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The process of soil erosion leads to a huge amount of
soil loss in humid subtropical India in both qualitative
and quantitative terms and thus leads to low crop
productivity. For the protection of land from soil ero-
sion and to meet the increasing demand for food, it is
imperative to locate and measure the type, degree and
severity of soil erosion for proper planning to con-
serve or opt for alternative uses. The present work is a
case study to describe the soil erosion and producti-
vity model in one of the northeastern states of India,
which represents humid subtropical climate. The model
describes the relation between the topsoil loss due to
erosion and the level of productivity. The study also
allows the estimation of the tolerable soil loss, keeping
in view the limit to permit crop productivity decline for
a group of soils with specified depth range.

Keywords: Crop productivity, soil erosion, topsoil loss,
tolerable soil loss.

EROSION by water has been considered as the most serious
soil degradation problem in the humid tropical and sub-
tropical India. Dhruvanarayana and Ram Babu® analysed
the existing soil loss data of the entire country and indi-
cated that soil erosion has been taking place at an average
rate of 16.35 t ha™ yr?, totalling an annual loss of 5334
million tonnes. Nearly 29% of the total eroded soil is
permanently lost to the sea and nearly 10% is deposited
in reservoirs, resulting in the reduction of their storage
capacity by 1 or 2% annually. The remaining 61% of the
eroded soil is transferred from one place to another. Rain-
fall erosivity, soil erodibility, topography, vegetative cover,
management and conservation practices are the major
factors affecting soil erosion. Erosion takes place in the
form of sheet, rill and gullies. Sheet erosion takes place
on slopes due to overland flow. Rills form in the areas
where overland flow concentrates. Excess concentration
of flow results in gully erosion. On decreasing slopes of
overland flow, eroded materials get deposited. Total ero-
sion in the form of sheet, rill and gullies is termed as gross
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erosion. Sheet and rill erosion from a unit area of a field
at a specified slope is defined as soil loss. Singh et al.?
reported the annual water erosion rate values from less
than 5tha™ yr? (for dense forests, snow-clad deserts, and
arid regions of western Rajasthan) to more than 80 t ha™ yr™
in the Shiwalik hills. Ravines along the banks of the rivers
Yamuna, Chambal, Mahi, Tapti and Krishna, and the shift-
ing cultivation regions of Orissa and the northeastern
states indicated a soil loss exceeding 40 t ha™ yr. The
annual erosion rate in coastal regions of the Western Ghats
representing humid tropical climate varied from 20 to
30 tha yr. The soils, mainly supporting rainfed agri-
culture, are subject to severe sheet and rill erosion with
an annual soil loss of 20-100 t/ha (ref. 1).

The northeastern states of India represent humid sub-
tropical climate. These states have severe problem of soil-
water erosion because of prevalent practices of shifting
cultivation (jhumming). In the past, the practice of jhum-
ming worked well because of long fallow cycle (20-30
years). But due to increasing population pressure, the cycle
has been narrowed to 3-6 years and thus aggravated the
degradation problems due to erosion. Forest tree-cutting,
burning, clearing and dibbling of seeds cause nearly 4.1 t ha™
of soil loss. Soil erosion from hill slopes (up to 60-70%)
during the first, second and third years has been reported
to be 146.6, 170.2, 30.2 t ha™ yr™ respectively®.

The loss of soil due to erosion varies from different land
uses in addition to quality of soil and intensity of climatic
parameters, especially rainfall and temperature. Since soil
erosion is the major reason for soil loss and consequent
decline in soil productivity, it becomes imperative for the
land-use managers and land-use planners to adopt appro-
priate soil conservation measures to check this. The type
of soil conservation measure again depends on the degree
of soil erosion. Thus, it becomes more important to know
the amount of soil loss due to erosion. Erosion data have
inherent limitations that should be recognized by both re-
source managers and researchers. Variability, often quite
extreme, is characteristic of run-off and soil loss data, and
thus sometimes leads to apparently conflicting results. A
short-term local plot study does not explicitly evaluate
the erosion hazard or treatment effects for an entire land-
scape. In a one-location study, the effects of rainfall, soil
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and slope characteristics can rarely be separated because
these parameters usually occur at the same levels on all
plots in the series or vary in unison. Also, many relevant
secondary variables cannot be controlled under natural
conditions. Some of these vary randomly over time. Some
show seasonal or long-term trends, but fluctuate unpre-
dictably for short time-periods. The positive and negative
effects of random variables and their interrelation thus
balance each other over long time-periods. These limita-
tions were alleviated since grid observations (5 km x 5 km)
of about 200 numbers in an area of approximately
100,000 ha in Tripura were considered to capture the ac-
tual scenario of soil erosion.

