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Spatial Variability of Available Soil Nutrients in the
Shekhawati Region of Thar Desert, India
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Based on soil samples collected from 814 geo-coded sites in the rainfed croplands, irrigated croplands,
rangelands and protected forests within the Shekhawati region of Thar Desert, Rajasthan, India, a spatial
analysis of the distribution pattern of organic carbon (OC) and macronutrients i.e., available phosphorus (P)
and available potassium (K) and micronutrients viz., DTPA extractable zinc (Zn), copper (Cu), iron (Fe)
and manganese (Mn) was carried out in GIS environment. It revealed that OC is deficient almost throughout
the region, while P is deficient in large parts of the dune-covered west. Among others, K, Cu and Mn are
adequately supplied in most areas, but Zn and Fe are inadequate in large parts. Irrigated croplands are
better endowed than other land uses in respect of OC, P, Zn and Cu; forests in respect of K and Fe, and
rainfed croplands in respect of Mn. The distribution pattern of the organic C and nutrients appears to be
controlled by both natural and anthropogenic processes. Among the natural processes, fluvial processes
appear to control the distribution in the hills and plains in the wetter east, while aeolian processes appear to
control the distribution in the drier dune-covered west. Anthropogenic processes, especially through land
use decisions and fertilizers input in irrigated tracts, have also influenced the sufficiency or otherwise of
the soil nutrients.
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Intensive agriculture using irrigation water, fertilizers
and pesticides, is known to cause changes in physical,
chemical and biological properties of the soils (Lal
1995; Pandey et al. 2010), which require proper
monitoring and understanding for appropriate
interventions to maintain land productivity. Limited
studies are available so far on the changes in soil
nutrient status over time in the drylands in general,
and arid regions in particular where the sandy soils
mostly suffer from several nutrient deficiencies. It has
been documented (Wani 2008) that dryland soils are
not only thirsty but also hungry. In order to maintain
and enhance the productivity of land, one needs to
take-up not only proper soil and water management
activities, but also appropriate knowledge-based soil
nutrient management. For example, some studies in
the arid Iran showed that appropriate use of fertilizers,
water, crop residue and manuring in intensively
cultivated areas increased organic carbon (OC), total
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nitrogen (N), carbohydrate and particulate organic C
(POC) in the soil (Fallahzade and Hajabbasi 2012),
while in arid Jordan such practices increased the
contents of N, phosphorus (P) and potassium (K) in
the soil (Al-Zubi 2007). Imbalanced use of fertilizers
without prior knowledge of soil fertility status might,
on the other hand, adversely impact the soil health
and crop production.
There is a need for systematic stock-taking of
the soil fertility status at field level and at specified
time intervals, so that the effects of water, fertilizer
and pesticide uses on the soil nutrient reserves and
crops grown could be properly assessed for any
remedial measure. An understanding of the changes
becomes easier when data on all the relevant variables
is collected and analyzed at large spatio-temporal
scales, geo-coded and mapped properly. Such
mapping of spatial distribution of available soil
nutrients not only serves the purpose of benchmarking
but also enables grouping of the soils into
homogenous units for better fertilizer management.
This may also help in avoidance of excessive and
imbalanced application of fertilizers.
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Indeed, periodical characterization of soil
fertility and mapping of the spatial distribution of
available soil nutrient status are important for
location-specific crop management and sustainable
agriculture, as well as for precision farming, but such
geo-coded data is not available for in-depth studies.
While at field level a farmer may be interested to
have the time-series information to plan for the crops
to be grown and kind of fertilizer to be procured, at a
district and state level a technocrat may need the timeseries data from same sites to decide about the critical
areas requiring different kinds of fertilizers.
In the arid sandy tract of western Rajasthan, the
soils are usually deficient in several macro- and
micronutrients, and there is large spatial variability in
the plant-available nutrient content of the soils (Gupta
et al. 2000; Praveen-Kumar et al. 2009; Mahesh
Kumar et al. 2011a). Also, the soils of the region do
not receive adequate nutrient replenishment through
flood, etc. as the region is devoid of any major
perennial stream, and the rainfall is low.
Consequently, productivity of the soils in arid region
is also relatively low. Since the 1970s, however,
especially after groundwater exploration encouraged
the spread of energized wells gradually from the
eastern margin of the desert along the Aravalli hill
ranges to the central and western parts. These
developments turned many erstwhile rainfed croplands
into double-cropped lands, and also expanded the
irrigated croplands into open rangelands and otherwise
non-agricultural lands. Therefore, it would have been
interesting to know how such intensive irrigated
agriculture practices have influenced the soil fertility
status of the region.
Considering the need for such data towards
proper assessment of the soil health over time, a
systematic mapping of the desert’s soil fertility status
under major land uses was undertaken with special
reference to Shekhawati region. This study provides
an account of the spatial variability in OC and
available soil nutrients (P, K, Fe, Mn, Zn and Cu) in
Shekhawati region, and the overall status of soil
fertility under different land uses i.e. irrigated
croplands, rainfed croplands, rangelands and forest.
Materials and Methods
Study area
Shekhawati region (27,527 km2) includes the
districts of Jhunjhunu, Sikar and Churu (Fig. 1) in
Rajasthan state of India, where the soils representing
mainly of the orders Aridisols and Entisols belong to

