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Soil fertility assessment and mapping for hot arid regions of Thar Desert in the Indian state of Rajasthan
was carried out and on the basis of fertility ratings the soils were classified as low, medium and high. In the
present assessment a systematic set of 5655 soil samples across the land use systems viz., rainfed croplands,
irrigated croplands and rangelands covering 12 districts of hot arid Rajasthan were collected using global
positioning system (GPS). The soil samples were analyzed for pH, electrical conductivity (EC), organic
carbon (OC), available phosphorus (P), potassium (K), iron (Fe), zinc (Zn), copper (Cu) and manganese
(Mn). Results of the soil analysis revealed that OC is low throughout the region, while available P was low
to medium, but generally medium to high in available K. Among the micronutrients, Cu and Mn were
adequately supplied in most areas, but Zn and Fe were inadequate in large parts. The spatial variability of
OC and available plant nutrients viz., P, K, Fe, Zn, Cu and Mn in hot arid regions of Rajasthan across the
land uses in region, has been mapped in a geographic information system (GIS), and their adequacy
determined as per the criteria followed in the soil testing laboratories. Spatial distribution maps indicated
that about 99.4, 48.7, 11.0, 56.1 and 41.0% of the area are under low availability class for OC, P, K, Zn and
Fe, respectively. Present study also showed that the hot arid regions of India not only deficient in individual
nutrients but they also suffer from multi-nutrients deficiencies which warrants attention for soil test based
integrated plant nutrition system. The wide spread deficiencies of P, Fe and Zn were most revealing; their
deficiencies varies with topography, soil type and land management practices. Irrigated croplands were
better endowed than other land uses in respect of OC, P, Zn and Cu; rangelands in respect of K and Fe, and
rainfed croplands in respect of Mn. With use of information technology tools like GIS and GPS helps in
generation of spatial data/maps on distribution of available plant nutrients with which we can precisely use
the required input at right place (location specific application of inputs). Information on spatial distribution
of available micronutrients enables grouping of the soils into homogenous units for better nutrient
management.
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Balanced use of essential soil nutrients is a necessity
for optimum growth of cultivated crop plants, and
constitutes one of the important key inputs for
achieving high productivity. This includes the
availability or the application of high-analysis
fertilizers (N, P and K), as well as the availability of
micronutrients. The latter, although required in very
small quantities, have been found to play a crucial
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role in the growth and production potential of crops
on a given soil (Shukla 2011). In India, the nature
and extent of macro- and micronutrient deficiencies
in soils have been found to vary not only with the soil
type, but also with the type of agricultural land use,
crop genotype, agro-ecological situations and land
management practices (Dhane 2011; Shukla 2011;
Rattan 2014). Widespread soil nutrient deficiencies
have also been observed in many Indian soils when
put under intensive cultivation of crops using the
Green Revolution concept, as this resulted in
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continuous removal of the soil nutrients without
appreciable replenishment (Dhane 2011; Dwivedi
2017). The mean maximum deficiency among the
major and micronutrients has been found in respect
of nitrogen (N) (63% low and 26% medium),
phosphorus (P) (42% low and 38% medium),
potassium (K) (13% low and 37% medium), sulphur
(41% S), zinc (48% Zn), boron (33% B), iron (12%
Fe), molybdenum (13% Mo), manganese (5% Mn)
and copper (3% Cu) (Muralidharudu et al. 2011;
Rattan 2014; Shukla and Tiwari 2014).
In the arid western part of Rajasthan, which
contains the Thar Desert, the soils are generally coarse
textured, alkaline in reaction and are reported to be
poor in fertility and are prone to multi-nutrient
deficiencies on intensive cultivation (Praveen Kumar
et al. 2009; Verma et al. 2017; Mahesh Kumar et al.
2020). For centuries these soils used to be cultivated
mainly for few rainfed summer crops (kharif) under a
traditional agro-forestry system that involved
rotational grazing by cattle, sheep and goats, as well
as short and long land fallow system, so that the soil
under crops could regain some nutrients for future
cropping. Large areas used to be under open
rangelands. Winter crops (rabi), using conserved soil
moisture, used to be grown at few favoured locations
only. The demand for soil nutrients was very little
and that too in some scattered locations. With the
advent of tube well irrigation technology and canal
irrigation in the area, however, the demand for plantavailable nutrients started to increase manifold,
especially since the 1980s when the Green Revolution
concept took roots in the Thar Desert, and intensive
cropping, especially during winter for cash crops,
became the rule over large sandy tract. As the soils of
region began to feel stresses on the soil nutrient