The present study explains the development of a re-
gional-level methodology for estimation of actual soil loss
in Tripura. It explains a soil loss and crop productivity
model to estimate tolerable soil loss. It also demonstrates
how topsoil loss can be converted into productivity loss
to estimate soil conservation needs.

Materials and methods

Datasets in terms of physical and chemical properties of
soils and the site characteristics for the 5 km x 5 km grid
points for Tripura were used for the present work*™®.

Land resource inventory
(Sml -site characteristics 5 km grid data)

Land use pattern Levels of crop
(agriculture/horticulture/plantations/forest) production
Potential crop productio
i ) . (without topsoil loss)
Universal soil loss equation

Topsoil

Loss <
Soil depth

Loss of Top soil loss
Crop productivity @e to
Soil depth loss

Tolerable rates
of soil loss

Suggested conservation needs ‘

®Bhattacharyya et al.**
'Modified according to cropping and conservation practices in each grid point (Bhattacharyya et al.>.

Figure 1. Soil loss and crop productivity model for suggested conser-
vation needs in Tripura (adapted from Kassam et al.)®.
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The soil loss and crop productivity model methodo-
logy’ has been modified for the study area (Figure 1).
The method involves the following steps:

(a) Identification of land-use patterns and systematiza-
tion 5 km x 5 km of grid points (200 grid points with
nearly 2500 ha of each) in terms of soil-site charac-
teristics. Most of the land in Tripura is under forest
and agriculture. The other important land-use patterns
include forests and plantations. Rubber is by far the
most important plantation crop in Tripura. The other
plantation crops include coffee and tea*®

(b) Determination of various factors for universal soil
loss equation (USLE) namely rainfall erosivity factor
(R), soil erodibility factor (K), length and steepness
of slope factor (LS), vegetation and crop cover factor
(C) and soil conservation factor (P). To calculate soil
loss, C and P have been specially looked into for
each grid point. And thus the field observations for
each grid point have been utilized for fixing the limits
for C and P factors®.

(c) Quantification of soil loss through erosion following
USLE®™,

(d) Finding the relationship equation between loss of
yield and loss of topsoil to group each grid point ac-
cording to its susceptibility of loss of yield due to
loss of soil by erosion.

(e) Application of the above relationship equation to esti-
mate productivity loss in relation to productivity
potential as quantified from the land-use productivity
model.

(F) Estimate of productivity and tolerable soil loss.

In the model, the estimate is based on short-term losses in
crop production due to loss of fertile topsoil, and long-
term losses in land productivity due to reduction of overall
depth of the soil profile. The model variables in the form
of various land uses (Table 1) indicate permissible slopes
under different levels of inputs’. The critical slope values
in the slope-land use association indicate the upper slope
limit to cultivation, and these limits are subject to modifi-
cation depending on field conditions. The soil loss re-
duces the water-holding capacity, nutrient-holding capacity
and finally the anchorage is affected, which decreases crop
yield. In a specified number of years, viz. 25, 50 or 100, the
acceptable rate of soil erosion is considered that does not
result in a crop yield reduction of more than a specified
amount due to loss of fertile topsoil; and does not result
in more than a specified proportion of land being down-
graded to a lower class of agricultural suitability due to
soil depth reduction. Since the above two criteria are not
interdependent, the acceptable rate of soil loss is taken as
the lower of the two alternatives. The model, therefore,
provides an opportunity to assess tolerable soil loss keep-
ing in view its likely impact on crop yields and the future
availability of cultivable land. The soil erosion and pro-
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Table 1.

Slope-land use association limits

Input levels (% slope)

Land use Low Intermediate High
Wetland crops (with soil conservation)? <30 <30 <30
Wetland crops (without soil conservation) <5 <5 <5
Coffee, tea, rubber (with and without soil conservation measures) <45 <45 <45

®Field bunding is commonly practised in Tripura for wetland crop, viz. paddy. For ~30% slope terracing

is required for paddy cultivation.

ductivity model is linked to crop productivity, which pro-
vides assessments of land suitabilities and the associated
yield potentials for the estimation of tolerable soil loss.