[Vol. 67

Fig. 1. Study area with soil sampling locations in Shekhawati
region

the great groups Typic Haplocambids, Typic
Torripsament, Typic Haplocalcids and Typic
Torrifluvents. At most places the soils are deep to
very deep, with texture ranging from fine sand to
sandy loam and silty loam, but the areas within the
hilly tract in the east are dominated by gravely
sediments and loam (Fig. 2). The soils are excessively
drained (Mahesh Kumar et al. 2009a; Kar and
Moharana 2012). The major landforms in the region
are hills (2.9% of TGA) and colluvial plains (3.5% of
TGA) in the Aravalli tract in the east; sandy alluvial
plains (19.3% of TGA) in the eastern half, especially
along the major ephemeral streams like the Kantli,
the Dohan, etc.; sand dune–interdune plains (71.7%
of TGA) in the western part; and a few saline ranns
(0.2% of TGA) (playas), especially at Sujangarh, Tal
Chhapar, Parihara, etc. (Fig. 3). The dominant land
uses are the irrigated croplands (21.9% of TGA) in
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Fig. 2. Soil texture in Shekhawati region

Fig. 3. Major landforms and land uses in Shekhawati region

the eastern part, which depend on groundwater,
rainfed croplands (53.3% of TGA) in the west,
permanent pastures and other long fallow lands, which
together constitute the rangelands (3.88% of TGA),
and the protected forests (4.27% of TGA) (Fig. 3).
The mean annual rainfall in the region varies from
~450 mm in the east to ~350 mm in the west, almost
90% of which is received during the summer monsoon
months of June to September. May and June are very
hot when temperature often rises to 50 °C, while
December and January are very cold when sub-zero
temperature is not uncommon.
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Soil sampling and laboratory analysis
Soil samples (0-15 cm) were collected from 814
sites that were carefully selected under four dominant
land uses, i.e. irrigated cropland, rainfed cropland,
rangeland and forest (Fig. 1). Location of the sampling
sites was recorded with the help of a hand-held global
positioning system (GPS). In the laboratory the
samples were air-dried and sieved with a 2-mm screen,
and subjected to physical and chemical analyses
following standard analytical procedures. The soil
reaction (pH of 1:2, soil: water suspensions) was
determined by pH meter (Jackson 1973). Electrical
conductivity (EC) of soil extract was determined using
conductivity bridge (Richards 1954). Organic carbon
was determined by rapid titration method (Walkley
and Black 1934). Available P was extracted with 0.5M
NaHCO3 solution (8.5 pH) and P in the extract was
estimated colorimetrically (Olsen et al. 1954).
Available K was determined by extraction of soil with
neutral normal ammonium acetate (pH 7.0 in 1:5, soil:
solution ratio) and available K content was estimated
with the help of flame photometer (Pratt 1982).
Available Fe, Mn, Zn and Cu in the soil were
extracted with DTPA reagent (Lindsay and Norvell
1978) and were determined with the help of atomic
absorption spectrophotometer (GBC-932A). Other soil
physicochemical properties such as soil texture, water
holding capacity (WHC) and CaCO3 were determined
following standard methods as described by Piper
(1966). Soil textural analysis was carried out by
international pipette method (Piper 1966) using
sodium-hexameta-phosphate as a dispersing agent.
The textural class was determined using the USDA
textural triangle. The cation exchange capacity (CEC)
was determined by saturation of soils with 1N sodium
acetate (pH 8.2), and removal of the excess sodium
acetate by washing with ethanol till the supernatant
gave an EC of 0.040 - 0.055 dS m-1. The absorbed
sodium was then replaced by ammonium following
equilibration with ammonium acetate (pH 7.0)
solution and the sodium concentration in the leachate
was determined by flame photometer.
Basic statistics (i.e. arithmetic and harmonic
mean, median and standard deviation, SD) on all the
above physicochemical parameters and soil nutrients
were generated for the region as a whole and for the
four major land uses. Since standard deviation in the
values of nutrients was found to be large, harmonic
mean (i.e. 2xy/(x+y)) was calculated along with
arithmetic mean, which better represented the centroid
of the data. To quantify the level of deficiency or
sufficiency of soil micronutrients, the analyzed soil
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Table 1. Limits used for assessing sufficiency of organic carbon, macro- and micronutrients in soils
Org C/Macronutrients