reserve in their fields, farmers started to use a variety
of chemical fertilizers to replenish the losses in some
of the targeted elements. Even now the farmers often
use different fertilizers on purely experimental basis.
The chemicals applied and their quantities used are
mostly decided on the basis of their availability in the
market during a season, and through the word of
mouth about the use potentials of a chemical. This
leads to wasteful dumping of some agro-chemicals
and inadequate application of some others, which
impact the nutrient status of the food product being
grown.
Despite the fact that the gap in knowledge was
known to the researchers, no systematic soil nutrient
data was collected across the desert to assess and to
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monitor the soil nutrient budget under the changing
land uses, except some localized academic studies and
general overviews based on scattered samples. In
general, very little emphasis was devoted to determine
the fertility status of arid soils (Roy et al. 1978;
Sharma et al. 1985; Praveen-Kumar et al. 2009), or
some reconnaissance surveys during the
commissioning of a canal to advise on the use of
chemical fertilizers as part of an agronomic package
of practices (Dhir 2007; Singh et al. 2013), hence
there is a dire need to develop and prepare a
systematic soil fertility database at regional level at
specified time intervals, to assess status of available
nutrients for grouping of soils in homogenous units
for better fertilizer management and avoidance of
excessive and imbalanced use of fertilizers. Broadly,
the early studies suggested the soils to be very low in
OC and majority of hot arid zone soils contains only
0.06 to 0.48% OC (Joshi 1984), low to medium in P
and contains Olsen’ P from 11.2 to 22.0 kg ha-1 in hot
arid regions of Rajasthan (Dhir et al. 1983), while
alluvial soils have reported to contain comparatively
higher P (500-715 mg kg-1) (Talati et al. 1975) and
medium to high in K content i.e. 142 to 334 kg ha-1
(Dhir et al. 1983). Soils were adequately supplied
with micronutrients like Fe (1.6-16.0 mg kg-1), Zn
(0.20-2.36 mg kg-1), Cu (0.20-4.28 mg kg-1) and Mn
(3.0-22.0 mg kg-1) (Joshi et al. 1983; Sharma et al.
1985). While the later studies reported slight
impoverishment of some micronutrients like Fe and
Zn (Kumar and Babel 2011; Mahesh Kumar et al.
2019, 2020). There is still a large gap in knowledge
about the spatio-temporal distribution of the available
nutrients (macro and micronutrients) in the soils
(Singh et al. 2007; Mahesh Kumar et al. 2018). The
situation called for a systematic benchmarking of the
soil nutrient status under different agricultural land
use systems, followed by spatio-temporal monitoring
of the nutrient input and losses at fixed time intervals.
It was felt that the spatial data on the distribution of
the major and the micronutrients under different land
uses could be better mapped and stacked for future
analyses if the data points are tagged through precise
GPS locations, and integrated on a GIS platform.
Accordingly, a pilot study was undertaken in the
Sekhawati tract in the eastern part of the desert
(Mahesh Kumar et al. 2019). Using the
methodological structure of that study we carried out
mapping for the hot arid regions of north-western
Rajasthan, which is being discussed here.
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Methodology
Study area
Hot arid Rajasthan situated in north western
parts of India located between 24º19'-30º11' N and
69º28'-76º5' E covers an area of 20.8 million hectare
(Mha) area which includes 12 districts namely,
Jaisalmer, Barmer, Bikaner, Jodhpur, Jalore, Pali,
Nagaur, Jhunjhunu, Sikar, Churu, Hanumangarh, Sri
Ganganagar (Fig. 1). The soils of arid regions of
Rajasthan are predominantly sandy with low clay, silt
and organic carbon and poor in available nutrients.
Because of aridic moisture regime and hyperthermic
temperature regimes weathering of minerals and
pedogenesis are weak. The soils have been classified
as Aridisols and Entisols covering 41.1 and 51.8%
area, respectively (Dhir et al. 1997). The major
landforms in the region are the sand dunes, hills and
colluvial plains, alluvial plains, saline depressions,
riverbed and water bodies. Land use pattern in hot
arid Rajasthan indicated that net sown area is the
dominant land use (56.5%), followed by area not
available for cultivation excluding fallow (28.3%),
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current and long fallow (12.81%) and forest land
(2.34%). About 61% of net irrigated area in the region
is irrigated through wells and tube wells and 38% is
irrigated through canals in north, western, north
western and southern parts of the arid Rajasthan
(Rajasthan Agricultural Statistics, 2016-17). Low and
erratic rainfall (100-450 mm, CV > 50%), extreme
temperature (-5.7 to 50.0 oC), low relative humidity
(30-80%) high wind velocity (9-13 kmph) and high
evapotranspiration (1600-1800 mm) are the
characteristic features of the region (Kar et al. 2009).
Soil sampling and laboratory analysis
A total of 5655 soil samples (0-15 cm) were
collected from the following dominant land uses:
irrigated croplands, rainfed croplands and rangelands.
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 a pH meter (Jackson

