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Abstract

Assessment of soil erosion risks, especially in the developing countries, is a challenging task mainly

due to nonavailability or insufficiency of relevant data.  In this paper, the soil erosion risks have

been estimated by integrating the spatial data on potential erosion rates and soil loss tolerance

limits for conservation planning at state level in India.  The erosion risk classes have been prioritized

based upon the difference between the prevailing erosion rates and the permissible erosion limits.

The analysis revealed that about 50% of total geographical area (TGA) of India, falling in five priority

erosion risk classes, requires different intensity of conservation measures though about 91% area

suffers from potential erosion rates varying from < 5 to > 40 t ha1yr1.  Statewise analysis indicated

that Andhra Pradesh, Maharashtra and Rajasthan share about 75% of total area under priority

Class 1 (6.4 M ha) though they account for only 19.4% of the total area (36.2 M ha) under very severe

potential erosion rate category (> 40 t ha1yr1).  It was observed that about 75% of total geographical

area (TGA) in the states of Bihar, Gujarat, Haryana, Kerala and Punjab does not require any specific

soil conservation measure as the potential erosion rates are well within the tolerance limits.  The

developed methodology can be successfully employed for prioritization of erosion risk areas at

watershed, region or country level.
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Introduction

Among many environmental hazards, checking land

degradation is of utmost importance as it has direct bearing

on decline in productivity on arable and non-arable lands.

It is estimated that about 80% of the current degradation on

agricultural land in the world is caused by soil erosion due

to water (Angima et al., 2003). Hydrological disasters

coupled with high erosion rates have serious social,

economic and environmental implications (Pimentel, 2000).

One of the major negative onsite effects of soil erosion is

the loss of soil fertility status leading to decline in

productivity.  It is estimated that India suffers an annual

loss of 13.4 million tonnes in the production of major cereal,

oilseed and pulse crops due to water erosion equivalent to

about $ 2.51 billion (Sharda et al., 2010).  India ranks very

high among the developing countries plagued by high

population and poverty which have close nexus with land

degradation.  Increasing demographic pressures on the

limited and shrinking per capita land resource forces people

to adopt inappropriate and unscientific land use and

management practices for short-term gains with utter

disregard to long-term sustainability and environmental

security (Hacisalihoglu, 2007).  As per harmonized data base

on land degradation, 120.72 million ha area is affected by

various forms of land degradation in India with water erosion

being the chief contributor (68.4%) (Maji,  2007).

Assessment of soil erosion risk and its prioritization

is a challenging task, especially in the developing countries

due to non-availability of relevant data and analytical tools

for such an assessment.  As a result, it becomes difficult to

adopt appropriate conservation and management practices

in risk prone areas to check land degradation and sustain

productivity (Upadhyay, 1991; Arhonditsis et al., 2002).  The

data available on land degradation, prevailing soil erosion
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rates and permissible soil loss limits are either qualitative in

nature or insufficient for efficient planning of conservation

programs at watershed, state or regional level (Sharda and

Mandal, 2011). The criterion for judging whether a given

soil has potential risk of erosion or not is essentially required

for adopting appropriate erosion control measures on

agricultural and other land use systems (Mandal et al., 2006).

Realistic assessment of erosion risk thus constitutes the

first step for raising awareness among governmental and

non-governmental institutions, besides the residents and

other stakeholders in a given region to adopt appropriate

strategies for sustainable and efficient use of natural

resources for the current and future generations.

Soil erosion, besides having significant impact on

the productivity of cultivated land, also adversely affects

chemical, physical and biological functions of soil leading

to eutrophication of surface water resources and

environmental pollution (Onyando et al., 2005). A criterion

for identifying and prioritizing water erosion risk areas in

conjunction with soil loss tolerance limits (T-values) is

essentially required for scientific and rational adoption of

appropriate conservation measures on arable and non-arable

lands. Evaluation of T-value requires judgement about the

rate of soil formation and the time horizon over which land

use has to be sustained. Recently, greater importance is

being attached to T-value as it has direct correlation with

the basic problems of soil erosion (Li et al., 2009; Jha et al.,

2009; Mandal et al., 2010; Mandal and Sharda, 2011). Long-

term field experience and scientific evidence suggest that

the soil has an inherent ability to tolerate or permit a certain

amount of erosion loss depending upon its location specific

attributes and still maintain its long-term productivity and

sustainability (Mandal et al., 2010). The permissible soil

erosion rate or the T-value is a function of balance between

soil forming and soil depleting forces. NRCS (1999) proposed

a typical range of T-values in integer steps varying from 2.5

to 12.5 t ha-1 for different types of soils. Hence, T-value

should also be taken into account in conjunction with

prevailing rate of soil erosion while planning any conservation

program on the basis of soil erosion risks in a given area.