OC (g kg-1)

P (kg ha-1)

K (kg ha-1)

Very low
Low
Medium
High

0.10-2.0
0.21-5.0
5.1-7.5
>7.5

0.01-5.00
5.01-10.00
10.01-25.0
>25.00

<60.00
60.01-120.00
120.01-280.00
>280.00

Micronutrients (mg kg-1)
Very low
Low
Marginal
Adequate
Moderately high
High

Zn
0.01-0.30
0.31-0.60
0.61-1.20
1.21-1.80
1.81-2.40
>2.40

Fe
0.01-2.50
2.51-4.50
4.51-9.00
9.01-18.0
18.01-27.00
>27.00

nutrient data were classified into levels of availability
of ‘very low’ to ‘high’, based on the classifications
suggested by Singh (2008). Considering the very low
status of macronutrients in the arid sandy soils, the
existing standard classification followed by the
majority of soil testing laboratories in India (Dwivedi
2014) was slightly modified to rate the contents of
OC, available P and K into ‘very low’, ‘low’,
‘medium’ and ‘high’. The limits used for the study
are provided in table 1.
Mapping
Maps on the major landforms and land uses were
generalised from an existing spatial database on
western Rajasthan at CAZRI, Jodhpur. For mapping
the soil nutrients, all the analyzed data from sample
sites were first fed into GIS as point-based, geo-coded
data through table management. Site information on
land use and landforms were also tagged. The data on
macro and micronutrients were then processed through
Inverse Distance Weighting (IDW) method, and
classified into homogenous groups of availability
status, as per the classification in table 1. The derived
vector maps showed the relevant soil nutrients in
bands of contours. Based on the level of adequacy of
each nutrient for plants, the units in the individual
vector maps were then aggregated into categories of
deficient and sufficient. Draping of these nutrient
maps on the rasterized land use and landform maps
helped us to understand the context of the patterns of
nutrient variability. In the next step, we clubbed the
deficient categories and the sufficient categories in
each nutrient map into either a deficient unit (1), or a
sufficient unit (2), and rasterized their boundaries. The
three maps on the macronutrients and the four maps
on the micronutrients were then stacked separately
and subjected to cross-tabulation analysis. The derived
cross-classification image-maps showed the spatial

Cu
0.01-0.10
0.11-0.20
0.21-.40
0.41-0.80
0.81-1.20
>1.20

Mn
0.01-1.00
1.01-2.00
2.01-4.00
4.01-8.00
8.01-16.00
>16.00

pattern of multi-nutrient deficiency/sufficiency status
in terms of the macronutrients and the micronutrients,
where the status of each component nutrient within a
matrix was also reflected.
Results and Discussion
Physicochemical characteristics of soils
The soils of the region being dominantly sandy,
the sand content in the soils varies generally from 50
to 95%. The clay and silt contents vary from 3 to
21% and 1 to 30%, respectively, the higher amounts
being recorded in the alluvial plains and the saline
ranns, while the lower amounts were found in the
sand dunes. The soils are neutral to strongly alkaline
(pH 7.26 - 9.82). Since the groundwater for irrigation
in the region is brackish to saline-alkaline, often with
high residual sodium bicarbonate (RSC) content,
continuous irrigation with such water may have
accentuated the soil pH to some extent, as attested by
the higher soil pH under irrigated condition, as
compared to those under rainfed croplands and
rangelands. The EC varies from 0.02 to 4.20 dS m-1,
which is normal to slightly saline as per limits
suggested by Muhr et al. (1963). About 96% of the
sampled soils have CaCO3 content of <5%, making
them non-calcareous as per FAO (1973). The
remaining 4% soils have CaCO3 content of 5-15%.
The WHC of the soils is higher in the irrigated
croplands than in the rainfed croplands. Table 2
provides a summary of the major physicochemical
characteristics of the soils in the four major land uses.
Distribution of Organic C and macronutrients
Organic carbon: The soil OC which is an index
of available N, ranges from 0.2 to 6.8 g kg-1, which is
low to medium, with a pooled mean of 1.4 g kg-1, and
harmonic mean of 1.1 g kg-1. Majority of the soils
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Table 2. Important physicochemical characteristics of soils in Shekhawati region
Soil Properties
pH (1:2)
EC (dS m-1)
OC (g kg-1)
Sand (%)
Silt (%)
Clay (%)
CaCO3 (%)
CEC [cmol(p+)kg-1]
WHC (%)