Fig. 1. Study area with soil sampling location in hot arid Rajasthan
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Table 1. Criteria used for assessing sufficiency/deficiency of major and micronutrients in soils
Major Nutrients
OC (%)
P (kg ha-1)
K (kg ha-1)
Micronutrients (mg kg-1)
Fe
Zn
Cu
Mn

Low

Medium

High

0.01 - 0.50
0.01 - 10.0
<120.0

0.51 - 0.75
10.0 - 25.0
120.0 - 280.0

>0.75
>25.0
>280.0

Very low

Low

Marginal

Adequate

Moderately high

High

0.01 - 2.50
0.01 - 0.30
0.01 - 0.10
0.01 - 1.00

2.51 - 4.50
0.31 - 0.60
0.11 - 0.20
1.01 - 2.00

4.51 - 9.00
0.61 - 1.20
0.21 - 0.40
2.01 - 4.00

9.01 - 18.0
1.21 - 1.80
0.41 - 0.80
4.01 - 8.00

18.0 - 27.0
1.81 - 2.40
0.81 - 1.20
8.01 - 16.0

>27.0
>2.40
>1.20
>16.0

1973). Electrical conductivity (EC) of soil extract was
determined using a conductivity bridge (Richards
1954). Organic carbon was determined by rapid
titration method (Walkley and Black 1934). Available
P was extracted with 0.5 M NaHCO3 solution (8.5
pH) (Olsen et al. 1954) and P content in the extract
was estimated spectrophotometrically after developing
molybdophosphate blue colour method. Available K
was determined by extraction of soil with neutral
normal ammonium acetate (pH 7.0, soil: solution ratio
of 1:5) and K content in the extract was estimated
with the help of flame photometer (Pratt 1982). For
determination of available micronutrients (Fe, Zn, Cu
and Mn), soils 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 and CaCO 3 were determined
following methods given by (Jackson 1973). Soil
textural analysis was carried out by international
pipette method using sodium-hexameta-phosphate as
a dispersing agent. The textural class was determined
using the USDA textural triangle.
After the samples were analyzed, the mean and
standard deviation values for each physicochemical
parameter in the three land use systems were
determined. To quantify the level of deficiency or
sufficiency of soil micronutrients, the analyzed soil
nutrient data were classified into ‘very low’ to ‘high’
level of availability, using the classification suggested
by Singh (2008) that is now followed by majority of
soil testing laboratories in India (Dwivedi 2017). The
limits used for the study are provided in table 1.
Mapping: To map the distribution pattern of
different soil nutrients, the data analyzed from sample
sites were first fed into geographic information system
(GIS) as point-based and geo-referenced data through
table management. The data were then processed
through inverse distance weighting (IDW) method,

