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Abstract- In the present study and research work, soil-site
suitability evaluation was made for the Malwa plateau of
Banwara district in southern Rajasthan for chickpea (Cicer
arietinum L.). Ten typical pedons representing major landforms
of Malwa plateau in Banswara district, Rajasthan were evaluated
for their suitability to chickpea (Cicer arietinum L.) cultivation
using limitation method regarding number and intensity of
limitations. The study suggests that chickpea (Cicer arietinum
L.) is moderately suitable in soils of Pedon P8 but marginally
suitable in soils of Pedon P1, P2, P3, P4, and P5 whereas soils of
Pedon P6 and P10 are not suitable for chickpea (Cicer arietinum
L.) cultivation. Soil depth, wetness (drainage), erosion, texture
and organic carbon are the major limitations for crop growth in
the most of soils of Malwa plateau. The suitability classes can be
improved if the correctable limitations (soil fertility
characteristics) are altered through application of farm yard
manure, green manuring and inclusion of legumes rotation.

Index Terms- Chickpea, Limitations, Soil-site suitability,
Potential.

I. INTRODUCTION

Relatively scarcity of land resources for agriculture and
insufficient food security of world’s population require that
land be used in optimum way. Soil is recognized as one of the
most valuable natural resources on whose proper use depend the
life supporting systems and social and economic development.
Indiscriminate use of land resources, in general, leads to their
degradation and in-turn decline in productivity. They need to be
used according to their capacity to satisfy the needs of its
inhabitants. This can be achieved through proper investigations
of land resources and their scientific evaluation. Land suitability
evaluation is the process of determining the potential of land for
land use planning (Sys et al. 1991). In the different parts of India,
land suitability was evaluated for various crops such as cotton
(Sehgal 1991; Kharche and Gaikawad 1993; Mandal et al. 2002),
Mustard (Bera et al. 2005), Maize (Leelavathi et al. 2010),
Chickpea (Cicer arietinum L.) (Satyavathi and Reddy 2004),
wheat (Sharma and Sharma 1991; Baskar et al. 1996; Sharma
1999), sorghum (Pakhan et al. 2010) and rubber (Kharche et al.
1995). However, such information on soils of Banswara district
of Rajasthan is very scanty hence, In view of this, the present
study was undertaken to evaluate soil-site suitability for
chickpea.

Il. MATERIALS AND METHODS

The study area lies between 23°10' 26" to 23°31' 5" N
latitudes and 74° 20 34" to 74° 39 20" E longitudes
encompassing Malwa plateau area in southern part of Rajasthan
with attitude ranging from 140 to 425 m above mean sea level
(amsl). The average annual rainfall is 972 mm and the climate of
the area is semi- arid characterized by extremes of temperature
and low wind velocity. The mean annual temperature varies from
10.3°C to 42°C. The temperature regime of the area is
hyperthermic. The area comprises hills, undulating pediments,
undulating plain, alluvial plain with basalt as an igneous parent
rock. The soil moisture regime is “Ustic”.

Ten typical pedons representing major landforms of the area
viz., hill top, side slope, foot slope, undulating pediment,
moderately sloping pediment, gently sloping pediment and very
gently sloping alluvial plain were studied for their morphological
characteristics following the procedure outlined in Survey
Manual (Anonymous, 1995). Horizon-wise soil samples were
collected from the typifying pedons and analysed for their
physical, physico-chemical and chemical properties following
standard procedures. The soils were classified according to Key
to Soil Taxonomy (Anonymous, 1998) and these soils were
evaluated for their suitability using limitation method regarding
number and intensity of limitations (Sys et al. 1991).

The landscape and soil requirements for these crops were
matched with generated data at different limitation level: no (0),
slight (1), moderate (2), severe (3), very severe (4). The number
and degrees of limitations suggested the suitability class of pedon
for a particular crop (Sys et al. 1991). The potential land
suitability (Table 4) sub-classes were determined after
considering the improvement measures to correct these
limitations (Sys et al. 1991).

