC classes fluctuate
significantly because of soils, geology, vegetation, and slope,. Agricultural crop production,
for example, accelerates soil erosion, resulting in stream water quality degradation due to
the accumulation of soil sediments in the water bodies [25], while soil loss under vegetative
cover and in forested areas is generally very minimal [26,27]. Therefore, it is important to
understand the status of soil erosion in different land covers for estimating soil erosion
in highly vulnerable and comparatively minimal soil erosion areas. If the magnitude and
spatial distribution of soil erosion risk areas are identified, management practices to reduce
soil erosion can be carried out successfully. The majority of current studies have been
focused on erosion modeling using various automated processes and toolboxes for soil
erosion estimation with the help of modern geospatial technology [28,29]. Some of the
studies have also focused on soil loss potential under the context of climate change for
predicting future soil loss [30,31]. However, the present study attempts to assess the rate
of soil erosion by using only field data and the perceptions of local farmers regarding soil
erosion and measures of soil conservation. There have been very few attempts to estimate
soil erosion from different land covers in the eastern Himalayan region. In the studied
watershed, organic farming is practiced on terraced slopes; small landholdings on steep
slopes are prone to soil erosion, especially, in the rainy season. Hence, this study was
conducted to assess the rate of soil loss from different land covers during the rainy season
and to investigate the factors driving erosion rates.
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Studies have shown that forests and vegetated areas check soil erosion more efficiently
than any other land use type due to litter and vegetation canopy interception [32]. However,
there are few experimental studies available that have highlighted the role of various land
use practices in evaluating land degradation, overland flow, soil erosion, and nutrient
loss processes [33,34]. Thus, this study aimed to experimentally quantify soil erosion and
surface runoff in the mountainous watershed of Sikkim, Eastern Himalayas. In this study,
we obtain original data on soil erosion in the region, provide insights into how farmers
perceive soil erosion in the region and the measures they use to minimize soil erosion of
their agricultural lands.

2. Material and Methods
2.1. Study Area

The research was carried out in the Rani Khola watershed of Sikkim, in India’s Eastern
Himalayas. With an area of approximately 254 km?, the watershed is located between
27°13'9-27°23/51 N, and 88°29/31-88°43/18 E. (Figure 1). The elevation of the watershed
varies from 311 to 4112 m above sea level. The temperature varies with altitude and slopes,
and ranges from 0 to 26 °C, generally decreasing with increasing altitude. With intensity
ranging from drizzling to torrential rain, the average annual rainfall is approximately
3300 mm and most of the rainfall occurs during the monsoon season (July-September).
Three agro-ecological zones were delineated based on physical and agricultural criteria in
a geospatial environment in the study area [35]. The analyses of agro-ecological zones were
based on a different set of information, namely altitude, climate, major crops, irrigation,
and agricultural practices. The villages were selected from all ecological zones for the
questionnaire survey and are shown in Figure 1. As per the requirements of the study, the
watershed was classified into three distinct agro-ecological zones, i.e., high, medium, and
low. Each agro-ecological zone is characterized by different cropping patterns, as well as
different crop productivity levels and land management practices. The low ecological zone
falls under tropical climate and covers the smallest area in the watershed, while the mid
ecological zone falls in the subtropical and high ecological zone in temperate climate and
covers the largest area of the watershed.

2.2. Data Collection and Analysis

For the collection of data on soil erosion, both quantitative and qualitative methods
were applied. Information on overland flow, soil loss, and nutrient loss was assessed
through field experiments in the watershed area. The first section of the methodology
deals with the experimental analysis from four land use categories to quantify soil loss.
In the second section, detailed qualitative analyses of farmers’ perceptions of soil erosion
indicators were recorded through field surveys, key informant interviews (KElIs), and
focus group discussions (FDGs). To characterize soil erosion, an integrated approach was
adopted, details of which are provided in the following subsections. Overall methodological
framework and data analysis is presented in Figure 2.
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Figure 1. Base map of the study area.

