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Characterization and evaluation of land resour ces of basaltic terrain for water shed

management using remote sensing and GIS

ShilpaS. Patil, M.S.S. Nagar aju and Raj eev Srivastava

National Bureau of Soil Survey and Land Use Planning, Amravati Road, Nagpur - 440010, Maharashtra

ABSTRACT : Spatia information of physiography, land use/land cover and soils was derived and subsequenty evaluated to
assess their potential for optimal land use planning in Longadga watershed of Chandrapur district of Maharastra using Landsat
TM and IRSLISS-I11 dataand ground truth. Physiographically, the watershed was characterized into five units namely subdued
plateau, pediment, buried pediment, alluvial plain and valley fills. Major land use / land cover identified in the watershed were
cultivated land and wasteland with scrub. Ten soil series (Kharwad-1, Girsawli-1, Kharwad-2, Girsawli-2, Madheri, Kartangadi,
Panjurni, Longadga, Wandhali and Girsawli-3) weretentatively identified. Soils are deep to very deep except soils of Kharwad-1
(shallow) and Longadga (moderately shallow), clayey with shrink-swell potential and classified as Typic/Vertic Haplustepts and
Typic Haplusterts. Physiographic-soil units (land units) were grouped into IIsand I11sland capability sub-classes, 2sand 3sland
irrigability sub-classes and good and average soil productivity classes. The soils of physiographc units of subdued plateau
(Girsawli-1), pediment, buried pediment, alluvial plain and valley fills are moderately suitable and soils of subdued plateau
(Kharwad-1) are marginally suitable for cotton and pigeonpea cultivation. Soybean was found moderately suitable in soils of
subdued plateau (Girsawli-1), pediment, buried pediment and alluvial plain whereas soils of subdued plateau (Kharwad-1) and
valley fillsaremarginally suitable. Various soil and water conservation measures and management interventionsin different land

units have been suggested for sustainable development.
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Over exploitation of natural resources, with increasing
competition for land and water, is causing wide spread damage
to soil eco-environment. About 148.9 m harepresenting 45.3
per cent of thetotal geographical area(TGA) of the country is
affected by various forms of soil degradation by water, wind,
chemical and physical agencies(Sehgal and Abrol, 1994) and a
threat to long term productivity (Bhattacharyya et al., 2007 ;
Pratap Narain, 2008). To maintain or enhancethe present level
of productivity, management of land resources on scientific
principles is very important. In this endeavor, soil resource
inventory provides an insight into the potentialities and
limitationsfor their optimum utilization through characterization
and evaluation of land resources. It also provides adequate
information intermsof landform, terrain, vegetation aswell as
characteristics of soilswhich can be utilized for land resource
management and development (Manchandaet al., 2002). The
requirements for both accurate and timely information on
resources had exploded considerably over the last decade, for
integrated resource management with watershed as a unit of
planning by integrating information on geomorphology, land
use, dope and soils (Srinivasaet al., 2008)

Remote sensing data providesinformation on geol ogy,

geomorphology, soil and land use/land cover through
systematic analysis following the synoptic and multispectral
coverage of aterrain and the information generated can be
interpreted for various themes viz. land capability, land
irrigability and crop suitability, etc. for better management
and conservation of resources on watershed basis (Solanke
et al., 2005). Severa studies have been initiated on potential
use of remote sensing data for characterization and
management of land resources at watershed level (Sarkar et
al., 2006 ; Srinivasaet al., 2008; Elviset al., 2009).

In the present study, an attempt has been made to
characterize and eval uate the land resources for management
of Longadgawatershed in Chandrapur district of Maharashtra
using IRSLISS 111 and Landsat TM (Thematic Mapper) data
and Gl Stechniques.

