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ABSTRACT
The southern slope of the Meghalaya Plateau located in the Northeast India, separated on
several spurs by deep canyons, receives the highest rainfall at global scale. Former human
activity, in the extreme monsoonal rainfall conditions reaching 11,000 mm annually,
facilitated soil degradation and expansion of grasslands at the expense of forest at higher
elevated spurs. The paper attempts to determine the relative importance of human
activities as compared to natural processes in land degradation of the southern slope of
the Meghalaya Plateau. The spur area of 70 km2 near Cherrapunji was selected for
detailed study. Rainfall data from Cherrapunji station, satellite image from Google Earth,
soil survey and census data were used for estimation of role of different factors in land
degradation. Visual analysis of satellite image derived from Google Earth indicated
dominance of grasslands (73%) with small contribution of forest (18%), built up area
(6%) and surface mining of limestone and coal (2%) in land use structure. Cultivated area
occupied less than 1% of the study area. Impoverished soil, high annual rainfall together
with annual burning of vegetation and grazing are the most probable causes of present
day stability of grasslands within Cherrapunji spur. Soil erosion under degraded
grasslands is now similar to that observed in natural forests and does not reflect the impact
of high rainfall energy. Despite deforestation and severe soil degradation, the population
has increased over the past few decades. This increase was associated with the
intensification of coal and limestone extraction as well as the simultaneous development
of tourism.
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INTRODUCTION
Land degradation is a complex concept that describes how natural resources are depleted
or their quality deteriorates [1]. Degradation is a social problem, regardless of whether
degradation processes occur with or without human interference, because it limits the
current or potential land use [2]. The problem of degradation is not limited to developing
countries, areas with high population density or a specific morphoclimatic zone.
However, there are environments that are inherently more susceptible to degradation, e.g.
mountains with steep slopes receiving very high rainfall, seismically active areas or
regions affected by prolonged drought and subjected to intensive human activities [3].
The Meghalaya Plateau is one of the rainiest inhabited environments on Earth, with more
than 11,000 mm of precipitation recorded annually in Cherrapunji. Although plateau has
sufficient precipitation and temperature to support forest growth, grasses growing on
degraded soils prevail at elevations of above 1000 m a.s.l. [4], [5]. As a result, in the
landscape of the Meghalaya coexist elements of the processes characteristic for
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monsoonal as well as steppe environment [6]. At the same time, the climax vegetation of
the sacred groves (forest patches protected through the ages by the local people) is the
evidence that the plateau must have been covered by forest in the past [7].
The presented paper attempts to determine the relative importance of human activities as
compared to natural processes in land degradation of the southern slope of the Meghalaya
Plateau.
MATERIALS AND METHODS
Study area
The southern slope of the Meghalaya Plateau located in the Northeast India is separated
on several spurs by deep canyons [8] (Figure 1). The spur area of 70 km2 near Cherrapunji
(1300 m a.s.l.) was selected for detailed study. The mean monthly temperature in
Cherrapunji fluctuates between 11.6oC in winter (January) and 20.6oC in summer
(August). The lifting of the southerly monsoon airflow causes water vapor condensation
and high annual rainfall of 11,000 mm [9]. Horizontally bedded sandstones with the thick
limestone beds are parent materials for Inceptisols and Ultisols [10]. Majority of the soils
covering an area of about 80% area is loamy sand and sandy loam. They fall under stony
and rocky classes at the surface level [11]. Landscape is hilly with short but relatively
steep slopes (up to 40o) [12]. The study area is mostly deforested and overgrown with
grasses. The population density doubled since 1981 and reached 320 inhabitants km-2 in
2011 [13]. About 50% of the population lives in Cherrapunji, the only city. In contrast to
the whole Meghalaya State, most of the population is employed outside the agricultural
sector, mainly in mineral extraction, tourism and trade.

Figure 1: Location of the Cherrapunji spur in the Meghalaya Plateau

Data analyses
The rainfall records for Cherrapunji have been collected from Regional Meteorological
Office in Guwahati. The detailed rainfall structure has been analysed on the basis of daily
rainfall for 2000 year, when rainfall totals were close to long-term average. Rainfall
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erosivity has been calculated from hyetographs using Universal Soil Loss Equation
(USLE) rules for the same year [14]. Additionally there were calculated erosive rains in
accordance with recommendations for tropical areas [15]. The method assumes that only
rainfalls of the above 25 mm·h-1 have a sufficient intensity to initiate the soil erosion.
The land use land cover (LULC) of the study area was prepared on the basis of Google
Earth satellite image at spatial resolution of 0.5 m from 2018 digitised at scale of 1:5,000
and verified during field survey. Five LULC classes were delimited: forest, grasses,
agriculture, built up and surface mineral extraction. The land use was supplemented by
soil physico-chemical features inventory on the basis of soil map and field survey at a
scale 1:50,000 [11].
RESULTS AND DISCUSSION
Impact of rainfall
The most distinctive feature of the Cherrapunji spur is the large amount of rain that
annually falls in this area (Table 1). The intensity of rain expressed in millimetres per
time unit controls the start and rate of runoff following soil erosion and therefore is one
of the basic parameters used in formulas describing the soil erosion. Detailed studies on
the basis of the four years (1999-2002) of measurements in Cherrapunji using of the
pluviometer with 1-second time resolution show that rainfall intensities generally do not
exceed 1.0-1.5 mm min-1, and highest are close to 2.0 mm min-1 [6]. Observations were
confirmed by the analysis of hyetographs in 15 and 30-minutes intervals for 2000 year.
The highest rainfall during 15 minutes reached 53 mm (e.g. 3.5 mm min-1).
Table 1: Characteristic of rainfall in Cherrapunji in 2000
Rainfall parameters
Rainfall amount and number
Amount of annual rainfall (mm)
12,255
Amount of annual erosive rainfall (mm) (USLE rules)
10,043
Number o rainy days
180
Number o rainy days >100 mm
42
Number of erosive rains (USLE rules)
132
Number of rains >25 mm·h-1 in 15 min.
457