Figure 2. Methodology and data sources used in the study.
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2.2.1. Soil Sample/Soil Physical Properties

Soil samples were collected from a total of 12 locations covering 4 experimental plots
in each land use and land cover type in each ecological zone. The soil samples were taken
in triplicate from the high, mid, and low zones, and sampling points were chosen from the
vicinity of the delineated plots. A single sample of around 100 g was taken from a depth of
up to 15 cm at each location, sealed in a plastic bag, and submitted to the lab for chemical
and physical testing. These samples were taken shortly before the rainy season, during plot
demarcation, and were categorized as parent soil.

2.2.2. Overland Flow, Soil Loss, and Nutrient Loss Data

Overland flow, soil loss, and nutrient loss were estimated from four land use practices,
i.e., barren land, terrace farming, agroforestry, and mixed farming, from 3 ecological zones
namely high, mid, and low.

2.2.3. Experimental Design

In the experimental station, twelve runoff sites were built after soil samples were
collected. These were calculated using artificially delineated plots and natural shallow
surface runoff channels [36,37]. For the assessment of overland flow, soil loss, and nutrient
loss, 3 x 3 m plots were defined; one plot was constructed in each type of land use
practice in each ecological zone. These plots were lined on all sides with aluminum sheets
(approximately 6 cm inserted in the soil and the remaining 15 cm exposed in the air) to
prevent water from entering from the surrounding areas. After each rainfall event, these
collection tanks were used to assess the overland flow and soil loss along the slope.

2.2.4. Measurements Methods

A rain gauge cylinder was used to record rainfall. A ruler was used to measure
the water level in each tank after each rainfall event. The eroded soil was collected in
the collecting tank as suspended clay material and bed-load sediment. Filtration was
performed on the suspended clay material from the sample water using Whatman filter
paper. The losses were calculated on a unit area basis and the total loss from each land use
category was extrapolated. Soil nutrients from two depths (0-15 cm) were tested under
various land uses to investigate the impact of land use on soil fertility and nutrient levels.
The nutrients organic carbon, total nitrogen, total potassium, and total phosphorus were
measured using physico-chemical examination of parent soil and eroded soil samples. The
physical efficiency of the terrace cultivation, mixed farming, and large cardamom-based
agroforestry practices in terms of soil and water retention were examined with and without
conservation measures in these experiments. Additional information on the physical effects
of SWC measures was documented from a household survey of the watershed. The reports
were validated, updated, and some missing material was collected through discussions
with extension workers and innovative farmers.

2.3. Assessment of Farmers’ Perceptions of Soil Erosion

Additional assessment of soil loss was assessed through farmers’ perceptions. To
overcome the problem of data scarcity and evaluate soil erosion in a relatively short period,
a unique approach for assessing land degradation from the standpoint of farmers was used.
It was based on farmer assessments and observations of changes in their fields. These
changes were expressed as soil and productivity loss through visible and comprehensible
indicators by the farmers. For the field survey, three villages were selected from each eco-
logical zone. A total of 300 questionnaires and 9 FGDs were performed in nine villages from
each ecological zone, i.e., high, mid, and low, for the assessment of soil erosion indicators
during the year 2017-18. The villages were selected based on their agriculture practices
and accessibility. Of the total participants in FGDs, 35% of respondents were female. The
FGDs consisted of a mixture of closed- and open-ended questions. Farmers were asked
open-ended questions, thereby, providing participants with an ample opportunity to ex-
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press their views. Five primary and eight supplementary soil loss indicators were chosen
from the Stocking and Murnaghan’s list for soil loss [38]. Indicators of land degradation
were presented and explained to farmers during the discussion and the farmers were
asked to identify the indicators of land degradation, causes, and management strategies to
tackle the problem. The major issues included in the FGDs were farmers’ perceptions and
knowledge of erosion occurrence; soil erosion and productivity levels were categorized
into five classes ranging from none to extreme soil loss. Additional information was also
collected through informal discussions with innovative farmers and agriculture extension
officers to complement and crosscheck the information provided.