Range
7.26-9.82
0.02-4.20
0.2-6.8
50.0-94.6
1.30-30.3
2.80-20.7
0.00-13.7
1.90-21.5
17.1-49.8

Mean

SD

a*

b

c

d

a

b

c

d

8.81
0.20
1.6
77.1
11.9
10.9
2.16
9.86
31.0

8.56
0.12
1.3
88.9
4.72
6.38
0.99
3.58
23.3

8.53
0.11
1.4
93.7
2.30
3.73
2.90
2.13
20.9

8.31
0.60
1.4
87.90
4.68
7.47
3.10
4.38
22.50

0.35
0.16
0.8
14.7
9.24
5.64
2.89
6.59
8.95

0.28
0.03
0.6
1.52
0.82
1.21
1.63
1.00
3.19

0.40
0.03
1.0
0.29
0.40
0.81
3.57
0.23
3.23

2.24
1.56
1.0
1.25
2.97
3.33
2.89
1.47
1.47

*a: Irrigated cropland; b: Rainfed cropland; c: Rangeland; d: Forest

have very low status of OC, especially due to high
temperature, low rainfall, scanty scrub vegetation, and
sandy texture of the soils, which favour high oxidation
(Meena et al. 2006; Singh et al. 2007; Mahesh Kumar
et al. 2011a). Tillage operation during summer and
very little addition of organic matter annually could
also be the responsible factors. Similar results were

reported earlier from the rainfed croplands in sandy
soils of Churu and Jaisalmer districts (Sharma et al.
2006; Mahesh Kumar et al. 2011b). The mean
contents in the region are the lowest in the rainfed
croplands, followed by the rangelands, forests and
irrigated croplands (Table 3). Overall, 99.9% area
contains low to very low OC content (Table 4). The

Table 3. Some basic statistics of soil nutrients under four land uses in Shekhawati region
Parameter

OC
(g kg-1)

Macronutrients
P
K
(kg ha-1)
(kg ha-1)

Maximum
Minimum
Arithmatic mean
Harmonic mean
Median
SD

6.8
0.2
1.6
1.2
1.5
0.8

72.6
2.25
16.2
9.83
12.6
11.8

Maximum
Minimum
Arithmatic mean
Harmonic mean
Median
SD

4.3
0.2
1.3
1.0
1.2
0.6

62.7
2.35
12.2
7.54
8.70
0.88

Maximum
Minimum
Arithmatic mean
Harmonic mean
Median
SD

5.7
0.2
1.4
1.0
1.2
1.0

54.9
2.35
13.3
8.10
10.1
9.93

Maximum
Minimum
Arithmatic mean
Harmonic mean
Median
SD

4.4
0.2
1.4
0.8
1.2
1.0

42.3
3.12
14.0
7.16
9.02
12.8

Zn
(mg kg-1)

Irrigated cropland (n = 263)
731
4.74
67.5
0.18
186
1.03
150
0.70
157
0.86
114
0.77
Rainfed cropland (n = 389)
724
4.74
67.5
0.10
197
0.84
158
0.58
161
0.70
119
0.65
Rangeland (n = 140)
724
4.60
67.5
0.10
214
0.81
166
0.49
180
0.64
139
0.68
Forest (n = 22)
727
2.42
101
0.20
255
0.73
187
0.43
188
0.52
158
0.58

Micronutrients
Cu
Mn
(mg kg-1)
(mg kg-1)

Fe
(mg kg-1)