Rainfall erosivity supplements rainfall characteristic from the initiations of soil erosion.
Calculations based on hyetographs have shown that erosive rains reach 80% of total
rainfall and are observed every month in Cherrapunji. The number of erosive rains of the
above 25 mm·h-1 was almost four times higher than calculated using USLE rules.
Impact of human activities on LULC
There are evidences from historical accounts of British naturalist that grasslands around
Cherrapunji had existed before the 19th century [16], [17]. They have paid attention on
iron industry developed in this part of Khasi Hills from immemorial times. The cutting
trees which have been used for charcoal production necessary for smelting iron ore was
the major cause of deforestation and land degradation around Cherrapunji [18]. Due to a
long duration human activity with successive periods of land clearing and abandonment,
most of the primary subtropical forests have been converted to grasses.
The analysis of satellite image derived from Google Earth indicated dominance of
grasslands (73%) with small contribution of forest (18%), built up area (6%) and surface
mining of limestone and coal (2%) in the present-day land use structure (Figure 2). Forest
preserved only in the deep incised valleys or protected areas. The succession with tree
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species was prevented by annual practice of grass fires and grazing [19]. The built-up
areas increased with the increase in the population. The expansion of built up areas
occurred mainly at the expense of grasslands. Many of the new buildings constitute the
hotel base for the dynamically developing tourism in the last 10 years. Surface coal and
limestone extraction also contributed to LULC. Most of such activities were located
within the already degraded grasslands [20]. Land degraded due to coal extraction was
largest in extent. Coal extraction involved removing of vegetation in an area of about 200300 m radius and digging a pit few meters below ground till the coal seam. Removal of
grass cover with gravel surface led to exposure of subsurface layers of soil to heavy
rainfall and acceleration of the erosion process. Both physical and chemical soil properties
even 20 years after mining operation were not able to return to pre-mined level [20]. The
agriculture was scarce and limited mainly to home gardens due to the degraded soil and
high rainfall. Cultivated fields occupied less than 1% of the spur.

Figure 2: LULC of Cherrapunji spur in 2018. White area indicates canyons.

Impact of natural factors and human activities on soil erosion
High rainfall and hilly topography of the Cherrapunji spur create potential conditions for
efficient runoff and soil erosion. These natural processes can be greatly accelerated by
human activities. Typical soil erosion rates under natural forest are usually below few t
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ha-1 yr-1 and depend mainly on rainfall, topography, soil properties and vegetation [15].
Intensity of soil erosion can be significantly increased through clearing of the natural
vegetation.
Thus, present-day land degradation is connected with deforestation of natural evergreen
forest in historical times as well as shallow soils developed on resistant to weathering
sedimentary rocks [21], [22]. Removal of vegetation accelerated soil erosion and caused
the formation on the degraded surface either as an armoured layer pavement built of
coarse rock fragments and iron concretions or even the exposure of bedrock (Table 2). As
a result, only a small part of the former regolith has still been preserved [6], [22].

LULC
Forest
Grass

Table 2: Selected physico-chemical properties of
topsoil developed on sandstones within Cherrapunji spur
Skeleton Sand
Silt
Clay
Organic
2.0-0.05 0.05-0.002 <0.002
matter
Soil
Depth >2.0
pH
(mm)
(mm)
(mm)
(mm)
(%)
horizon (cm)
(%)
ABbr
0-15
1.6
55.3
24.9
19.8
4.3
5.3
ABbr
0-15
65.3
77.5
18.1
4.4
4.5
3.6

Estimation of soil loss under the degraded grasslands using 137Cs radionuclide tracer has
shown that medium term erosion rates are only 2.1 t ha-1 yr-1 in Cherrapunji spur [23].
The small contribution of fine soil particles in A horizon, very dense grass root system
typical for steppe areas [24] and thick layer of stone pavement protects well subsurface
layers against erosion. Low erosion indicates that compact pavement of soil and root grass
system has exerted a greater control over the sediment transfer than the energy impact of
the rainfall and runoff. Impermeable surface horizon reduces the infiltration rate and
facilitates high runoff (69-81% of annual rainfall) which depends also on the frequency
of grass burning and development of biomass [24]. The runoff is significantly reduced to
27% of annual rainfall under remnants of natural forest near Cherrapunji [25]. The surface
of soil under forest is protected against erosion by thick detrital layer associated with fine
roots of trees and ground vegetation.
CONCLUSIONS
Deforestation and progressive erosion in the past have caused soil degradation that led to
a permanent change in the structure of LULC on the southern slope of a hilly plateau near
Cherrapunji. As a result, erosion under degraded grasslands is now similar to that
observed in natural forests and does not reflect the impact of high rainfall energy.
Impoverished soil, high annual rainfall together with annual burning of vegetation and
grazing are the most probable causes of present day stability of grasslands within
Cherrapunji spur. These operated for long time causes play key role in preserving
degraded land inherited from the past. Despite deforestation and severe soil degradation,
the population has increased over the past few decades. This increase was associated with
the intensification of coal and limestone extraction as well as the simultaneous
development of tourism.
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