2.4. Characteristics of Respondents and Sample Villages

Agriculture is the main activity of the watershed as a majority is rural. Cultivators
constitute around 24.03% of the working population, while agricultural laborers constitute
about 5.04%. According to data collected in a field survey, about 71.33% of respondent
families are nuclear, with an average household size of four people. In the whole watershed,
about 47% of respondents are marginal farmers with less than 0.5 hectares of land, while
30% are medium-sized landholding farmers and 22.66% are big landholding farmers.
Animal traction is mostly utilized for land preparation; however, because only a few people
own a pair of oxen, they are rented to other farms in exchange for labor. The majority of the
watershed’s families do not have fallow seasons in their agricultural rotation. As a result
of this, as well as other constraints such as low-quality seeds and low planting density,
traditional agriculture methods have been lost, and agricultural productivity levels in this
region are often extremely low, making soil and water conservation a pressing concern.

Martam, Assam Lingzey, and Luing are the important villages and were carefully
selected as experimental villages, to obtain a representative sample of villages for the whole
watershed (Figure 1). Table 1 shows the most substantial geographical, climatic, cultural,
and socioeconomic variations among the selected villages. In all the villages, irrigation
potential is limited, and agriculture is primarily rainfed. In all of these villages, the majority
of households still practice mixed farming, with mostly subsistence crops and a herd of
cows and goats. The majority of the households reported that soils were becoming less
productive and had lost much of their previous production capability [39]. Maize, paddy,
ginger, vegetables, and cardamom are still the main crops, among which paddy, ginger and
vegetables require manure. Other important crops are millet and potato.

Table 1. Characteristic features of sampled villages of the watershed.

Assam Lingzey

Elements Martam (Low) (Mid) Luing (High)
No. of Household 776 430 413
Population (no) 3720 2055 2019
Slope (°) 20-25 20-25 25-30
Topography V shaped V shaped V shaped
Altitude (m) 500-600 900-1200 1900-2000
Water availability Good Good Moderate
Agriculture Subsistence/commercial Subsistence/commercial Subsistence/agroforestry

2.5. Erosion in the Watershed

Soil erosion occurs slowly over geologic time, but its cumulative effects on soil quality
over billions of years have been enormous. The mountainous topography of the watershed
is characterized by ridges and ravines generally with sharp narrow crests and deep V-
shaped valleys having varying slope segments. Within the region, there is a lot of variety
in terrain and land use practices, which results in diverse types of land degradation.
Different ecological zones of the watershed experience different forms of land degradation.
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Landslides, mass wasting, rill erosion, gully erosion, and soil erosion from agricultural
lands is dominant in the high ecological zone which covers 54.27% of the watershed, while
in the lower ecological zone which covers 5.56% of the area, sheet erosion, rills, riverbank
expansion, and soil erosion from agricultural lands are major types of land degradation.
Landslides, rill erosion, gully erosion, and soil erosion from agricultural lands are prevailing
types of land degradation in the mid ecological zone which covers about 40.17% area [35].
The severity of the problem is determined by several factors, including slope, plant cover,
soil type, and rainfall intensity. Land use and land cover also play a major role in soil
erosion. The area under dense and open forest covers 74.75% collectively, agricultural land
cover 17.63%, built-up area cover 4.95%, and barren land cover 2.56% of the watershed [40].
Landslides and slope collapse are common in the upper ecological zones with vegetation-
free regions with steep slopes that come under barren land, whereas the damage is restricted
to soil erosion on the gentler slopes. One of the major concerns of soil erosion emerges
from agricultural land where, during the rainy season, farmers have reported soil loss and
nutrient loss from the watershed. During the monsoon season, the intensity of sheet erosion
is increased in all ecological zones’ barren areas. Farmers said the most prevalent types of
land degradation in the watershed include landslides, mass wasting, slope or terrace failure,
rill erosion, sheet erosion, riverbank expansion, and soil erosion from agricultural land
during focus group discussions. Slope failure, gully and sheet erosion, etc. are other issues
identified by the farmers. Soil erosion, seasonal water shortages, rising population, poverty,
and small landholdings are the major hurdles in agricultural production, and farmers are
well aware of the situation since the declining productivity of soil affects the financial
well-being of the farmers. Farmers make investments in their fields by practicing several
indigenous SWC measures such as mechanical, biological, and soil fertility measures to
check soil erosion. Farmers’ first preferences among the various conservation measures
adopted and practiced were agronomic treatment measures. These measures are often less
costly and effectively manage raindrop impact, runoff volumes, and water velocity while
enhancing infiltration and organic matter in the soil profile. Farmers stated that agronomic
measures, such as planting bamboo trees, had been employed to avoid slope failure, gully
erosion, and landslides not just on agricultural land, but also in the watershed’s most
unstable and vulnerable locations.