MATERIALSANDMETHODS

L ongadgawatershed with an area of 38.98 km? located
between 20°16’ to 20°21' N latitudes and 78°51’ to 78°55' E
longitudes at an el evation between 200 to 260 m above md in
Warora tahsil of Chandrapur district of Maharashtra. The
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geology of the area is Deccan basdt. Physiographicdly, the
watershed ischaracterizedinto fivemgjor physiographic units, viz,
subdued plateau, pediment, buried pediment, dluvia plain and
vdleyfill. Thedimateof theareaissubtropica and dry sub-humid.
Themaximumand minimum temperaturerangesfrom 37°Cto42°C
and 13°C to 15°C, respectively with mean annual temperature of
27.1°C. Theareareceivesan averageannual precipitation of 1349
mm and qudify for ustic and hyperthermic soil moisture and soil
temperatureregimes, repectively. Thenaturd vegetation comprises
a wide variety of dry deciduous mixed tree species, shrubs
interspersed with grasses. Commonly occurring tree species are
Teak (Tectonagrandis), Shivan (Gmdlinaarborea), Babul (Acacia
arabica), Khair (Acacia catechu), Wilayathi Babul (Prospis
juliflora), Plas(Buteamonosperma), Charoli (Buchananealanjan)
and Ber (Ziziphusjujuba). A large percentage of cultivatedlandis
under kharif crops ; cotton (Gossypium spp.), soybean (Glycine
max) and pigeonpea (Cajanus cajan). The dominant rabi crops;
whest (Triticum aestivum) and gram (cicer arietinum) generaly
raised on residual moisture/protectiveirrigation.

Digital data of Landsat TM (Thematic Mapper) of
November with aspatial resolution of 30 mand IRSLISS-I1 of
February 2004 with a spatial resolution of 23.5 m was geo-
referenced with Survey of India(SOl) toposheet using Geomatica
image processing software. The standard False Colour
Composite (FCC) was visualy interpreted in association with
SOI toposheet to delineate physiographic units. For
physiography delineation, contours were digitized from SOI
toposheet and transferred as alayer on to satellite image. The
physiographic units from the highest to the lowest elevation
wereidentified and digitized using ArcGI S software, validated
for digitization erros and polygonized. Attributes were added
to each identified unit and a physiography map was prepared
using ArcMap. Satellite data was interpreted for various land
use/land cover classes. Agriculture land was separated from
non agriculture (wasteland with scrub) using image
interpretation elementslike size, shape and pattern. Further sub-
division of agricultural land into single and double crops, was
done based on kharif and rabi season data. These two maps
wereintegrated to prepare physi ography-land use (PLU) map.
The PLU map with 16 land unitswas verified during field visit
and finalized after incorporation of necessary changesand used
for preparation of soil map and other thematic mapsviz.; land
capability, land irrigability and soil productivity.

Soil profiles were exposed in each physiographic
unit, their location was recorded through Global Positioning

System (GPS) and studied for morphological properties (Soil
Survey Division Staff, 2003). Horizon-wise soil samples
were collected from representative soil seriesfor studying
physical and chemical properties following standard
procedures (Black, 1965 ; Jackson, 1967). Soils were
classified according to Soil Taxonomy (Soil Survey Staff,
1998). The soils were classified under different land
capability as per Klingebiel and Montgomery (1961) and
land irrigability grouping as per AIS& LUS (1971). After
evaluation for land capability, land irrigability, soil
productivity and suitability for cotton, pigeonpea and
soybean, these attributes were added in the attribute table
and linked to the spatial data and thematic maps, viz; land
capability, land irrigability. Soil productivities were
generated using ArcMap.

RESULTSAND DISCUSSION

Land Use/L and Cover

Based on tondl variations and the pattern in the satellite
imagery and supported by ground truth, the land use/land cover
were classified into cultivated land, wasteland with scrub,
waterbody and habitation (Fig. 1). Mgor areaisunder cultivation
(%4.2%of TGA) followed by wastdland with scrub (5.2%of TGA).
Out of thetota cultivated area, 72.9 per cent areaisunder rainfed.

Physiogr aphy-SoilsRelationship

Five major physiographic units, viz; subdued plateau,
pediment, buried pediment, aluvia plainand valley fillswere
identified (Fig. 2). Based on degree of slope and present land
use/land cover, these units were further divided into 16 land
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use/land cover units (Table 1). Subdued plateauislocated at
upper reaches of the watershed at an elevation of 240-260 m
above msl and immediately below the subdued plateau,
pediments exist within 220-240 m above md and acts asrunoff
zones, while buried pedimentswerein themiddle reaches (210-
220mabovemd). Thealluvia plain predominantly depositional
was identified at the lower reaches (200-210 m above mgl).
Thevalley fillsare formed on either side of main stream and
mainly composed of colluvium and aluvium. The major soil
and land characteristics under different physiographic units
arepresented in Table 2.