4.86
0.14
0.95
0.59
0.74
0.77

40.5
2.46
10.75
8.18
8.92
6.77

30.4
2.24
7.67
6.48
7.12
3.45

4.80
0.12
0.77
0.54
0.66
0.50

40.7
2.32
11.17
8.92
9.50
5.53

31.2
1.87
7.64
6.22
7.46
3.60

5.20
0.12
0.75
0.48
0.61
0.64

37.4
2.36
9.31
7.03
7.95
5.43

32.7
1.94
8.99
7.01
8.12
5.05

4.80
0.20
0.88
0.56
0.67
0.96

19.5
4.78
9.05
7.80
8.42
4.02

12.2
2.80
7.14
5.85
7.26
2.90
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Table 4. Area under different sufficiency levels of soil organic C and macronutrients (% of total geographical
area)
OC/Macronutrients
OC (g kg-1)
P (kg ha-1)
K (kg ha-1)

Very low

Low

Medium

High

91.3
2.83
—

8.7
41.2
10.0

0.02
51.3
82.9

—
4.6
7.1

large difference between the arithmetic and the
harmonic mean values in the forests are the results of
large landscape conditional variability in this land use.
While most of the forests in the Aravalli tract in the
east have poor gravelly sediments, many in the sandy
landscape in the west have poor stands of trees and
shrubs. The better status in rangelands over the rainfed
croplands is due to slightly higher plant cover
(especially the small shrubs) round the year in the
former, which favour more leaf litter fall and its
subsequent decomposition under natural condition
than in the rainfed soils (Singh et al. 2009). The
higher OC content in irrigated croplands is due to
higher crop cover and crop residue addition, as well
as application of organic matter through external
sources (e.g. FYM and compost). The land in the
downstream end of the Kantli river is also found to
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have a distinctly high content of OC, which possibly
relates to the spreading of silt and clay rich alluvium
by the Kantli river (Fig. 4).
Available phosphorus: The available P in the
soils shows wide variability (2.25-72.60 kg ha -1),
which was reflected in the difference between
arithmetic (13.72 kg ha-1) and harmonic (8.25 kg ha-1)
mean values. As the harmonic mean across the land
uses suggests, in general the quantity is low to
medium (Table 3). While 44% area has low to very
low P, 51% area has medium content (Table 4). The
situation broadly matches that for western Rajasthan
as a whole, where Gupta et al. (2000) reported the
mean content in different soils as <20 kg P2O5 ha-1.
Spatially, the status is poorer in the dune-interdune
areas, especially covering the rainfed croplands and
rangelands. The situation is much better in the
irrigated croplands, where the high values are
especially obtained in the alluvial plains of SikarSujangarh-Lachhmangarh area in the southeast, and
in the Mandela-Sankhu-Chandgoti area along the
downstream end of the Kantli river (Fig. 4). This
higher amount may be partly due to the inheritance
from parent materials, but also due to the effects of
continuous application of phosphate fertilizers for the
past 2-3 decades (Singh et al. 2007). These irrigated