3. Results and Discussion
3.1. Physico-Chemical Properties of the Soil

The physico-chemical properties of soil characteristics are critical for determining the
soil quality of a certain location, and this was done for the study watershed. Table 2 shows
the findings of the soil samples as well as the values of the selected indicators, such as bulk
density, water retention capacity, texture, and chemical and fertility parameters, for various
land use classes. In soil samples gathered from the various land use/experimental sites,
there was a little variation in bulk density values. The mean bulk density for the barren
land was significantly high as compared with other land use types (Table 2). The mixed
cropping, cardamom-based agroforestry and terrace cultivation had low BD, indicating that
the soil was good for cultivation and vegetation growth as compared to barren land. Higher
values of bulk density were observed in the barren land, because of poor organic matter and
poor soil aggregation. The soil organic matter was observed highest in cardamom-based
agroforestry and mixed farming followed by terrace cultivation and barren land [41,42].
The barren land showed less organic matter than other land use types because of less
vegetation and litter. A description of the land use types used in experimental sites are
given in Table 3 and pictures of selected sites are shown in Figure 3.
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Table 2. Physico-chemical characteristics of soil samples in deferent land use classes.

Soil Mixed Cardamom-Based Terrace Barren
Samples Cropping Agroforestry Cultivation Land
(n=4) (n=4) n=4) (n=4)
Physical Parameters
BD (gm/cc) 1.12 1.13 1.01 1.41
WRC (%) 53.92 57.21 58.2 39.1
Texture
Sand (%) 32.82 31.45 32.24 45.71
Clay (%) 16.35 15.82 14.47 17.3
Silt (%) 47.83 52.73 53.29 68.21
Chemical Parameters
pH 5.8 53 5.6 6.1
OC (%) 12.22 13.43 9.88 6.21
N (kg/ha) —183 157.5 174 153
P (kg/ha) 49.5 435 34.5 40.5
K (kg/ha) 166.53 196.5 218.82 153.46
Mg (mg/kg) 132.51 138.11 162.00 112.27

BD, bulk density; WRC, water retention capacity; OC, organic carbon; N, nitrate (as NOs); P, phosphates; K,
potassium; Mg, magnesium; kg /ha, kilogram per hectare.

Table 3. Description of land use types used in experimental sites.

Land Use . Major La.n d Conservation
Tyvoes Use Soil Type Slope Degradation Types
M Types
Mixed
Mixed Ma]or. Crops are Soil erosion, __cropping
croppin maize and Sandy loam Gentle sheet erosion intercropping,
PpIng vegetables and vegetative
barriers
. Earthen bunds,
Terrace Major crop are Silty-cla stone Bunds
- paddy, ginger, and yeay Stable/leveled Terrace failure -
cultivation . loam and vegetative
maize .
barriers
Major crops are Agroforestry,
Cardamom- agroforestry and minimum
based horticulture, other Sandy loam Moderate Overland flow tillage, and
agroforestry fruits, and fodder vegetative
crops barriers
Agricultural fallow Soil erosion,
land not in use sheet erosion,
Barren Land Silty loam Moderate rills, gully Fallowing

from the previous

year

erosion,
landslides
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Figure 3. Runoff sites: (A) terrace cultivation; (B) mixed farming; (C) agroforestry; (D) barren land.