Table 1. Characterization of different physiography and land use/land
cover units

Land Description

Unit

A. Very gently sloping (1-3%)

Subdued plateau under single crop
Subdued plateau under double crop
Pediment under single crop

Pediment under double crop

Pediment under wasteland with scrub
Buried pediment under single crop
Buried pediment under double crop
Buried pediment under wasteland with scrub
Nearly level (0-1%)

Alluvia plain under single crop

Alluvial plain under double crop

Alluvial plain under wasteland with scrub
Valley fill under single crop

Valley fill under double crop

Valley fill under wasteland with scrub
Habitation

Waterbody

© W oo N O O~ WN -

R
= O

[ e N
o b wWwN

Physical and Chemical Properties

High clay content in general, hasreflected high bulk
density and available water capacity (Table 3). The data
on chemical properties of soils (Table 4) indicates that
the soils are neutral to moderately alkalinewith 7.3t0 9.1
pH. The electrical conductivity (EC) of the soilsiswithin
the acceptable limits (0.19 to 1.3 dSm™) and there is no

Table 2. Major soil and land characteristics under different physiographic units

Physiography Soil series Soil taxonomy Soil depth Soil Soil pH Slope Erosion  Drainage
(cm) texture (1:2.5) (%)
Subdued plateau  Kharwad-1  Fine, smectitic, hyperthermic (cal careous) 32 Clay 7.3 1-3 Moderate Mod. well
Typic Haplustepts drained
Girsawli-1  Very-fine, smectitic, hyperthermic 150 Clay 8.0 1-3 Slight Poor
(calcareous) Typic Haplustererts
Pediment Kharwad-2  Very-fine, smectitic, hyperthermic 150 Clay 8.0 1-3 Moderate Poor
(calcareous) Typic Haplustererts
Girsawli-2  Very-fine, smectitic, hyperthermic 84 Clay 8.1 1-3 Moderate Poor
(calcareous) Vertic Haplustererts
Buried pediment Madheri Very-fine, smectitic, hyperthermic 150 Clay 8.1 1-3 Moderate Poor
(calcareous) Typic Haplustererts
Kartangadi  Fine, smectitic, hyperthermic (calcareous) 75 Clay 8.2 1-3 Slight Poor
Vertic Haplustererts
Alluvia plain Panjurni Fine, smectitic, hyperthermic (calcareous) 150 Clay 8.0 1-3 Moderate Poor
Typic Haplustepts
Longadga  Fine, smectitic, hyperthermic (calcareous) 66 Clay 7.9 1-3 Slight Poor
Vertic Haplustererts
Valley fill Wandhali Fine, smectitic, hyperthermic (calcareous) 150 Clay 8.2 0-1 Moderate Poor
Vertic Haplustererts
Girsawli-3  Fine, smectitic, hyperthermic (cal careous) 150 Clay 8.2 0-1 Moderate Mod.well