I1l. RESULTS AND DISCUSSION

The relevant soil characteristics are given in table 1 and table
2 and the site and weighted means of soil characteristics are
given in table 3. These soils are developed from basalt parent
material and alluvial deposits. The kind and degree of limitations
of the soils for the chickpea crop are presented in table 4. The
soils with no or only slight limitations were grouped under highly
suitable class (S1); the soils with more than four slight
limitations, and /or with more than three moderate limitations
under moderately suitability class (S2); the soil with more than
three moderate limitations, and/or one or more severe
limitations(s) under marginally suitable class (S3); the soils with
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very severe limitations which can be corrected under N1
(currently not suitable); the soil with very severe limitations
which can not be corrected were grouped under unsuitable class

N2 (Sys et al. 1991). This method also identifies the dominant
limitations that restrict the crop growth in the sub-class symbol
such as climatic (c), topographic (t), wetness (w), physical soil

Table 1: Morphological characteristics of soils

characteristics (s), soil fertility (f) and soil salinity/alkalinity (n).
The suitability classes and sub-classes were decided by the most
limiting soil characteristics (Table 4).

Gravel Consistence
Horizon Depth (cm) Boundary Colour (moist)  Texture volume Structure Roots
(%) W

Pedon-1: Clayey- skeletal, mixed hyperthermic Lithic Ustorthents

All 0-30 cs 10YR 2/2 gcl 50-60 mysbk h fr sp mc
Pedon-2: Clayey- skeletal, mixed hyperthermic Lithic Ustorthents

All 0-22 ds 10YR2/1 gc 40-50 m,sbk h fr sp mm

C1 22-45 cs 10YR 2/1 gc 70-80 massive h fr sp cc
Pedon-3: Clayey- skeletal, mixed hyperthermic VerticUstorthents

AP 0-17 ds 10YR 2/1 gc - mysbk h  fr sp Mm

C12 17-45 ds 10YR 2/1 gc - massive h fr sp Cc
Pedon-4: Clayey- skeletal, mixed hyperthermic Lithic Ustorthents

All 0-25 Ccs 5YR 3/3 gcl - fosbk h fr sp Ff
Pedon-5: Fine, smectite, hyperthermic Vertic Haplustepts

AP 0-21 ds 10YR 3/1 c 10-15 msabk h fi sp Ff

B21 21-40 cs 10YR 3/1 c 10-15 maabk h fi sp Ff

B31 40-60 cs 10YR 3/4 c 30-40 massive h fi sp Cc
Pedon-6: Clayey- skeletal, mixed hyperthermic Lithic Ustorthents

Al 0-20 cs 5YR 2.5/2 gcl 40-50 m,sbk h fr sp Mc
Pedon-7: Clayey, smectite, hyperthermic Lithic Ustorthents

AP 0-15 ds 10YR 2/1 c - m,shk h fr sp Ff

B21 15-30 cs 10YR2/1 c - m,sbk h fr sp Ff

BC 30-50 s 10YR3/3 gc - massive h fr sp Ff
Pedon-8: Fine, smectite, hyperthermic Typic Haplusterts

AP 0-23 ds 10YR 2/1 c - m,sbk h fr sp Mc

Al2 23-45 cs 10YR 2/1 c - m,sbk h fr sp Mc

Al3 45-68 ds 10YR 2/1 c - m,sbk h fr sp Mc

Al4 68-100 cs 10YR 2/1 c - m,sbk h fr sp Mc

Al5 100-130 ds 10YR 2/1 c - m,sbk h fr sp Mc
Pedon-9: Clayey- skeletal, mixed hyperthermic Lithic Ustorthents

AP 0-30 cs 10YR 2/1 gc 40-50 m,shk h fr sp Fc
Pedon-10: Clayey- skeletal, mixed hyperthermic Lithic Ustorthents

AP 0-20 Ccs 5YR 3/3 gcl 30-40 m,sbk h fr sp Mm
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Boundary: c- clear, d- diffuse s- smooth, Texture: c- clay, I- loam, g- gravelly, Structure: m- medium, f- fine, 2- moderate, sbk-
subangular blocky, Consistence: h- hard, fr- friable, fi- firm, s- sticky, p- plastic, Roots: mc- medium common, ff- fine few, cc- coarse
common, fc- fine common.

Table 2 Physico-chemical characteristics of soils.

Depth Sand Silt Clay CaCO; CEC BS Sum of pH EC oC ESP
Ccm) % ) (%) Ecrj;ol (%) ((:atiors 1:2) (dsm-Y) (gkg?)
P cmo :
kg™) ")
kg™

P1 (Chota Dungra) Clayey- skeletal, mixed hyperthermic Lithic Ustorthents

0-30 4128 2219 36.53 12.00 2240 92.67 20.76 6.4 0.24 12.3 2.14
P2 (Chota Dungra) Clayey- skeletal, mixed hyperthermic Lithic Ustorthents