3.2. Precipitation, Total Runoff, Soil Loss, and Nutrient Loss

The majority of the area in the watershed falls under forest land use [40], however, agri-
cultural areas are affected by raindrop splash and sheet erosion, and further, it intensifies
on the sloping land. Precipitation was recorded at three locations covering each ecological
zone (low, mid, and high) for three rainfall events. The total precipitation recorded with
the help of a rain gauge was 990 mm. The data regarding the total runoff, soil loss, and
nutrient loss were collected from different land uses/land cover classes during the mon-
soon season and the results from three rainfall events during the year 2017 are presented in
Tables 4 and 5. The maximum soil loss values were recorded in barren land followed by
cardamom-based agroforestry, whereas mixed cropping and terrace cultivation recorded
the least amount of soil loss from the watershed. Various studies have also established
the fact that the overland flow was highest in the barren lands, followed by agroforestry
and mixed farming, and a similar result has been observed in the study watershed [43,44].
The reason for less soil loss on the sloppy land was because indigenous soil and water
conservation measures had been widely practiced to conserve soil loss. As for other SWC
practices are concerned agroforestry practices have performed better than other practices.
Terrace cultivation was also identified as a top measure for reducing soil erosion and results
from the analysis confirmed the perceptions of the farmers.
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Table 4. Overland flow and soil loss under different land uses at the experimental sites.
Overland Flow . Soil Loss
Land Use/Land Cover (% of Rainfall) Soil Loss (Kg/ha) (Mg/halyear) *
Mixed cropping 4.84 141 4.32
Terrace cultivation 4.69 130 3.75
Cardamom-based agroforestry 7.02 126 3.23
Barren land 8.63 278 7.73

Values of overland flow and soil loss are the mean of four samplings, calculated for 3 rainfall events in the year
2017. * Mg, megagrams (tons).

Table 5. Overland flow and nutrient loss at the experimental sites.

Nitrogen Phosphorous Potassium

Land Use/Land Overland Flow Organic N) P) (K)
0, 3 0,
Cover (% of Rainfall) Carbon (%) (kg/halyr)
Mixed cropping 4.84 141 3.45 8.19 4.30
Terrace 4.69 1.54 334 2.35 3.43
cultivation
Cardamom-
based 7.02 1.83 3.76 1.59 3.28
agroforestry
Barren land 8.63 1.68 4.49 2.43 4.19

Values calculated for experimental plots under different land uses.

3.2.1. Total Runoff

The barren land (8.63%) had the greatest total runoff (rainfall % during the rainy
season for the same time), where there was no vegetation or grasses, and therefore, it was
prone to erosion during the rainy season. Terrace cultivation had the lowest overland
flow (4.69%), followed by mixed cropping (4.84%) in the watershed. The second highest
runoff was recorded for the large cardamom-based agroforestry system (7.02%), which was
mainly because of the steep slope, newly planted saplings, and application of farmyard
manure (FYM). The difference in overland flow under different land uses/land covers
depended on the capacity to stand against the erosional power of rainfall. It has been
observed that barren land or land without significant vegetation cover usually has higher
runoff as compared with the areas having a higher degree of vegetation cover. Similar
results have been observed in a study conducted in south Sikkim [44].

3.2.2. Soil Loss

In the context of soil loss, the data revealed that, in most of the cases, soil loss followed
the rate of overland flow. Soil loss was the least in the cardamom-based agroforestry
(3.23 Mg/ha/year) followed by terrace cultivation (3.23 Mg/ha/year), mainly due to the
fact that the plants could interrupt rainfall and reduce sheet and splash erosion and the
soil binding capacity of the roots could also stabilize the soil. High soil loss was observed
from the barren land where runoff was also high, because of the lack of vegetative cover
and non-application of SWC measures. The values for soil loss recorded for land under
terrace cultivation were significantly lower than those for barren and open lands, due to
stone bunding and slope reduction (Table 4). The soil loss data showed that the application
of indigenous SWC techniques were worthwhile and successful in minimizing soil loss
as compared with the areas where SWC practices had not implemented. Soil loss was
estimated to be the highest for barren land (7.73 Mg/ha/year) followed by mixed cropping
(4.32 Mg/ha/year). It was also observed that the higher the slope length, the greater the
erosion. Other factors such as rainfall intensity and duration, soil moisture, and geological
setting also influenced runoff and soil erosion.
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3.2.3. Nutrient Loss