Results and discussion
Crop yield and loss of topsoil

The degree and extent of loss of crop yield vary from soil
to soil since the loss of topsoil depends on various factors.
Besides, since the soil properties in terms of their influ-
ence on crop performance vary, loss of topsoil will affect
different degrees of loss of crop yield. It may be men-
tioned that loss of crop yield due to loss of topsoil may be
compensated by the use of manures and fertilizers. At the
same time, loss of topsoil by soil erosion is also compen-
sated by the formation of new soil through pedogenesis. It
is, therefore, interesting to observe that the processes of
soil formation and soil erosion occur simultaneously in
nature. To calculate loss of topsoil it is necessary to take
into account the amount of soil regenerated, keeping in
view the difference in the rate of soil formation under dif-
ferent types of climatic conditions.

The rate of soil formation has been reported to vary from
<0.25 mm/yr™ in dry and cold environments to >1.5 mm yr™
in humid and warm environments’. Topsoil formation at
the rate of 1 mm yr is equivalent to an annual addition
of 13.3 t ha™, taking into account the weight of a hectare-
furrow slice (15cm depth) soil as 2.2 x 10° kg. Since
Tripura represents a humid climate, the limit of 2.0 mm
soil formation should be equivalent to an annual addition
of (2.2 x 10%/150) x 2.0 = 29 t ha™* soil. The rate of top-soil
formation has been considered in assessing soils at
various grid points in terms of their susceptibility and
to develop six limits to assess the soil erosion status
(Table 2).

On the basis of available data’, the soils of each of the
grid points have been classified in terms of their suscepti-
bility to productivity loss of topsoil, and the presence of
other unfavourable subsoil conditions. These rankings of
susceptibility of the soils are related to actual yield
losses, and by input levels which are as shown through a
set of linear equations (Table 3)". The reduced impact of
topsoil loss under intermediate and high levels of input is
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Table 2. Soil loss of Tripura and its extent
Area
Class Soil loss (tha™ yr') Hectares Percentage
Slight <5 430,131 41
Moderate 5-10 216,115 21
Moderate—severe 10-20 147,923 14
Severe 20-40 68,192 6
Very severe 40-80 90,223 9
Extremely severe >80 96,517 9
Table 3. Relationship between topsoil loss and yield loss
Soil susceptibility Input level Yield loss (y; %)
Least susceptible Low y = 1.0x
Intermediate y = 0.6x
High y =0.2x
Intermediate susceptible Low y = 2.0x
Intermediate y=1.2x
High y = 0.4x
Most susceptible Low y = 7.0x
Intermediate y =5.0x
High y = 3.0x

x = topsoil depth (in cm). If x =25 c¢m, then in least susceptible soils
with low input, yield loss will be 25% as against 50 and 175% in case
of intermediate and most susceptible soils with low inputs.

due to the compensating effect of fertilizers, which is less
on the more susceptible soils because of their more unfa-
vourable subsoil condition.

The tolerable loss rate for a given soil unit and speci-
fied amount and timescale of yield reduction was calcu-
lated in the model following the equation’:

(Ra/Rm x100B x Dt) +3T}
T 1

=t 1)

where TL is the tolerable loss rate (t ha™ yr™?), Ra the ac-
ceptable yield reduction (%), Rm the yield reduction (%)
at the given input level when the effective topsoil is lost,
B the bulk density of soil (Mg m™), Dt the depth of effec-
tive topsoil (cm) and T the time (years) over which reduc-
tion is acceptable.
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Crop yield as influenced by soil depth

It has been reported that the rate of soil formation by rock
weathering is extremely slow, up to 0.025 mm/yr™ on vol-
canic rocks in humid areas, and <0.01 mm/yr™ on rock
formations in the semi-arid and arid areas'* characterized
by an annual rainfall of <1000 mm. Even if a high degree
of weathering is taken into account, it might take 4000
years to produce 10 cm of soil*™. It is in view of this fact
that the rate at which rocks weather to form soils, has not
been considered as a factor in the model’ in assessing tol-
erable soil losses in Tripura.