0-22 3593 23.09 4098 13.00 27.90 96.20 26.84 6.4 0.37 115 2.25

22-45 3495 21.76 4329 1520 2820 97.44  27.48 6.5 0.25 9.2 1.80
Pedon-3 (Chota Dungra) Clayey- skeletal, mixed hyperthermic VerticUstorthents

0-17 30.21 2258 4724 1330 33.60 96.13 32.30 6.5 0.39 10.2 2.17
17-45 29.12 26.86 44.02 1650 3230 94.55 30.54 6.6 0.37 9.1 2.10
Pedon-4 (Napla) Clayey- skeletal, mixed hyperthermic Lithic Ustorthents

0-25 37.27 2762 3512 15.00 2050 93.90 19.25 6.7 0.28 5.5 1.07
Pedon-5 (Daldi) Fine, smectite, hyperthermic Vertic Haplustepts

021 19.80 30.35 49.85 2180 3170 9794  31.05 6.4 0.60 8.2 2.74

21-40 2214 26.76 5110 3500 3450 98.31 33.92 6.6 0.60 7.5 1.85
40-60 22.73 2731 49.96 5340 3090 94.04 29.06 6.9 0.49 5.2 3.07

Pedon-6 (Khajuran) Clayey- skeletal, mixed hyperthermic Lithic Ustorthents
0-20 3634 2539 3827 1870 2410 95.76 23.08 6.5 0.41 13.6 3.60

Pedon-7 (Khandu) Clayey, smectite, hyperthermic Lithic Ustorthents
0-15 2280 27.93 4927 2420 3140 9933 3119 6.9 0.42 6.1 2.10

15-30 20.18 27.32 5250 2760 3510 9541 33.49 6.9 0.43 5.8 2.79

30-50 24.42 2247 5410 4550 29.60 89.45  26.48 7.2 0.45 5.2 1.92
Pedon-8 (Chimsarwan) Fine, smectite, hyperthermic Typic Haplusterts

0-23 1641 29.13 54.46 1930 3450 98.14 33.86 6.7 0.53 9.4 2.28
23-45 1249 3531 5220 2450 3110 9598 29.85 6.6 0.52 8.4 3.02
45-68 1428 2998 5574 31.50 3530 96.45 34.05 6.9 0.45 7.6 3.11
68-100 14.68 23.15 6217 3580 38.10 99.31 38.04 7.1 0.42 7.9 2.57

100-130 19.23 2357 57.20 4020 33.70  92.40 3114 7.3 0.36 7.8 2.19
Pedon-9 (Dungripada) Clayey- skeletal, mixed hyperthermic Lithic Ustorthents

www ijsrp.org



International Journal of Scientific and Research Publications, Volume 2, Issue 9, September 2012

ISSN 2250-3153

0-30 2389 2177 5434 2950 3390 9557 3240 7.1 0.46 9.9 2.18
Pedon-10 (Kotra) Clayey- skeletal, mixed hyperthermic Lithic Ustorthents
0-20 3272 2706 3982 2240 2410 9195 2216 6.9 0.37 8.5 2.48
Table 3 Soil-site and weighted means of soil characteristics of selected pedons
Pedo Landform  Wetness (w) Soil CaCO; CEC BS pH ocC EC (dSm~ ESP
n Drainage  depth (g kg™) (cmol (%)  (1:2) (9 kg™ D)
(cm) )
kg™?)
P1  Hilltop Some what 30 120 2240 96.67 640 123 024 2.14
excessive
P2 Side slope Some what 45 1412 2805 9682 645 103 0.31 2.02
excessive
P3  Footslope Some what 45 1529 3279 9534 656 95 0.38 2.13
excessive
P4 Undulating Some what 52 150 2050 9390 670 55 0.28 1.07
pediment excessive
P5  Moderately el 60 3651 3232 96.76 663 7.0 0.56 2.57
sloping drainage
pediment
P6  Gently Some what 20 1870 2410 9576 50 136 0.41 3.60
sloping excessive
pediment
P7  Gently Well 50 3374 3179 9473 702 56 0.43 2.23
sloping drainage
pediment
P8  Gently Well 130 3122 3476 9645 695 81 0.45 2.60
sloping drainage
pediment
P9 Verygently el 30 2950 3390 9557 710 99 0.46 2.18
sloping drainage
alluvial plain
P10 Verygently  some what 20 2240 2410 9195 690 85 0.37 2.48
sloping excessive
alluvial plain

The studied soils vary in their suitability for chickpea
according to the criteria for the determination of the land
suitability classes. Pedon P1 and P2 which are grouped under
Lithic Ustorthents are marginally suitable for chickpea. The
major limitations are wetness (drainage), physical soil
characteristics viz., coarse fragments and soil depth and soil
fertility characteristics like pH and organic carbon. Pedon P3
which is grouped under Vertic Ustorthents is marginally suitable
for chickpea cultivation. These soils showed limitations of
wetness (drainage), physical soil characteristics (soil depth) and
soil fertility characteristics (pH and organic carbon). Pedon P4 ,
which is grouped Lithic Ustorthents is also marginally suitable
due to limitations of wetness (drainage), soil depth and organic
carbon.