Fig. 4. Distribution pattern of organic C and macronutrients in soils of Shekhawati region
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soils are cultivated in both rabi and kharif seasons,
and receive high doses of fertilizers (urea and DAP)
and organic manures. There are many examples
globally of increase in available P due to continuous
cultivation (Kenney et al. 2002). Tsunekawa et al.
(1997) reported from a study near Jodhpur in central
Thar that the small P reserve in the soil dwindled
faster in the rainfed croplands that were subjected to
continuous cultivation, while the lands under a fallow
system had a better reserve, as also the rangelands,
due to higher plant root density.
Available potassium: The available K ranges
from 67.5 to 731.3 kg ha-1, and the overall status
suggested by the mean values could be considered as
medium. About 83% area has K content in medium
range, while 7% has high content and the remaining
10% low (Table 4). Spatially, notable large areas
under high concentration could be found in the
Rajgarh-Bairasar area in the north, and BidasarSujangarh-Lohasal area in the southeast (Fig. 4).
Contrary to the situation of P, the mean status of K is
the lowest in the irrigated croplands, followed by
rainfed croplands, the rangelands and the forests
(Table 3). This is mainly due to continuous cultivation
of the soils for climatically adapted crops like pearl
millet, guar, mung bean, moth bean, castor, wheat,
barley, mustard and occasionally cotton, but without
any replenishment of K to the soils. Consequently the
stored K has got gradually depleted. Generally,
farmers of the region apply nitrogenous and phosphate
fertilizers like urea, DAP, single superphosphate
(SSP), and zinc sulphate to some extent. The higher
content of K in grazing lands may be due to the root
activities of existing vegetation for transporting K to
the surface and also through addition of organic matter
under natural condition (Kumar et al. 2006). The
plundering of macronutrients through continuous
cultivation has been reported from elsewhere in the
desert also.
Distribution of DTPA-extractable micronutrients
Zinc: The DTPA-extractable Zn in the soils of
Shekhawati region ranges from 0.10 to 4.74 mg kg-1,
with a harmonic mean of 0.59 mg kg-1 (arithmetic
mean 0.89 mg kg-1), which is low. Relatively higher
mean contents occur in the irrigated croplands,
followed by the rainfed croplands, the rangelands and
the forests (Table 3). The better-endowed areas are
found to occur in: (1) a N-S running belt to the east
of the Kantli river, covering a topo-sequence from the
hills to the south of Khetri to the alluvial plain through
Chirawa and Pilani, and encompassing forests,
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rangelands and irrigated croplands; (2) another toposequence running in a NE-SW belt between Kotri and
Ringus through Sri Madhopur, and encompassing
mostly the irrigated croplands and rangelands on
alluvial and colluvial plains; (3) a NE-SW running
belt through the sandy landscape in the southwest,
between Ratangarh, Rajaldesar, Chhapar and Gedap
where the samples are from rainfed croplands; and
(4) some notable isolated pockets around Taranagar,
Rajgarh, Sikar and Sewad, where the samples are from
both rainfed and irrigated croplands. The most notable
deficient area lies in a N-S belt through the duneinterdune terrain between Fatehpur, Jasrasar, Melusar,
Rajasar and Biliun, where some of the taller dunes
with narrow interdune plains occur, and the major
land uses are rainfed croplands and rangelands (Fig.
5). Overall, 26% area contains low to very low
quantity of Zn, 57% area marginal quantity, and only
17% area adequate to high quantities (Table 5).
One probable reason for the localized higher
contents of Zn is its application through inorganic
and organic sources in the irrigated croplands.
Additionally, our observations on higher contents
occurring in a topo-sequence encompassing the hilly
tracts of the Aravallis to the alluvial plains of the
ephemeral streams suggest that washing down of it
by the steams from the hilly tract of KhetriUdaipurwati area, which is rich in Cu and Zn,
followed by local weathering, could also have some
control on the distribution pattern of higher plant
available Zn.
Despite the localized natural endowment, Zn
deficiency is found over large parts of the region and,
therefore, there is a need for Zn fertilization at
recommended doses for rational crop yields. The Zn
deficiency in soil has been reported from several other
arid and semi-arid areas of the country (Dhir 1977;
Gupta et al. 2000; Sakal 2001; Mahesh Kumar et al.
2011a).
Copper: The DTPA-extractable Cu in the soils
varies from 0.12 to 5.20 mg kg-1, with a harmonic
mean value of 0.54 mg kg-1 (arithmetic mean 0.83 mg
Table 5. Area under different sufficiency levels of soil micronutrients (% of total geographical area)
Micronutrient
Very low
Low
Marginal
Adequate
Moderately high
High

Zn

Fe

Cu

Mn

1.4
25.0
56.8
13.9
2.0
0.8

11.0
60.4
28.0
0.4
0.10

1.0
6.6
52.4
24.4
15.7

0.2
17.9
73.6
8.3
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Fig. 5. Distribution pattern of available soil micronutrients in major land uses of Shekhawati region

kg-1), which suggests adequacy. The higher mean
contents are obtained from the irrigated croplands,
followed by the forests, the rainfed croplands and the
rangelands (Table 3). As in the case of the Zn
distribution, the spatial pattern of Cu also shows
higher concentrations along the hill to the alluvial
plain topo-sequence in the Kantli river catchment and
also in some other smaller catchments from the
Aravallis, where all the four land uses are represented.
Interestingly, higher Cu concentration is also noticed
in the zone where the Kantli river spreads over its fan
deposit between Rampura, Rajgarh and Dudhwa area,
where the samples are mainly from rainfed croplands.
Large areas under high to moderately high contents
also occur in the Taranagar-Sardarshahr tract in the
north, Ratangarh-Sujangarh area in the south, and
Bidasar area in the southwest, all of which are
dominated by rainfed croplands with rangelands (Fig.
5). Overall, about 52% area is adequately supplied
with Cu, while about 40% area has it in moderately
high to high quantity (Table 5).
Iron: The DTPA-extractable Fe ranged from
1.87 to 32.72 mg kg-1, with a harmonic mean of 6.42
mg kg-1 (arithmetic mean 7.87 mg kg-1), and could be
considered as marginally adequate. Rangelands are
better endowed, followed by the irrigated croplands,
rainfed croplands and the forests (Table 3). Spatially,
the better-endowed areas are within the Aravallis in