Estimation of the effect of soil-depth reduction is based
on the assumption that there is no significant loss of pro-
ductivity until the soil becomes so shallow that shortage
of moisture becomes a limiting factor for crop growth.
Critical depth is reached when the productivity loss is
linear, since the soil becomes too shallow to produce any
crop at all'?>. The yield potential could be equated with
soil suitability (Table 4), where soil depth becomes a limit-
ing factor, thus limiting the availability of soil water. In
other words, the soil suitability classes, viz. HS, S, MS,
mS and NS correspond to yield levels of >80, 60-80, 40—
60, 20-40 and <20% of maximum attainable yield respec-
tively (Table 4).

It is presumed that the end result of uniform soil ero-
sion will make the soils non-productive or marginally
productive, depending on the depth of the soils. It is,
therefore, possible to find out the tolerable amount of soil
loss when the depth of the soil is known. To calculate the
tolerable soil losses, soil-depth reduction may be meas-
ured in terms of proportion of the soils in an area that will
be shallower than a given depth due to erosion. The soil
map of Tripura® indicates five depth classes, viz. shallow
(<25 cm), moderately shallow (25-50 cm), moderately
deep (50-100 cm), deep (100-150cm) and very deep
(>150 cm). The rate of soil loss is related to the propor-
tion of land whose soil has become shallower than a
specified depth by the following equation’:

F):SLxT’ @)
B x Dr

where P is the proportion of land downgraded to at least
the next depth class (%; for example, moderately deep (50—
100 cm) to moderately shallow (25-50 cm), SL the soil

Table 4. Soil suitability ratings and yield potential in Tripura

Decrease in yield

Soil suitability rating potential (%)

Highly suitable — suitable (HS-S) 20

Suitable — moderately suitable (S-MS) 40

Moderately suitable — marginally suitable 60
(MS-mS)

Marginally suitable — not suitable (mS-NS) 80
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loss (t ha™* yr), T the time (years), B the bulk density of
the soil (Mg m™), Dr the depth range of the soil class (in
cm; 25cm for shallow and moderately shallow, and
50 cm for other soil classes). Setting a limit of P = 10%,
T =100 years and BD =1.3 in eq. (2), we find that
SL = 0.13 x Dr. Thus depending on the permissible limit
of minimum 25 cm soil depth to allow crop production,
the Dr values will vary with the different depth classes as
25 cm (50 — 25 = 25 cm) for shallow (<25 cm) and mod-
erately shallow (25-50 cm), 75 cm (100-25 = 75 cm) for
moderately deep (50-100 cm), 125 cm (150 — 25 = 125 cm)
for deep (100 — 150 cm) and 150 cm (175 - 25 =150 cm
taking soil depth as minimum 175 cm) for very deep soils
(> 150 cm) respectively. The SL values accordingly may
be worked out as 0 (since the soil depth is <25 cm, these
soils will not tolerate any topsoil loss for sustainable crop
production) for shallow, 3.25 for moderately shallow,
9.75 for moderately deep, 16.25 for deep, and 19.50 t ha™ yr™
for very deep soils respectively.

Topsoil loss and soil depth reduction vis-a-vis
tolerable soil loss

It, therefore, appears that estimation of tolerable soil loss
could be done (i) through values of yield loss that can be
tolerated, or (ii) the proportion of land (in %) that can be
allowed to make the depth of soil shallower at least by
one soil depth class over a specified time period. It has
been found that these two ways to estimate soil loss do
not produce the same values. As a matter of fact, the tol-
erable soil loss calculated through the second method (eq.
2) often produces a lower estimate. Following eq. (2), the
proportions of land downgraded may be calculated. For
example, from shallow (<25 cm) to bed rock (0 cm) soil
depth class, at a moderate rate of erosion (SL =5 tha™ yr™),
with T = 100 years, BD = 1.3 mg m~ and Dr = 25 cm, the
proportion of land downgraded (P) is 15%. Again, at an
accelerated rate of erosion (SL = 50 t ha™ yr™), with similar
values of T, BD and Dr, the proportion of land downgraded
may be estimated as 154%. Since at 100% loss, no soil will
exist, a P value of 100 will be accepted. It is thus observed
that for shallow soils, at an erosion rate of 5tha™ yr™,
Tripura will lose 15% land over a 100-year period. It is
obvious that a deep soil will lose less proportion of land
at this rate of erosion. Thus, a very deep soil will be de-
graded to deep soil at an erosion rate of 2 t ha™ yr™ over
100 year period and will lose only 2% land (Table 5).