The major limitation of chickpea cultivation in Vertic
Haplustepts (pedon 5) is organic carbon, which can be upgraded

by applying organic manures. Pedon P6, which is grouped under
Lithic Ustorthents is not suitable for chickpea due to very severe
limitation of shallow soil depth. Pedon P7 is marginally suitable,
which is grouped under Lithic Ustorthents. Shallow depth and
low organic carbon are the major limitations. The improvement
measures such as application of organic manures, green
manuring are necessary to enrich and maintain organic matter
content in these soils. Pedon P8, which is grouped under Typic
Haplusterts is moderately suitable for chickpea. Organic carbon
is a major limiting factor and so, the organic carbon status in
soils can be improved by the application of farmyard manure,
green manuring and inclusion of legumes in rotation. Therefore,
these soils can be upgraded in highly suitable class by
management of soil fertility. Pedon P9, which grouped under
Lithic Ustorthents is marginally suitable for chickpea and it
suffers from the constraints like coarse fragments, soil depth and

www ijsrp.org



International Journal of Scientific and Research Publications, Volume 2, Issue 9, September 2012 5

ISSN 2250-3153

organic carbon. The study further indicates that pedon P10 is not
suitable for chickpea cultivation. The shallow depth, coarse

fragments, wetness (drainage) and low organic carbon are the
major limiting factors.

Table 4 Limitation levels of the land characteristics and land suitability classes for chickpea

Ped Wetness Physical soil Soil fertility characteristics Salinity/ "
(w) characteristics ()] Alkalinity & >
on . = £
Drainage (s) (n) 8 =
2 3
L - =
& = ~ = @
£ E & & 2 2
o ~ X —_— —~ © 15}
7 = ~ 8 D Z 8 g
S g & ¢ 2 g 3 38 E =8
£ Sz z 9804 Tog B £ 28
~ 02 & O 02 m = O w W < g3
P1 3 0 3 3 0 0 0 1 1 0 0 S3sfw S3s,w
P2 3 0 3 3 0 0 0 1 1 0 S3sfw S3s,w
P3 3 0 0 3 0 0 0 1 2 0 0 S3sfw S3s,w
P4 3 0 0 2 0 0 0 0 3 0 0 S3sfw S3s,w
P5 0 0 1 2 0 0 0 0 3 0 0 S3sf S2s
P6 3 0 3 4 0 0 0 1 1 0 0 N2sfw -
P7 0 0 0 3 0 0 0 0 3 0 0 S3sf S2s
P8 0 0 0 0 0 0 0 0o 2 0 0 Ss2f S1
P9 0 0 3 3 0 0 0 0 2 0 0 S3sf S3s
P10 3 0 2 4 0 0 0 0o 2 0 0 N2sfw -

Limitations: 0-no slight; 1- slight; 2- moderate; 3- severe; 4- very severe, Suitability subclass: f- soil fertility limitations; s- physical
soil limitations; w- wetness limitations; n- salinity (and/or alkalinity) limitations.

The pedons P1, P2, P3, P4 and P5 are marginally suitable
for chickpea and pedon P8 is moderately suitable whereas the
pedons P6 and P10 are not suitable for chickpea cultivation.
Satyavathi and Suryanarayan Reddy (2004) also reported that the
soils of Telangana region of Andhra Pradesh are marginally to
moderately suitable or not suitable for chickpea crop. Shallow
depth in Lithic Ustorthents (pedon P6 and P10) and low organic
matter in all the soils are the important limitations. These finding
are corroborated with finding of Satyavathi and Suryanarayan
Reddy (2004) who indicated that the shallow soil depth, coarse
fragment, wetness (drainage) and organic carbon are the major
limitation for chickpea in the Telangana region of Andhra
Pradesh. The improvement measures such as application of
organic manures, green manuring and crop rotation are necessary
to enrich and maintain organic matter content in these soils.