Land managers and policy makers need to have adequate

knowledge of intensity and distribution of soil erosion risk to

check land degradation and efficiently plan various cost

effective land based interventions (Brady and Weil, 2002).

Many process based models have been developed

and employed in the past for estimating soil erosion in different

regions of the world (Li et al., 2009; Rehman et al., 2003).

However, owing to its simplicity, the Universal Soil Loss

Equation (USLE) (Wischmeier and Smith, 1978) continues to

be the most widely used model for soil loss estimations. Several

studies have been conducted in India ( Sharda and Ali, 2008;

Narain et al., 1994) and other countries (Van Rompaey et al.,

2002; Tiwari et al., 2000; Larson et al., 1997) to evaluate the

performance of the USLE in predicting soil loss under different

situations. Soil erosion risk is generally assessed either on the

basis of prevailing soil erosion rate or sediment yield index

(Sreenivas and Venkataratnam, 2005; Rahman et al., 2009;

Bewket and Teferi, 2009). This approach, however, takes into

account only the vulnerability of the soil without considering

its degree of resilience or recovery at a given location. Field

experience and scientific evidences suggest that the soil has

an inherent ability to tolerate or permit a certain amount of

erosion loss depending upon its location-specific attributes

and still maintain its long-term productivity and sustainability

(Mandal et al., 2009; Mandal et al., 2010). The permissible soil

erosion rate or the soil loss tolerance limit (T-value) is a function

of balance between soil forming and soil depleting forces.

Hence, permissible soil loss or T-value should also be taken

into account in conjunction with prevailing rate of erosion

while planning any conservation program based upon soil

erosion risks in a given area.  The main goal of this study was

to determine and prioritize the soil erosion risk of India using

GIS techniques and to make conservation planning for

sustainable use of land resources.

Materials and Methods

Study area : India is endowed with a rich diversity of climatic,

physiographic and edaphic conditions. In the present study,

1649 soil mapping units covering the entire geographical

area of the country were considered to assess and prioritize

the soil erosion risk areas for efficient planning and

implementation of conservation programs by different agencies.

Estimation of potential erosion rates and soil loss tolerance

limits :  In the present study, potential soil erosion rates for

different states of the country were estimated by collecting

data on various parameters of the USLE at 10 km × 10 km grid

spacing employing Microsoft Excel package. The parameters

of the USLE were estimated for a particular grid area (10 kmx

10km) using the average conditions. The rainfall factor, R,

was determined from point rainfall values at grid points using

an empirical prediction equation and the iso-erodent map of

India (Ram Baba et al., 1978). The soil erodibility factor, K,

was estimated using data on soil physical and chemical

properties of dominant soil association units at the grid

location following Wischmeier and Smith (1978). For

topographic factor, LS, slope steepness and length of slope

were calculated using digital contour map. Slope length was

taken as the distance from the point of origin of the runoff to

the point where the slope steepness decreases sufficiently

to cause deposition or to the point where runoff enters a well

defined channel (Kurothe et al.,1997; Yadav and Sachdeva,

2008). The land cover factor, C, for each grid point was

selected either on the basis of main crop grown in the grid

area or existing natural land use. In case of two or more land

uses with substantial area, a weighted average value was

calculated. Soil conservation practice factor, P, was assigned
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to each grid point depending on the conservation practice

used in that grid area. Average annual soil loss at each grid

point was computed using corresponding factors and grid

values were transferred on 1: 4.4 million scale map of India.

The grid point locations and the corresponding erosion rates

were then coupled with ARC-GIS (Version 9.3) software to

prepare composite potential soil erosion rate maps for different

states of the country employing extrapolation technique.