Estimation of tolerable soil loss

Combining the information gathered on topsoil loss (SL)
and proportion of land degraded (P), the tolerable soil
loss (TL) may be calculated. As has been mentioned earlier
that the criteria for estimating tolerable soil loss (TL)
have been decided keeping in view the tolerable yield
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Table 5.

Proportion of land downgraded from given depth classes due to soil loss in Tripura (over a 100 year period)

Amount of land lost (% of class)® at erosion rates (tha™ yr™)

Soil depth class and change (cm) 5° 10 25 50 75 100 200 400
From shallow (<25 cm) to bedrock (0) 15 31 77 100

From moderately shallow (25-50 cm) to shallow (<25 cm) 15 31 77 100

From moderately deep (50-100 cm) to moderately shallow (25-50 cm) 5 10 26 51 77 100

From deep (100-150 cm) to moderately deep (50-100 cm) 3 6 15 31 46 61 100

From very deep (>150 cm) to deep (100-150 cm) 2 4 11 22 33 44 88 100

p values in eq. (2); "SL values in eq. (2) as 5, 10, 25, 50, 75, 100, 200 and 400 t ha™ yr™.

Table 6.

Tolerable soil loss (t ha™ yr) equivalent to 10% P of the proportion of land downgraded and >50% reduction in crop yield at low input

level® over 100 years (calculation assumes a minimum of 25 c¢m soil depth for crop production)

Soil susceptibility Low Rm = 25%

Intermediate Rm = 50% High Rm = 175%

Soil depth class (depth, cm)

Shallow® (<25) 0 0 0

Moderately shallow (25-50) 3.25¢ (68)° 3.25 (35.5) 3.25 (12.3)
Moderately deep (50-100) 9.75 (68) 9.75 (35.5) 9.75 (12.3)
Deep (100-150) 16.25 (68) 16.25 (35.5) (16.25) 12.3
Very deep (>150) 19.50 (68) 19.50 (35.5) (19.50) 12.3

*We have made estimates at low input level for Tripura (also see Table 3).

®Depth of shallow soils is <25 cm, which is the minimum requirement for crop production (according to this model). Therefore, soil loss will be nil.
°For moderately shallow depth soils (25-50 cm) and low soil susceptibility (25%, also see Table 3, with P = 10%, Dr =25 cm, T = 100 yrs and
BD = 1.3 mg m=, SL = soil loss is estimated as 3.25 t ha™* yr™ (also see eq. (2)).

9For moderately shallow depth soils (25-50 cm) and low soil susceptibility (25%, also see Table 3), with acceptable 50% crop yield reduction (Rm),
25 cm depth of effective topsoil (Dt) of 1.3 Mg m™, bulk density B for 100 yrs (T), tolerable soil loss (TL) is estimated as 68 t ha™ yr™ (also see eq. (1)).
Note: Since eq. (2), in general, gives the lower value of tolerable soil loss it is accepted. The corresponding values using eq. (1) for intermediate
and high soil susceptibility classes are 35.5 and 12.3 t ha™ yr~* respectively, which are higher than the value (3.25 t ha™ yr™) obtained using eq. (2).
For deep and very deep soils, under high susceptibility soil class, the values obtained using eq. (1) are lower (12.3 t ha™ yr) and hence accepted.
In general, parentheses values are higher and so not accepted as tolerable soil loss.

loss or in other words, the proportion of soil/land (P in
eg. (2)) that can be permitted to become shallower than a
specified depth over a specified time (T fixed as 100
years). Since the two bases for soil loss estimation do not
produce the same result, the acceptable tolerable soil loss
should be the lower estimate among the two. Taking into
account 50% crop yield reduction and a soil depth reduc-
tion resulting in downgrading of 10% of each depth class,
an estimate of tolerable soil loss has been made for dif-
ferent soil depth classes in Tripura over a period of 100
years (Table 6).

Total soil loss by erosion

Soil erosion is one of the major environmental concerns.
The consequences of soil erosion have often led to de-
bates generating two schools of thought*®. The environ-
mentalists believe that accelerated erosion is a cancer on
precious natural resources like land, which declines soil
productivity and causes environmental pollution. The
amount of soil erosion has also been found to be alarm-
ing, therefore, seeking immediate attention for soil con-
servation. The second group is of the view that the soil
erosion data are drastically exaggerated.
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Table 7.