Nutrient loss takes place through overland flow and soil loss; indigenous SWC mea-
sures play an essential role in reducing soil loss and nutrient loss. The nutrient losses
under different land uses/land covers in the watershed are shown in Table 6. The results
of the nutrient test of eroded soil show that available phosphorus was significantly high
and total nitrogen was medium in all the land uses/land covers in the study fields. The
concentrations of all the nutrients in eroded soil (N, C, P, and K) were higher because of
the nutrient-rich soil and the samples were collected after the application of the FYM and
preparation of the fields, except for the barren land samples. Organic carbon was also high
in the eroded as well as parent soil for the land uses/land covers.

Table 6. Soil loss indicators for assessing land degradation in the watershed.

S. No Erosion Indicators Occurrence Indicators for Causes Measures

Major Indicators

1. Rills formation Yes Past soil losses Qverland flow and Gully growth
increased runoff

Overland flow and

2 Gullies formation Yes Past soil losses runoff, addltlor?al Dlrec.t
runoff from leaking observations
irrigation channels

Pedestals/rock. . Overland flow and Soil depth

3 exposure and soil Yes Past soil losses .

runoff difference
depth

4 Armour layer Yes Past soil losses Overlan@ flow, Depth of

heavy rainfall armour layer

5 Plant/tree root Yes Past soil losses Overland flow and S(?ﬂ depth

exposure runoff difference

Additional Indicators

Sediment in Ongoing soil Landslides, soil Amount of
6 . Yes .
drains/waterways loss loss sediment
Enrichment Ongoing soil The downslope Growth
7 . Yes . .
ratio/downslope loss movement of soil differences
3 Soil texture and Yes Ongoing soil Soil loss and Direct
color differences loss overland flow observations

From the analysis, it can be suggested that the intensity and frequency of soil erosion
and nutrient loss can be checked by implementing indigenous soil and water conservation
(SWC) practices. The prevention of soil erosion on agricultural land was attributed to
growing mixed crops, reducing slope length, and constructing various types of vegetative
barriers on the slopes. As the vegetative barriers and crops grow, they cover the maximum
area on the slopes and protect them from sheet and splash erosion. In many cases, mulching
and green manure also helped farmers to conserve the soil and increase soil fertility and
productivity. The roots of the crops and vegetative barriers have soil binding capacity and
also stabilize the surface. In this context, it can be said that the barren land is more prone to
soil loss as compared with the lands which are under various indigenous SWC practices
and forestry.

3.3. Farmers’ Perceptiosn of Soil Erosion

This section deals with the farmers” perceptions of land degradation and soil loss.
Farm, field, and farmer-based participatory ways of assessing land degradation and its
impact are needed to safeguard the farmers’ valuable perspectives on conservation mea-
sures and their investment decisions with respect to soil and water conservation. Policies
related to land management mostly rely on scientific reports based on quantitative re-
search. Land degradation, particularly soil erosion, is complicated by a wide range of
biophysical and socioeconomic factors, making it challenging to quantify using a few
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basic measures [45]. Vulnerable communities affected by land degradation require better
policies to combat the problem. Qualitative data on socioeconomic factors and how farmers
perceive land degradations could add value to existing policies, as well as lead to better
policies and decision-making processes. Researchers from various disciplines have defined
land degradation in a variety of ways and they view it as a critical and negative process
for sustainability [46]. Numerous studies have emphasized land degradation but few
studies have been based on the engagement and assessment of farmers [47,48]. It has been
emphasized that land degradation does not operate in isolation, but rather in a synergis-
tic manner [49,50], the major drivers and phenomena that have been identified include
climate change, biodiversity loss, cloud burst, population increase, as well as changing
cropping patterns, intensification of agriculture, and small operational landholdings, which
have led to pressure on the use of land and, in turn, land degradation. Assessing soil
loss based on Stocking and Murnaghan’s (2001) [38], the five major erosion indicators
were all identified in the watershed. Among the other eight minor additional erosional
indicators, three indicators were identified by the farmers during the field survey, which
were sediment in drains/waterways, enrichment ratio/down slope, soil texture and color
differences (Table 6).