Depending on the intensity of erosion, the potential erosion

rates were  divided  into 5 classes,  viz; very low (< 5 t ha-1yr-1),

low (5-10 t ha-1yr-1), moderate (10-20 t ha-1yr-1), severe (20-40

t ha-1yr-1) and very severe  (> 40 t ha-1yr-1) for delineation and

prioritization of erosion risk areas in each state.

A general guide developed at the Iowa State

University Statistical Laboratory (NRCS, 1999) was used to

arrive at the soil loss tolerance limit (SLTL) or T- values for

each soil unit (Mandal et al., 2009; Mandal et al., 2010)

based on the soil group of each soil mapping unit and the

soil depth. Soil group was determined based on a weighted

additive model in which potential indicators were assigned

weights as per their relative importance. These indicators,

as derived from the sensitivity analysis of the Water Erosion

Prediction Project (Nearing et al., 1990), include infiltration

rate, bulk density, organic carbon, soil erodibility and fertility

parameters. The required information on soil texture, organic

carbon content and soil fertility status was collected and

compiled from soil survey reports of NBSSLUP. The value of

basic infiltration rate and bulk density was derived by using

appropriate pedotransfer function (SSWATER).  Soil erodibility

factor (K) was computed based upon data on soil physical and

chemical properties of dominant soil association units following

standard procedure (Wischmeier and Smith, 1978).

After collecting relevant information on various

parameters, SLTL values were computed for each grid of 10 km

x 10 km size corresponding to the potential erosion rate values.

Accordingly, T-value maps were developed for each state of

the country by employing ARC-GIS (Version 9.3) software.

Assessment of erosion risks : The digital maps or spatial

layers of potential erosion rates and T-values were integrated

at 10 km x 10 km grid level to assess erosion risks in a

geospatial format (ARC-GIS 9.3).  The digital intersection of

the potential erosion rates and the soil loss tolerance limits

provides the information about the spatial variability of the

actual erosion risks. The mean values of soil erosion rates

up to 40  ha-1yr-1  covering four classes, viz < 5, 5-10, 10-20

and 20-40   t ha-1 yr-1 and a mean value of 50 t ha-1yr-1 for

erosion class of  >40 t ha-1 yr-1 were  considered to compute

the erosion risks.   The erosion risks were computed by

employing the following equation:

Erosion risk (ER) = [mean value of potential erosion rate (E)

– soil loss tolerance limit (T)]

For prioritizing the erosion risk classes on the basis

of intensity of erosion, a methodology or criteria was evolved

depending upon the difference between site specific

potential erosion rate and the T-value as presented in Table

1. Potential erosion rates and T-values were considered to

compute the erosion risk at a given location. The degree of

erosion risk was categorized into five classes.  The upper

most priority class (Class 1) was decided based on the

difference between maximum potential erosion rate category

(>40 t ha-1yr-1)   and minimum T-value (2.5 t ha-1yr-1) and

rounding it off to the nearest integer of 5 on the lower side

i.e.  >35 t ha-1 yr-1 as only 11% area of the country falls under

very severe potential erosion rate category of >40 t ha-1yr-1.

Likewise, the range of lower most priority class (Class 5)

has been fixed between 0 and 5 corresponding to lower

most potential erosion rate category of < 5 t ha-1 yr-1 as the

difference (E-T) less than zero would not require any measure

from conservation point of view.  For (E-T) values between

5 and 35, three priority classes at uniform interval of 10 i.e.

25-35, 15-25 and 5-15 t ha-1yr-1 corresponding to priority

classes 2, 3 and 4, respectively were constituted. If potential

erosion rate is equal to or less than T-value then it was

classified as no risk class (Class 6) while the non-soil areas

in the country were covered in Class 7. By following this

procedure or methodology for each state, a thematic map

(1:4.4 million scales) for the erosion risks in India was

developed in GIS environment.

Results and Discussion

Numerical assessment of soil erosion risk is an

effective decision making tool for land users to identify

best management practices (Zhang and Zhang, 2005). As

evident from Table 1, erosion risk in different states has

been prioritized into six classes based upon the criteria

evolved for integrating the potential erosion rates with T-

values.  They signify extremely sensitive (Class 1), very

highly sensitive (Class 2), highly sensitive (Class 3),

moderately sensitive (Class 4), and low priority (Class 5)

risk classes while Class 6 represents risk free area.