Total annual soil loss in Tripura

Soil loss

Erosion class Range (tha™yr?)  (million tons) yr*

Slight <5 -2.15
Moderate 5-10 -1.62
Moderately severe 10-20 -2.22
Severe 20-40 -2.04%
Very severe 40-80 -5.41°
Extremely severe >80 -7.72%
Total 21.16
Effective soil loss - 15.17

Considered to estimate effective soil loss every year.

It should be mentioned that the estimates appear exag-
gerated when factual information is scarce. To make the
generated information more factual, the huge datasets of
Tripura have been utilized*®***. The realistic soil erosion
datasets thus appear to be more useful for soil-conservation
measures. In Tripura, totally seven classes of soil-erosion
were identified. Taking the median values of the soil erosion
range, the total soil lost under different erosion classes
was estimated (Table 7). As mentioned earlier, there is an
estimated annual addition of 29 tons soil in a hectare in
Tripura. It is in view of this, the soil erosion class indicat-
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Table 8. Estimation of conservation need through soil loss values (for moderately deep soils)
Soil loss (t ha™)
Conservation
Year Land use Annual Total need (P factor)
1-4 Fallow 42 16 0.37
5 Crop — 1st year 122 12
6 Crop — 2nd year 18° 18
7-10 Crop - 3rd to 6th year 252 100
Total soil loss over 10 years 146
Tolerable rate of soil loss 9.75 97.5

*Adapted from Kassam et al.”. ®For moderately deep soils in Tripura (see Table 6).

ing <29 t ha™ yr™* has not been considered while comput-
ing the effective soil loss. The annual loss of soil has thus
been estimated as nearly 15 million tonnes every year
(Table 7).

Application of soil erosion and productivity model

While applying the soil loss and crop productivity model
(Figure 1), potential erosion losses for each desired land
use may be evaluated assuming that no specific soil con-
servation measures are applied, which, in other words,
indicates that the protection factor (P) is one. These results
could be compared with what are considered as acceptable
rates of soil loss under three levels of input (low, inter-
mediate and high; Table 1), which are followed for esti-
mation of the required conservation need and their
associated costs.

The soil conservation need is estimated as the protec-
tion factor (P) when lands are not under any conservation
programmes. The average rate of erosion covers both the
cultivated and the uncultivated parts of the crop and fal-
low-period cycle. Estimation of conservation need shows
that the required soil loss reduction is 48.5 t ha™ (146—
97.5tha™). In land under cultivation, the total soil loss
over 6 years is 130 t ha™ (12 + 18 + 100 t ha™). Therefore,
the conservation need (P factor) required to achieve this
is 48.5/130 = 0.37 (Table 8).

Conservation measures

Soil conservation helps achieve three types of benefit: (a)
long-term reduction in checking the decline of agricul-
tural production; (b) gradual increase in agricultural pro-
duction, and (c) other nonagricultural benefits such as
improved flow to river during summer, reduction in pe-
riodicity and severity of flooding, reduction in siltation of
reservoirs, reduction in damage of various costly infra-
structure, and low harmful impacts on farm lands.

In Tripura many areas in the higher and middle eleva-
tions are under forest (58% TGA)*. The tilla lands and the
lower foothills are used for plantation of rubber and/or for
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agricultural and horticultural crops. These lands are highly
susceptible to soil erosion, and therefore require soil con-
servation measures such as bench-terracing. Most of the
areas showing nearly 15 million tons soil erosion every
year (Table 7), occupy the degraded uplands and forest
areas used for jhumming. In rainfed areas like Tripura,
terraces may be constructed on slopes ranging from 6 to
33%. It has been reported that the value of supporting
conservation practice (P factor) using bench terracing
technique (0.5% longitudinal gradient, 2.5% inward gra-
dient) is quite low (0.027) for very deep red soils in Ooty
hills*®, with a slope of 25%. Judging by similar terrain
conditions, such efforts could be recommended for Tri-
pura. However, appropriate techniques could be evolved
by the conservation experts.

Besides mechanical conservation measures, it may be
mentioned that the tilla lands and part of the degraded
lands with shrubs and bushes become exposed to erosion
due to lack of vegetation. These areas need proper affore-
station programmes. Earlier, part of these areas was recom-
mended to be brought under rubber cultivation and other
plantation and horticultural crops**®. Such practice will
be doubly beneficial since it will save the loss of the most
valuable natural resource like soil and would also generate
income source among the local people.
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