the east and the adjoining plains in the southeast
(where forests and irrigated croplands abound), the
Churu-Taranagar-Rajgarh area in the north, and the
Ramgarh-Ratangarh-Dhadheru area in the west, where
rainfed croplands and rangelands are more (Fig. 5).
The higher contents in the rangelands and rainfed crop
lands could be due to regular addition of Fe under
natural condition through litter fall and its
decomposition, while that in the irrigated croplands
may be due to external application through inorganic
sources. The results are in close agreement with those
reported by Mahesh Kumar et al. (2009b) and Kumar
et al. (2006). Despite the adequacy over a large area,
deficiency of Fe has been noticed in about 11% area
(Table 5), and need to be taken care of.
Manganese: The DTPA-extractable Mn in the
soils ranged from 2.32 to 40.70 mg kg-1, with a
harmonic mean of 8.27 mg kg-1 (arithmetic mean 10.65
mg kg-1), i.e. moderately high. Among the land uses,
the higher harmonic mean values occur in rainfed
croplands, followed by the irrigated croplands, the
rangelands and the forests (Table 3). There is no
specific pattern of spatial distribution, except that
samples from rainfed croplands in some small areas
between Sankhu, Rajgarh and Taranagar, where the
Kantli river tends to dump its sediments, have been
found to contain some of the highest Mn values. The
other notably high concentration areas occur in
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isolated pockets in the vicinity of some saline ranns
and flats around Parihara, Rojasar, Apsar and
Ratangarh, especially in the rainfed croplands (Fig.
5). Overall, the region is very well supplied with Mn,
i.e. 82% area under moderately high to high contents
(Table 5). The results corroborate with the findings
of Sharma et al. (1985) and Gupta et al. (2000).
Multi-nutrient Status of Macro- and Micronutrients
To find out the spatial commonality in the
association of different nutrient’s status maps, and
through it the multi-nutrient status in the region, the
limits proposed in table 1 were grouped either as a
‘deficient’ (1) or a ‘sufficient’ (2) unit. While the
very low and the low categories were clubbed as
‘deficient’ (1) the other categories in table 1 were
clubbed as ‘sufficient’ (2). Two sets of raster maps at
30 m resolution were prepared to show the above two
units, one set for the macronutrients (OC, P and K),
and the other set for the micronutrients (Cu, Zn, Fe
and Mn), and were then subjected to cross-tabulation
analysis. The two derived maps showed the
deficiency/sufficiency status of the multi-nutrients,
one for macronutrients and the other for
micronutrients.
Macronutrients: The mapping reveals that the
combined deficiency of OC, P and and K occurs in a
scattered manner across the region, covering only 5%
of the total area. As OC is inherently low in the

29

region, except in a tiny pocket in the Kantli river
alluvium in the east, the status of P and K assume
more importance in the overall planning for
sustainable crop production. Large parts of rainfed
croplands in the dune-covered west and in the hilly
southeast have deficiency of OC and P, where K is
adequate (45% area). By contrast, large parts of the
irrigated croplands in the east and some rainfed
croplands in the west have deficiency of OC, but
adequate P and K (35%). Other associations cover the
remaining 15% area in isolated pockets (Fig. 6).
Micronutrients: Association of micronutrients
status maps reveals the sufficiency of Cu, Zn, Fe and
Mn in majority of the area (68%). The Mn content
being sufficient in the whole area, the level of
sufficiency in other three micronutrients determines
the overall status of availability. Cross-classification
of maps has revealed that about 68% area, comprising
both of irrigated and rainfed croplands, still has
sufficiency of all the micronutrients, although, as we
have discussed earlier, the level of sufficiency of
individual micronutrient varies (Fig. 7). Among the
rest of the area, the north-western corner and a few
small patches have distinct deficiency of Zn and Fe,
especially in the rainfed croplands and rangelands (8%
area). Another 20% area, especially along a SE-NW
running belt in the dune-covered west and along the
SE corner of the region, has sufficiency of Cu, Fe and
Mn, but is deficient in Zn, while 3% area, especially