Table 1 : Criterion for classifying erosion risks into different

priority classes

Priority (E-T) Remarks

class (t ha-1 yr-1)

1 > 35 Very high priority. Needs special soil

and water conservation measures

2 25-35 High priority for soil conservation

3 15-25 Medium priority for soil conservation

4 5-15 Less priority for soil conservation

5 0-5 Very less priority for soil conservation

6 <0 Requires no treatment

7 Non-soil area Rock outcrops, glaciers and sand dune

etc.
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  The analysis of priority classes in different states

revealed that about 50% of total geographical area (TGA)

of the country is covered under five priority classes

requiring different degrees of erosion management while

44% of TGA falls under no treatment category or risk free

class (Table 2). Considering the potential erosion rates

alone, 91% of TGA of the country covered under 5 erosion

categories with potential erosion rates varying from < 5 t

ha-1 yr-1 to > 40 t ha-1 yr-1 requires different types of erosion

management practices.  It thus fully justifies the need for

adopting an integrated approach for delineation and

prioritization of erosion risk areas rather than considering

only the potential erosion rates.  As per spatial distribution,

percent of TGA of the country under priority classes 1, 2,

3, 4 and 5 has been computed as about 2, 12, 8, 17 and

10%, respectively.

Among different states, Andhra Pradesh,

Maharashtra, Uttarakhand, Rajasthan and Karnataka have

8, 6, 4, 3, and 2% of their respective TGA under priority

Class 1 thus requiring specific treatment for erosion control.

The rugged terrain, high rainfall, steep slope and narrow

valleys, contribute to severe problems of soil erosion. Heavy

silt and bed load being carried by the streams cause choking

of river courses leading to floods over the vast adjoining

areas (Mandal et al., 2009). Though most of the states have

some areas falling under very severe and severe potential

erosion rate classes (> 20 t ha-1 yr-1), they were covered

only under priority risk Classes 2 and 3 rather than Class 1.

It is attributed to higher permissible erosion rates or T-values

prevailing in such areas. In most of the Union Territories

and states like Bihar, Gujarat, Haryana, Kerala and Punjab,

more than 75% of their respective TGA falls under risk free

zone and does not require any treatment as the potential

soil erosion rates are well within the permissible limits.

The priority area under five erosion risk classes

varied from 37 to 83% of the total eroded area based upon

the 5 potential erosion rate classes in north eastern states

(Arunachal Pradesh, Assam, Manipur, Meghalaya,

Nagaland, Sikkim and Tripura) (Table 3). The north eastern

states are very vulnerable to soil erosion due to their

undulating topography, steep slopes and high rainfall.

Moreover, the land encroachment and agricultural activities

on forest areas have further aggravated the problems of

land degradation in the region especially on steeply sloping

land with no conservation measures (Sharma, 2004).

Indiscriminate deforestation and practice of Jhum cultivation

(slash and burn agriculture or shifting agriculture) lead to

accelerated erosion for which proper conservation

measures need to be adopted especially on very steep

slopes (Sen et al., 2006; Sharma, 2004).

Similarly,  in the states of Andhra Pradesh,

Chhattisgarh, Himachal Pradesh, Jharkhand, Karnataka,

Madhya Pradesh, Tamil Nadu, Uttar Pradesh and

Uttarakhand, about 48.5 to 86% of the total eroded areas are

covered under five priority classes depending upon the

potential and permissible rates of soil erosion. In the

remaining states, area under priority risk classes was less

than 50% of the total eroded area. Punjab, Haryana and

Chandigarh have only 5-6% of total eroded area under

different priority classes. The spatial distribution of priority

classes for erozion risk management in different states of

India is presented in Fig. 1.