IV. CONCLUSIONS

The study reveals that the data collected during the soil
resource surveys are useful to workout suitability of different soil
units for specific crops or specific land use by comparing the
requirements of the desired land use with the existing land
qualities. The basic information in this study can effectively be
used as input for soil, fertilizer and land use management that
help in suggesting suitable soil and crop management and land
use decision option to the farmers.

ACKNOWLEDGMENT

The authors are greatly thankful to the provided facilities to
conducted soil survey by National Bureau of Soil Survey and
Land Use Planning, Regional Center, Udaipur for the completion
of research work. The authors are also gratefully acknowledging
the help rendered by technical staff of National Beauro of Soil

www ijsrp.org



International Journal of Scientific and Research Publications, Volume 2, Issue 9, September 2012 6
ISSN 2250-3153

Survey and Land Uuse Planning, Regional Center, Udaipur [11] Sehgal JL (1991). Soil-site suitability evaluation for cotton. Agropedology.
1:49 - 63.

during the time of soil sample collection analysis for this study. S o
[12] Sharma KR, Sharma PK (1991). Soil-site suitability for wheat in different

Agro- climatic Regions of Punjab. Agropedology. 1: 65 - 73
[13] Sharma RC (1999). Soil suitability of reclaimed salt affected soils for

REFERENCES wheat. Agropedology. 9: 59 - 62.
[1] Anonymous (1995). Soil Survey Manual, Agric. Handb., U.S.Dept. Agric. [14] Sys IC, Vanranst B, Debaveye J (1991). Land evaluation part I, Methods in
18. Indian print, scientific publishers, Jodhpur. 437P. land evaluation Agric. Pub. General administration for development co-
[21 Anonymous (1998). Key to Soil Taxonomy, 8th edition, USDA National operation, place, du, camp de Mars, Sbte. 57 - 1050, Brussels, Belgium.

Resource Conservation Service. 328 P.

[3] Bera R, Seal A, Mukherjee K, Dolui AK (2005). Characterization of
tropical soils in the fringe of Chhotanagpur Plateau in Eastern India for land
use planning. Nig. J. Soil Res. 6: 50 - 57. AUTHORS

[4] Bhaskar KS, Gaikawad ST, Anantha Rao D (1996). Soil site suitability ~ First Author — Dr. R.H. Meena, Assistant Professor, Department
evaluation for wheat : A case study. Agropedology. 6(1): 89 - 94. of Agricultural Chemistry and Soil Science, Maharana Pratap
[5] Kharche VK, Gaikawad ST (1993). An appraisal of production potential of  University of Agriculture and Technology (MPUAT), Udaipur

soils of Saongi watershed near Nagpur, Maharashtra. Agropedology. 3: 69 - ; : . : :
2 9 gp gropedology (Rajasthan), 313 001, India. Email: ramharim@gmail.com

6] Kharche VK, Sehgal JL, Challa O (1995). Evaluation of soil-site conditions L. . .. .
% for suitability of ,gbber, Agropedoégy. 5); 69 - 78. Second Author — Dr. J.D. Giri, Senior Scientist, Natinal Bureau

[7] Leelavathi GP, Naidu MVS (2010). Soil-site suitability evaluation for ~ Of Soil Survey and Land Use Planning (NBSS & LUP), Regional
commonly growing crops in Yerpedu mandal of Chittoor district, Andhra  Center, Udaipur (Rajasthan), 313 001, India. Email:
Pradesh. Agropedology. 2: 133 - 138. jdgiri2001@yahoo.com

[8] Mandal DK, Kandare NC, Mandal C, Challa O (2002). Assessment of

quantitative land evaluation methods and suitability mapping for cotton . .
growing soils of Nagpur district. J. Indian Soc. Soil Sci. 50(1): 74 - 80. Third Author — Dr. S.K. Sharma, Associate Professor,

[9] Pakhan Atul D, Chatterji S, Sen TK, Venugopalan MV, Patil S, Challa O Department of Ag”C_UItur?I Chemls_try and Soil Science,
(2010). Use of Different Techniques in Evaluation of Suitability of Shrink-  Maharana Pratap University of Agriculture and Technology
Swell Soils of Nagpur District, Maharashtra for Rainfed Sorghum. J. Indian ~ (MPUAT), Udaipur (Rajasthan), 313 001, India. Email:

[10] Satyavathi PLA, Suryanarayan Reddy M (2004). Soil-site suitability for six
major crops in Telangana Region of Andhra Pradesh. J. Indian Soc. Soil
Sci. 52 (3): 220 - 225.

www ijsrp.org