Fig. 6. Deficiency and sufficiency status of soil organic C, available P and K in Shekhawati region
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Fig. 7. Deficiency and sufficiency status of soil available micronutrients (Cu, Zn, Fe and Mn) in Shekhawati region

in the north-western, southern and central parts, is
deficient in Fe, but sufficient in the other three
micronutrients.
Overall, the deficiency of Zn and Fe in the soils
of Shekhawati region appears to be part of a pattern
that is emerging across India, which is manifested in
the deteriorating nutrition quality of some of the food
crops (Anonymous 2016). This calls for adequate
understanding of the problems of soil nutrient
availability and their uptake patterns in different crops
under the fast-changing climate, so that sustainable
land use decisions could be taken by the farmers.
Likely Environments of Soil Nutrients
The spatial pattern of soil nutrient distribution
suggested some control of geomorphic processes on
the relative richness of some nutrients in areas, not
discounting the controls of the land use systems in
practice and the use of fertilizers in irrigated croplands
for the richness or otherwise. Based on the patternmatching with the geomorphic features and the known
land use details, we interpreted the self-organized map
clusters as areas reflecting the signatures of some
dominant landscape/land use processes (Fig. 8).
Following are the most likely interpretation of the
boundaries:

(1) A large NE-SW running belt in the east,
encompassing a large part of the Aravalli hill
ranges, the foothills and the sandy plains to the
west and north, where the fluvial processes may
have dominant influence on the soil nutrients.
Although the area includes much of the irrigated
croplands immediately to the west of the
Aravallis, it also includes the forests and
rangelands in the Aravallis. Low sand dunes are
also many, especially to the west of the Aravalli
ranges, but sandy plains with fine sand to loamy
sand and ephemeral channels are more numerous.
Most likely, the geochemical signatures of fluvial
translocation of fine sediments and nutrients from
the Aravallis are still reflected in the characters
of the analyzed soil components.
(2) The soil nutrients in the large dune-covered area
in the west most likely bear a dominant signature
of aeolian influence.
(3) Soil nutrients in the area to the east of the Aravalli
hill ranges most likely bear strong signatures of
both fluvial and aeolian influence. This area is
also infested with sand dunes of low to moderate
height. Many of these dunes are old bedforms,
but have been reactivated in recent times due to
cultivation pressure (Kar et al. 2004; Kar 2014).
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Fig. 8. Likely dominant environmental influence on soil nutrients in Shekhawati region, as deducted from a self organizing map

(4) The soil nutrients in the northeast of the region,
encompassing the highly irrigated deep sandy
alluvial plain of the Kantli river, most likely bears
the signatures of both fluvial processes and
modern agricultural practices, especially the use
of chemical fertilizers. Being a fertile land with
good groundwater endowment, cropping practices
and agricultural inputs have undergone vast
changes here over the last six decades, especially
in tune with the market demands and exploitative
agricultural innovations. This has led to excessive
use of groundwater, leading to gradual tapping of
poor quality water, as well as more use of
available soil nutrients. While the latter got mostly
replenished through chemical fertilizers, the
scenario for the former worsened and led to
salinity build-up in the soil (Mahesh Kumar et al.
2018).
Conclusions
The Shekhawati region, located in the wetter
north-eastern fringe of Thar Desert, is well-endowed
with natural resources, and has a fairly long history
of agriculture. Analysis of soils of the region showed
that the soils are generally mildly to moderately

alkaline in reaction, poor in OC. The contents of P,
Zn and Fe are low to marginal in large areas,
especially in the dune-covered west. Continuous use
of phosphatic fertilizers resulted in the accumulation
of P in some pockets, mostly in the east. About 44%
area of the region is deficient in available P, 10%
area in available K, 26% area in Zn, and 11% area in
Fe. Deficiency of Cu and Mn is negligible. The
patterns get reflected in the multinutrient deficiency
maps of the macro- and the micronutrients. The
analysis has hinted at two natural processes (fluvial
and aeolian) and one anthropogenic process (external
input of fertilizers) being currently responsible for
the broad pattern of present nutrient distribution into
four major units.
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