Soil erosion in a given priority class has to be brought

within the permissible rate or T-value to prevent loss of

productivity and achieve sustainability of production

systems. Therefore, critical areas in the priority classes were

identified based on the targeted erosion rate or T-value at a

given location in each state.  Priority area with a target

value of 2.5 t ha-1 yr-1 is considered as most critical, requiring

immediate attention for adoption of appropriate

conservation strategies. A similar view was expressed by

Lakaria et al. (2008). Based on the present analysis, out of

the total priority area of 162 million ha under 5 erosion risk

classes in all the states, about 11 % (17.80 million ha) area

was  found to be most critical with a target value of only 2.5

t ha-1yr-1 (Table 3).  Similarly, under the five priority classes,

11.97 million ha (7.4%), 35.23 million ha (21.8%), 47.41 million

ha (29.3%) and 49.22 million ha (30.4%) areas were critical in

decreasing order of magnitude with target value of 5.0, 7.5,

10.0 and 12.5 t ha-1yr-1, respectively.  Among the states,

Maharashtra had maximum critical area (47.7%) with a target

value of 2.5 t ha-1 yr-1 followed by Rajasthan (31.6%),

Karnataka (13.5%) and Gujarat (12.3%). Mandal et al. (2006)

reported such low value of soil loss tolerance limit for the

north west Himalayas in India and similar findings have

also been reported by Lakaria et al. (2008) for central India.

In areas susceptible to erosion, there is a need for a

comprehensive soil conservation plan to prevent

catastrophic erosion hazards. Identification and execution

of site specific best management practices is essentially

required in these areas to bring the prevailing erosion rates

within the permissible limits which may otherwise adversely

affect the crop productivity. This could be very useful for

deciding restoration practices to control the soil erosion of

the high priority areas. Misir et al. (2007) indicated that

these problems can be overcome by using predictive models

and decision support systems.

The analysis indicated that the states of Andhra

Pradesh, Maharashtra and Rajasthan together share about

75% of the total area under priority Class 1 in the country (6.4

million ha).  Similarly, about 26% of the total area under priority

Classes 2 and 3 lies in Chhattisgarh and Madhya Pradesh

states while Uttar Pradesh has maximum area under priority

Class 5 (54%).  About 75% of TGA in the states of Bihar,

Gujarat, Haryana, Kerala, and Punjab is free from erosion risk

V. N. Sharda et al.
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Fig. 1 : Priority classes for erosion risk areas in different states of India

as the potential erosion rates are within the tolerance limits.

Considering priority Classes 1 and 2 together, major part of

the respective TGA in the states of Nagaland (68.6 %TGA),

Arunachal Pradesh (42.5%TGA), Meghalaya (34.6%TGA)

and Uttarakhand (33.6%TGA) requires adoption of

appropriate conservation measures for erosion control. In

the states of Assam, Chhattisgarh, Sikkim, Uttar Pradesh and

Jharkhand nearly 20-30% of their total geographical area falls

in priority Classes 1 and 2.  A modest level of erosion risk with

10 -20% of TGA under priority Classes 1 and 2 is observed in

the states of Andhra Pradesh, Madhya Pradesh, Tripura,

Himachal Pradesh, Maharashtra, Karnataka and Rajasthan.

The erosion risk is low in the states of Jammu and Kashmir,

Orissa, Tamil Nadu, Gujarat, Delhi, Punjab and West Bengal

with only 1 to 10 % of TGA falling in priority Classes 1 and

2. In the remaining states, less than 1% of TGA is covered

under priority Classes 1 and 2. Overall, about 50% of the

TGA of India falls under five priority erosion risk classes,

requiring different degrees of erosion management.

The findings from the study would immensely help

the land use planners and policy makers to identify and

execute the site specific best management practices to bring

the erosion rates within the permissible limits following

watershed approach. The procedure and methodology

developed in the study has the potential for adoption at
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Table 2 : Area (ha) under each priority class in different states of india

State Priority class

      1       2       3       4       5       6      7 totala

Andhra Pradesh 2108822 3222728 987068 10882340 1839820 8414485 51637 27.50

(7.67)b (11.72) (3.59) (39.56) (6.69) (30.59) (0.19) (8.36)

Arunachal Pradesh 0 3558221 1199572 929982 0 1772579 913706 8.37

(42.49) (14.32) (11.11) (21.17) (10.91) (2.55)

Assam 0 2248337 1090781 770314 935854 2446492 352022 7.84

(28.66) (13.91) (9.82) (11.93) (31.19) (4.49) (2.39)

Bihar 240 50380 265844 162543 724020 8213271 3 9.41

(0.002) (0.54) (2.82) (1.73) (7.69) (87.22) (0.0003) (2.86)