Typic Haplustepts

drained
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Horizon Depth Sand Silt Clay BD Water retention (%)
(cm) (%) (%) (%) (Mgm-3) 33kPa 1500 kPa AWC
Kharwad-1 series
Ap 0-15 9.1 33.4 57.5 1.68 30.7 17.1 13.6
Bw 15-32 8.2 32.3 59.5 1.79 32.2 18.2 14.0
Crk 32-70 Weathered basalt with CaCO, nodules
R 70+ Hard basalt
Girsawli-1 series
Ap 0-21 12.5 31.4 56.1 1.68 31.5 18.1 13.4
Bw 21.53 12.1 30.8 57.1 1.71 34.3 20.2 14.1
Bssl 53-87 7.9 28.3 63.8 1.76 325 21.3 11.2
Bss2 87-119 7.2 27.1 65.7 1.79 38.9 23.5 15.4
Bss3 119-150 6.6 26.9 66.5 1.81 40.4 24.6 15.8
Kharwad-1 series
Ap 0-19 10.0 33.0 57.0 1.65 36.0 19.9 16.1
Bw 19-49 8.5 30.4 61.1 1.81 37.7 20.8 16.9
Bssl 49-85 7.9 29.9 62.2 1.80 38.8 21.3 17.4
Bss2 85-118 6.8 28.8 64.4 1.81 43.0 23.7 19.3
Bss3 118-150 5.4 28.2 66.4 1.82 44.5 25.0 19.5
Girsawli-2 series
Ap 0-20 9.2 30.5 60.3 1.68 32.4 17.3 15.1
Bwl 20-48 8.5 29.8 61.7 1.66 33.6 18.2 15.4
Bw2 48-84 7.8 28.5 63.7 1.72 35.9 19.1 16.9
Crk 84-100 Weathered basalt with CaCO, nodules
R 100+ Hard basalt
Madheri series
Ap 0-21 3.2 30.4 66.4 1.57 38.5 21.6 16.9
Bw 21-56 3.1 28.8 68.1 1.82 40.2 23.7 16.5
Bssl 56-92 2.8 26.3 70.9 1.79 41.7 25.4 16.3
Bss2 92-20 2.5 25.9 71.6 1.80 43.4 26.3 17.1
Bss3 120-150 2.3 25.4 72.3 1.81 44.6 27.4 17.2
Kartangadi series
Ap 0-18 8.1 35.1 56.8 1.58 30.2 16.2 14.1
Bwl 18-45 7.6 34.3 58.1 1.63 32.4 18.6 13.8
Bw2 45-85 6.2 32.5 61.3 1.68 34.3 19.1 15.2
Crk 85-110 Weathered basalt with CaCO, nodules
R 110+ Hard basalt
Panjurni series
Ap 0-20 7.4 33.1 59.5 1.55 39.0 19.5 19.5
Bw 20-59 6.7 32.2 61.1 1.79 35.1 20.7 14.4
Bssl 59-98 5.8 30.8 63.4 1.81 37.5 21.8 15.7
Bss2 98-122 4.6 28.9 66.5 1.82 37.7 22.6 15.1
Bss3 122-150 3.8 28.3 67.9 1.84 41.7 24.6 17.1
Longadga series
Ap 0-20 8.8 34.6 56.6 1.67 30.6 16.6 14.0
Bwl 20-42 7.9 32.4 59.7 1.69 32.9 18.3 14.6
Bw2 42-66 7.5 31.8 60.7 1.74 33.2 19.6 13.6
Crk 66-95 Weathered basalt with CaCO, nodules
R 95+ Hard basalt
Wandhali series
Ap 0-20 9.6 34.5 55.9 1.56 30.7 16.5 14.2
Bwl 20-55 8.7 33.2 58.1 1.59 31.2 17.4 13.8
Bw2 55-98 8.3 31.8 59.9 1.62 32.4 18.4 14.0
Bw3 98-132 7.8 30.8 61.4 1.63 34.5 19.6 15.0
Bw4 132-150 7.4 29.8 62.8 1.69 36.3 20.4 15.9
Girsawli-3 series
Ap 0-19 7.9 33.9 58.2 1.63 31.0 16.6 14.4
Bwl 19-36 6.6 32.8 60.6 1.60 31.9 18.1 13.8
2C 36-51 90.3 3.9 5.8 1.40 20.6 10.7 9.9
3Bw2 51-89 10.8 28.4 60.8 1.48 28.3 12.3 16.0
3Bw3 89-120 11.6 27.0 61.4 1.68 32.4 18.6 14.1
3Bw4 120-150 11.5 25.6 62.9 1.71 39.6 18.2 21.4
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Table 4. Chemical properties of soils
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Horizon Depth pH EC ocC CaCo, CEC BS Available micronutrients (mg kg?)
(cm) (1:2.5) (dSm) (%) (%) (cmol (%) Fe Mn Cu Zn
(pH)kg?
Kharwad-1 series
Ap 0-15 7.3 0.10 1.1 3.1 54.0 79.6 22.0 8.6 2.3 0.4
Bw 15-32 7.3 0.13 1.0 3.9 59.1 94.2 19.9 6.2 2.1 0.4
Crk 32-70 Wesathered basalt with CaCO, nodules