The major causes of land degradation seem to be easy to comprehend based on
common parlance, but they are complex in nature. They are closely linked to the natural
ecosystem and the human social system. In the watershed, land degradation occurs in
a variety of time and spatial scales, from a single storm to several decades, and from
the effect of a single raindrop’s location to entire fields in the watershed. Numerous
advantages have been identified for the adoption of a grassroot level farmer-perspective
approach to land degradation assessment. However, three main advantages, in this regard,
are worth mentioning. First, assessment and measurements are more realistic, as they
involve actual field-level processes; second, farmers, who are the ultimate clients and
stakeholders, are involved in the identification process or erosion; and third, analysis and
results of such methodology provide a far more practical view of the types of strategies
that might be accepted by land users. Therefore, if there is a need for policy framework and
impactful outcome, first-hand information must be identified, documented and advocated
for decision making and professional analysis. This study lacked a time scale or historical
analysis of the land degradation processes, which are the important starting point for land
degradation assessment of any area. An analysis was not performed, as the majority of the
areas of the watershed were occupied by forest and tiny patches of land had been utilized
for agriculture and other land uses in the past. To exemplify the various components,
Table 6 presents the erosion indicators, occurrence, causes, and measures identified by
the farmers in the watershed. The major erosion indicators were those indicators that
were clearly visible to the farmers. Information about these indicators was collected and
discussed with the farmers, followed by ground truthing. Additional erosion indicators
that were perceived as uncommon by farmers were also evaluated.

3.3.1. Soil Loss: Farmers’ Perspectives

Indicators of soil erosion included loss of tilled soil (topsoil removal); the occurrence
of rills, gullies and landslides; and sedimentation in the downslope fields. It is noteworthy
that soil erosion takes place primarily because of overland flow and runoff, landslides,
and sheet erosion, as mentioned by the majority of the respondents in the watershed. The
farmers who participated in the field survey all agreed that they faced soil erosion, in some
form or another, of their land. About 33% of the farmers in all ecological zones responded
that there was light or no soil losses in their field because the majority of the area was
forested, with a strong base of traditional agroforestry and indigenous SWC measures in
the watershed. About 17% of the farmers accepted moderate soil erosion in all ecological
zones where intensive cultivation was practiced. Only 15-19% of the farmers reported from
high to extreme soil loss in the fields because of landslides, rills and gully formation, and
terrace failure in the fields (Table 7). There were also a few farmers who expressed concern
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over soil erosion due to the intensification of agricultural practices, cropping patterns, and
changes in land use practices.

Table 7. Assessment of soil loss based on farmers’ perceptions of the watershed (%).

S. No. Soil Loss Low (n = 100) Mid (n = 100) High (n = 100)
1 No 33 35 42
2 Light 29 31 25
3 Moderate 19 15 18
4 High 14 12 11
5 Extreme 5 7 4

In the watershed, soil erosion processes and their effects are not clearly visible and
are not always easy to identify, except for landslides, rills and gullies. The erosion effects
in production loss have not been quantified by researchers and were not substantial in
the watershed. Although serious, these prominent types of soil erosion indicators are
reversible with sustainable farming practices, sufficient remedial measures, and indigenous
SWC practices.

3.3.2. Productivity Loss

Soil erosion has a direct correlation with the productivity loss of land and has been
recognized as a process that needs not only biophysical examination but also socioeconomic
understanding [51]. As per the discussion with the farmers, in the categories from no to
light erosion, no productivity loss had occurred in the agricultural fields. In the categories
from high to extreme soil erosion, productivity loss was medium. Despite productivity
losses, agriculture fields have been maintained by several land management practices
such as the use of mechanical (terracing, bunding, stone barriers, etc.), agronomic (mixed
farming, vegetative barriers, agroforestry, etc.), and soil fertility measures (FYM, green
manure, organic seed, etc.) in the watershed.