Chandigarh 0 508 2 0 0 10890 0 0.01

(4.46) (0.02) (95.53) (0.003)

Chhattisgarh 12043 3846740 2680912 1114385 498240 5362061 4719 13.52

(0.09) (28.45) (19.83) (8.24) (3.69) (39.66) (0.03) (4.11)

Dadra & Nagar Haveli 3(0.01) 534(1.09) 1169(2.38) 10(0.02) 0 47385(96.51)0 0.05(0.02)

Daman & Diu 0 0 0 0 5531 5669 0 0.01

(49.38) (50.62) (0.003)

Delhi 176 2652 3613 4409 14553 77725 45173 0.14

(0.12) (1.79) (2.44) (2.97) (9.81) (52.41) (30.46) (0.04)

Gujarat 91079 396573 91956 554693 553448 14729719 3184732 19.60

(0.46) (2.02) (0.47) (2.83) (2.82) (75.14) (16.25) (5.96)

Haryana 0 14703 51422 19392 143392 4192290 2 4.42

(0.33) (1.16) (0.44) (3.24) (94.82) (0.0002) (1.34)

Himachal Pradesh 50935 846917 590419 1211203 800 2835404 31623 5.56

(0.91) (15.21) (10.61) (21.76) (0.01) (50.93) (0.57) (1.69)

Jammu and Kashmir 0 1558185 411478 508513 0 5769195 13976228 22.22

(7.01) (1.85) (2.29) (25.96) (62.89) (6.76)

Jharkhand 221303 1405580 1362380 791804 1321543 2845732 23058 7.97

(2.78) (17.63) (17.09) (9.93) (16.58) (35.70) (0.29) (2.42)

Karnataka 419645 1876255 1672930 9341354 2201275 3573957 93684 19.17

(2.19) (9.78) (8.72) (48.71) (11.48) (18.63) (0.49) (5.83)

Kerala 0 4163 87339 485191 120 3309487 0 3.88

(0.11) (2.25) (12.48) (0.003) (85.16) (1.18)

Madhya Pradesh 391253 5446005 5210447 5545200 1913903 12267725 49967 30.82

(1.27) (17.67) (16.90) (17.99) (6.21) (39.80) (0.16) (9.38)

Maharashtra 1938065 2512427 927179 5625577 2263096 17502064 2892 30.77

(6.30) (8.16) (3.01) (18.28) (7.35) (56.88) (0.01) (9.36)

Manipur 0 1796 592728 592321 3691 1037413 4750 2.23

(0.08) (26.55) (26.53) (0.17) (46.46) (0.21) (0.68)

Meghalaya 0 773060 223716 393487 2613 850024 0 2.24

(34.47) (9.97) (17.54) (0.12) (37.90) (0.68)

Nagaland 0 1137676 96620 149353 131 274121 0 1.65

(68.62) (5.83) (9.01) (0.01) (16.53) (0.50)

Orissa 11413 880617 1241074 2219324 530739 10687533 0 15.57

(0.07) (5.66) (7.97) (14.25) (3.41) (68.64) (4.74)

Pondicherry 0 0 0 1284 3532 42546 639 0.05

(2.68) (7.36) (88.64) (1.33) (0.02)

Punjab 0 71268 75444 49062 124163 4716257 7 5.03

(1.42) (1.50) (0.97) (2.47) (93.65) (0.0001) (1.53)

Rajasthan 752472 2603187 3701237 9895028 3183098 14057966 30911 34.22

(2.20) (7.61) (10.81) (28.91) (9.30) (41.08) (0.09) (10.47)
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Sikkim 24 186471 56390 10305 6508 345325 104577 0.71

(0.003) (26.28) (7.95) (1.45) (0.92) (48.66) (14.74) (0.22)

Tamil Nadu 47105 514795 462762 3768162 1749993 6437034 25948 13.00

(0.36) (3.96) (3.56) (28.97) (13.46) (49.49) (0.20) (3.95)

Tripura 4078 180933 67323 186786 48216 558881 2383 1.05

(0.39) (17.25) (6.42) (17.81) (4.60) (53.30) (0.23) (0.32)