R 70+ Hard basalt
Girsawli-1 series
Ap 0-21 8.0 0.14 1.2 4.8 59.1 95.1 12.3 22.7 1.6 0.3
Bw 21-53 8.1 0.12 1.0 5.9 56.5 99.2 10.4 12.1 1.3 0.2
Bssl 53-87 8.2 0.14 0.8 3.7 56.5 98.6 10.6 8.7 1.3 0.2
Bss2 87-119 8.1 0.14 0.7 4.5 56.5 100.5 11.8 11.0 1.4 0.3
Bss3 119-150 8.1 0.15 0.6 4.8 61.7 90.5 11.7 10.4 1.4 0.2
Kharwad-1 series
Ap 0-19 8.0 0.19 0.8 6.2 53.0 101.3 13.8 24.8 1.9 0.4
Bw 19-49 8.6 0.32 0.6 5.6 57.4 104.4 12.8 17.4 1.7 0.2
Bssl 49-85 8.7 0.41 0.5 5.8 55.2 91.5 10.7 5.3 1.5 0.2
Bss2 85-118 8.8 0.73 0.4 7.6 58.5 99.8 10.1 5.0 1.4 0.2
Bss3 118-150 8.8 1.14 4 5.5 61.1 99.9 10.2 9.1 1.6 0.2
Girsawli-2 series
Ap 0-20 8.1 0.14 0.9 5.9 61.7 96.3 13.7 21.2 2.0 0.4
Bwl 20-48 8.2 0.14 0.7 7.7 59.1 95.3 10.7 8.3 1.6 0.2
Bw2 48-84 8.2 0.14 0.5 8.9 56.5 102.6 11.0 6.7 1.6 0.2
Crk 84-100 Weathered basalt with CaCO, nodules
R 100+ Hard basalt
Madheri series
Ap 0-21 8.1 0.16 1.1 7.4 57.4 98.5 13.7 17.2 1.6 0.3
Bw 21-56 8.2 0.12 0.9 7.2 59.1 91.8 13.0 13.3 1.5 0.3
Bssl 56-92 8.2 0.15 0.9 6.6 60.4 89.4 12.8 9.3 1.3 0.2
Bss2 92-20 8.4 0.21 0.8 5.6 59.1 84.2 12.0 10.2 1.2 0.2
Bss3 120-150 8.5 0.26 0.8 3.7 59.1 104.3 11.0 7.1 1.1 0.2
Kartangadi series
Ap 0-18 8.2 0.21 0.7 12.8 49.6 103.4 15.0 23.6 2.0 0.3
Bwl 18-45 8.2 0.23 0.7 9.3 51.3 108.5 11.6 12.9 1.3 0.2
Bw2 45-85 8.5 0.31 0.5 11.0 61.8 104.2 11.2 7.7 1.2 0.2
Crk 85-110 Weathered basalt with CaCO, nodules
R 110+ Hard basalt
Panjurni series
Ap 0-20 8.0 0.18 0.7 11.1 49.6 105.9 11.3 15.6 1.8 0.4
Bw 20-59 8.1 0.18 0.5 7.6 61.7 101.7 9.6 2.8 1.1 0.2
Bssl 59-98 8.1 0.17 0.4 5.9 63.6 97.5 9.2 1.7 1.0 0.2
Bss2 98-122 8.1 0.18 0.3 5.9 63.5 103.9 9.2 0.2 1.0 0.2
Bss3 122-150 7.8 0.13 0.2 5.5 66.5 101.6 8.9 2.9 0.9 0.2
Longadga series
Ap 0-20 7.9 0.18 0.7 5.9 52.2 105.7 9.0 10.0 0.9 0.2
Bwl 20-42 7.8 0.15 0.6 5.4 55.2 95.8 11.4 14.1 1.4 0.3
Bw2 42-66 8.1 0.16 0.6 5.6 57.8 95.1 11.2 12.0 1.4 0.2
Crk 66-95 Weathered basalt with CaCO, nodules
R 95+ Hard basalt
Wandhali series
Ap 0-20 8.2 0.14 0.9 7.7 56.5 88.0 15.9 19.9 2.7 0.3
Bwl 20-55 8.3 0.17 0.8 7.5 51.3 101.1 13.6 16.7 2.1 0.2
Bw2 55-98 8.6 0.32 0.7 6.6 52.2 98.3 13.1 10.9 2.0 0.2
Bw3 98-132 8.8 0.55 0.7 6.5 52.2 101.2 13.2 9.6 2.2 0.2
Bw4 132-150 9.0 0.45 0.5 19.1 36.2 112.2 12.6 10.9 1.3 0.2
Girsawli-3 series
Ap 0-19 8.3 0.19 0.9 4.7 53.0 99.0 18.3 20.6 3.3 0.4
Bwl 19-36 8.6 0.30 0.9 6.8 50.4 104.2 16.8 26.5 2.4 0.3
2C 36-51 8.7 0.38 0.5 19.2 43.0 93.0 18.6 23.4 1.4 0.2
3Bw2 51-89 9.1 0.56 0.7 19.3 49.0 92.0 12.0 6.6 0.6 0.2
3Bw3 89-120 8.8 1.03 0.8 17.1 53.3 93.9 12.4 5.5 1.3 0.2
3Bw4 120-150 9.1 1.30 0.5 18.1 53.9 93.7 10.2 4.3 0.4 0.2
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salinity threat at present. Organic carbon (OC) content
islow and varying from 0.2 to 1.2 per cent. The soils are
calcareous with high base saturation. The cation
exchange capacity (CEC) ranges from 43.0 to 63.6
cmol (p*)kg? soil.