In general, land degradation, over the past decades, has increased and had an impact
on the agricultural production capacity (for example, the production of large cardamom
has declined). In each ecological zone, barren land was identified, while construction
of new terraces was challenging to find. The general tendency, in the watershed, was
that farmers had adopted floriculture and horticulture for better economic return and
livelihood with the help of polyhouses. The farmers are well aware of land degradation
and soil loss and consider it to be a serious threat to future generations. Farmers, during
the discussion, were of the view that it was difficult to control land degradation due to the
erratic nature of rainfall, declining land /man ratio, small land holdings, smaller land plots,
loss of indigenous system knowledge, and climate change.

One of the major concerns was soil erosion of agricultural land, where during the rainy
season farmers reported soil loss and nutrient loss from the watershed. During the focus
group discussions, the farmers were asked to identify the indicators of land degradation
that were prevalent in the watershed. Soil erosion, seasonal water shortage, population
growth, small landholdings, and poverty are all factors that contribute to agricultural
production problems, and the farmers are well aware of the situation, since declining
productivity of soil affects their financial well-being. The farmers make investments in
their fields by practicing several indigenous SWC measures such as mechanical, biological,
and soil fertility measures to check soil erosion. Among the various conservation measures
that have been adopted and practiced, farmers prefer agronomic treatments and measures
because they are often less expensive and immediately address raindrop impact, runoff
volumes, and water velocity while boosting infiltration and organic matter in the soil
profile. The farmers indicated that agronomic practices have been utilized not just on
agricultural land, but also to avoid slope failure, gully erosion, and landslides by planting
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bamboo trees in the watershed’s most fragile and vulnerable sections. To control and
reduce the impact of land degradation, the majority of the area should be treated with
vegetative cover to prevent soil erosion and replace nutrient loss. Farmers need to invest
in SWC measures to achieve promising results such as controlling overland flow and soil
loss. Identification and measurement field-level analysis are essential for land degradation
as it provides insight into what type of conservation measures are most promising and
appropriate to implement for sustainable land management. As this assessment is based
on the information and insight of the land user, it is worth integrating with the formulation
of land management policies.

4. Conclusions

At present, several methodologies to assess land degradation and soil erosion are
available such as the application of formula-based geospatial techniques and grid system
monitoring; however, in this study, we have outlined erosion plots and rainfall (overland
flow soil loss and nutrient loss) as well as farmers” perspectives of soil erosion and land
degradation. These methodologies were adopted to obtain a clear picture of the status and
processes of land degradation in the Rani Khola watershed. Globally, water is the main
source of soil erosion, and the Rani Khola watershed is no exception. In the experiments
conducted in the different land use classes, we recorded that overland flow, soil loss, and
nutrient loss were the highest for barren land, while, in the agroforestry system, soil loss
was the least even after having the second least overland flow. Indigenous agricultural
and SWC practices are very strong in the watershed and help to conserve the changing
soil surface morphology. Interventions such as planting horticultural trees and cultivating
broom grass on terrace risers for soil fertility have significantly decreased soil loss. Farmers
have applied green manure, FYM, and bio-composting in the fields to ensure nutrient
availability in the watershed.

In areas where land degradation assessment is carried out for the first time, field
monitoring and assessment techniques are best suited. Field-based observations with
active farmer participation have proven to be useful and have various advantages for
assessing land degradation and for understanding its impact in a region where such
data are not available. However, this technique is only suitable for small study areas.
An integrated approach of field-based observations and soil erosion modeling that uses
multiple parameters would provide better data for larger regions with increased accuracy.
In the present study area, further studies could also be done by using the results of the
current study and integrating them with erosion models for better assessment of overall
soil loss in the region.

Farmers of the watershed were actively involved in the fieldwork and assessment
that provided a real picture of the processes that are happening in the field in a relatively
short time. The assessment of land degradation involved farmers and local people from all
the ecological zones, and it was found that the majority of the respondents (33%) of the
watershed expressed that their land fell under the “no to slight” erosion categories. The
areas with high and extreme soil erosion were comparatively smaller than the areas with
the other erosion classes. Therefore, in this context, it is clear that, when formulating policy,
decision-makers and conservation professionals must incorporate farmers’ perspectives in
assessing soil loss and adopt conservation measures to safeguard the land.
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