Uttar Pradesh 73618 5048154 2355948 331433 13007166 3276453 29 24.09

(0.31) (20.95) (9.78) (1.38) (53.99) (13.60) (0.0001) (7.33)

Uttarakhand 232124 1567147 533445 409052 360428 1476268 769836 5.34

(4.34) (29.30) (9.97) (7.65) (6.74) (27.60) (14.39) (1.62)

West Bengal 3 105709 272021 334012 1198490 6964964 0 8.87

(0.00003) (1.19) (3.06) (3.76) (13.50) (78.48) (2.70)

Non studied area - - - - - - 3306767 3.40

(1.03) (1.03)

Total 6354401 40061719 26313220 56286518 32634601 144100915 22975293 328.72

(1.93) (12.19) (8.00) (17.12) (9.93) (43.84) (6.99) (100)

a The total area is in million ha; b values in the parentheses are percent TGA/studied area

Table 3 : Priority area (percent) under different soil loss tolerance limits in different states of India

State Eroded area Priority area        Priority area under different tolerance limits (t ha-1 yr-1)

(ha)         (ha) 2.5 5 7.5 10 12.5

Andhra Pradesh 27272341 19040778(69)a 6.16 21.74 32.21 31.37 8.46

Arunachal Pradesh 7407367 5688014(67) 0 0 47.05 52.92 0.02

Assam 7337392 5045286(65) 0 0 9.10 29.31 61.60

Bihar 9416295 1203027(14) 0 1.34 5.31 16.16 77.20

Chandigarh 11400 510(4) 0 0 0 0 0

Chhattisgarh 13504397 8152320(60) 0.04 0.27 33.85 49.05 16.78

Dadra & Nagar Haveli 49099 1716(3) 15.79 15.68 11.81 24.35 32.30

Daman & Diu 11200 5531(49) 0 0 0 0 (100)

Delhi 99778 25403(17) 0 9.02 12.58 15.98 62.42

Gujarat 16103677 1687749(8) 12.33 59.22 8.72 6.58 13.09

Haryana 4421197 228909(4) 0.30 0.02 12.15 0.92 86.61

Himachal Pradesh 5242970 2700274(49) 6.34 0 34.70 58.84 0.07

Jammu & Kashmir 4767212 2478176(11) 0 0 22.09 77.90 0.01

Jharkhand 7933935 5102610(65) 0.01 11.81 12.23 23.54 52.41

Karnataka 18973543 15511459(81) 13.56 4.01 29.73 34.01 18.69

Kerala 3886299 576813(14) 0 0.02 0.07 99.88 0.03

Madhya Pradesh 30650176 18506808(60) 5.88 3.99 34.80 33.44 21.89

Maharashtra 30760994 13266344(42) 47.70 21.49 15.11 0.44 15.26

Manipur 2190016 1190536(54) 0 0.50 21.32 78.12 0.06

Meghalaya 2242900 1392876(62) 0 0 14.57 84.74 0.69

Nagaland 1657901 1383780(84) 0 0 19.43 80.39 0.17

Orissa 15570700 4883167(31) 1.54 1.70 45.05 35.24 16.47

Pondicherry 45094 4816(10) 0 0 0.001 26.66 73.33

Punjab 5036097 319937(5) 0 0 12.79 29.72 57.49

Rajasthan 34181206 20135022(59) 31.67 1.67 13.11 28.79 24.76

Sikkim 271123 259698(36) 0 0.01 21.84 36.40 41.75

Tamil Nadu 12923802 6542817(50) 0.002 12.69 17.77 43.64 25.90

Tripura 1043331 487336(46) 0 8.34 4.23 66.39 21.03

Uttar Pradesh 24092742 20816319(86) 0.09 1.0 1.49 1.21 96.21

Uttarakhand 3900358 3102196(58) 6.72 5.40 17.49 42.20 28.19

West Bengal 8875200 1910235(22) 2.93 16.26 2.13 10.44 68.24

Total 3E+08 1.62E+08(49) 11.01 7.41 21.80 29.33 30.45

aThe figures in the parentheses are percentages of total eroded area
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watershed, region or country level to delineate and prioritize

the erosion risk areas for efficient planning of land resources

without any adverse impact on production systems and

environmental security.
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