AvailableMicronutrients

The DTPA extractable micronutrients (Fe, Mn, Cu
and Zn) of the soils (Table 4) indicates that DTPA-Fe
ranged from 9.0 to 22.0 mg kg in surface soils and found
to be higher than the critical level of 4.5 mg kg (Lindsay
and Norvell, 1978) in all the soils. Mn content varied from
8.61022.8 mgkg!in surface soilsagainst the critical level
of 3.0mg kg (Takkar et al. 1989). Thereisno deficiency
of copper inthe soils asit varied from 0.9 to 3.3 mg kg*
whichishigher thanthecritical value of 0.2 mg kg* (Katyal
and Randhawa, 1983). The available Zn varied from 0.2 to
0.4 mg kgtin surface soils. All the soils of the watershed
showed zinc deficiency against critical value of 0.6 mg
kg! (Sharmaet al., 1996). The micronutrients particularly
Zn needs to be supplemented along with the major
nutrients.

Land Capability and Land Irrigability

The soils are grouped under land capability sub-
classesllsand Illsand land irrigability sub-classes of 2Sand
3S(Table5andFig. 3).

Productivity and Suitability of Soilsfor Crops

The soils of different series evaluated for soils
productivity (Table 5 and Fig. 4) indicated that all the soils
except Kharwad - 1 aregood in productivity. These soilshave
moderate limitations of soil moisture, depth, organic matter
and soil texture/structure. The soilsof Kharwad-1 areaverage

Table 5. Evaluation of land under different physiographic units.
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with moderatelimitation of soil moisture, texture/structure and
marginal limitation of soil depth.

CONCLUSIONS

In the present study, the remote sensing data supported
by SOI toposheet and field survey was used to characterize
physiography, land use/land cover and soils.
Physiographically, the watershed was characterized into five
units namely subdued plateau, pediment, buried pediment,
aluvia plainandvalley fill. Mgor land use/land cover identified
in the watershed were cultivated land and wasteland with
scrub. Based on two season remote sensing data, 73.9 per
cent cultivated area was rainfed. Ten soils series were
tentatively identified. Soilsare deep to very deep except soils
of Kharwad-1 (shallow) and L ongadga (moderately shallow),

Physiography Sails Land Land Sail Soil suitability
capability irrigability productivity Cotton Pigeonpea Soybean

Subdued plateau Kharwad-1 s 3s Average 3 3 3
Girsawli-1 Ils 2s Good 2 2 2
Pediment Kharwad-2 Ils 2s Good 2 2 2
Girsawli-2 Ils 2s Good 2 2 2
Buried pediment Madheri Ils 2s Good Y Y 2
Kartangadi s 2s Good Y Y 2
Alluvia plain Panjurni s 2s Good Y Y 2
Longadga s 2s Good Y Y 2
Valley fill Wandhali IIs 2s Good Y Y 3
Girsawli-3 Ils 2s Good 2 2 3

S2 : Moderately suitable S3 : Marginally suitably
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clayey with shrink-swell potential and classified as Typic/
Vertic Haplustepts and Typic Haplusterts. Physiography-soil
units have good to moderately good cultivable lands (land
capability : lls-111s) and moderate to severe limitations for
sustained use under irrigation (land irrigability : 2s-3s).
Majority of land units (pediment, buried pediment and alluvia
plain) are moderately suitable for cotton and pigeonpea
cultivation. Soybean was found moderately suitable in soils
of subdued pleateau (Girsawli-1), pediment (Girsawli-2) buried
pediment and alluvial plain and marginally suitablein soilsof
subdued plateau (Kharwad-1), pediment (Kharwad-2) and
valley fills. Various soil and water conservation measuresviz.;
contour cultivation, vegetative barriers, nala bund and
management interventions like plantations, silvipasture and
agri-horticulture in different land units have been suggested
for sustainable devel opment.
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