and classified into homogenous groups of availability
status of micronutrients as contours in vector maps,
as per the classification in table 1. Their approximate
area coverage in each district and in the four agroclimatic zones were calculated. Based on the level of
adequacy of each nutrient for plants, the units in the
individual vector maps were then aggregated into
deficient and sufficient categories. The deficient
categories and the sufficient categories in each
nutrient map were clubbed into either a deficient unit
(low and very low class), or a sufficient unit
(marginal, adequate, moderately high and high), and
their boundaries were rasterized. The three maps on
OC, P, K and four maps on the micronutrients (Fe,
Zn, Cu and Mn) were then stacked separately and
subjected to cross-tabulation analysis. The derived
cross-classification image-maps showed the spatial
pattern of multi-nutrient deficiency/sufficiency status
in terms of the micronutrients, where the status of
each component nutrient within a matrix was also
reflected.
Results and Discussion
Soil physicochemical properties
The range and mean of physicochemical
properties of the soils analyzed are provided in table
2. The soils are dominantly alkaline in reaction with
pH ranged from 7.10 to 10.0 with a mean value of
8.63. About 38% soil samples were mildly to
moderately alkaline in pH, while 51 and 11% soil
samples were strongly and very strongly alkaline in
pH, respectively. Large areas in the east and the northeast, especially covering the irrigated croplands,
registered moderate to strong alkaline reaction (pH
8.5-9.5). The alkaline pH of soils is due to presence
of high CaCO 3 in the soils. These soils are
experiencing arid climate since Holocene period and
high content of pedogenic CaCO3 in these soils is due
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Table 2. Chemical characteristics of soils of western Rajasthan
Soil properties
pH (1:2)
EC (dS m-1)
Sand (%)
Silt (%)
Clay (%)
CaCO3 (%)
Organic carbon (%)
Available P ( kg ha-1)
Available K (kg ha-1)
Fe (mg kg-1)
Zn (mg kg-1)
Cu (mg kg-1)
Mn (mg kg-1)

Range

Mean±SD

7.10 - 10.0
0.00 - 7.52
17.0 - 96.0
1.20 - 30.0
2.0 - 28.0
0.00 - 34.0
0.01 - 0.84
1.19 - 96.6
56.0 - 974
0.84 - 42.7
0.05 - 5.20
0.04 - 4.86
0.70 - 45.9

8.63±0.40
0.26±0.52
80.0±14.1
9.30±8.90
10.2±6.20
2.66±3.99
0.16±0.12
13.3±12.6
251±148
6.42±4.19
0.76±0.68
0.66±0.48
9.44±5.61

to high evapotranspiration than the precipitation (Pal
et al. 2014). The enhanced accumulation of the CaCO3
caused the increase in pH of the soils. Poor quality
groundwater (having high concentration of sodium)
in arid Rajasthan may also one of the other region for
high pH of these soils (Vasu et al. 2015; Mahesh
Kumar et al. 2018). As regards to soil texture, most
of soils in arid Rajasthan had sandy texture (75%)
followed by sandy loam (15%) and clayey texture
(loam, silty loam and silty clay loam) in about 10%
area. The soils texture is sandy with average sand
content of 80%. In the western and south-western arid
parts at Jaisalmer, Bikaner and Barmer, the sand
content is about 90% at most of the places. The sandy
textured soils distributed all over the arid Rajasthan
have highly undulating topography that led to frequent
erosion and deposition of aeolian sand which are
mostly poor in soil fertility and water retention
characteristics. Sandy loam texture is mainly
distributed over Jodhpur, Pali, Nagaur and Sikar
districts. The fine textured soils were mostly found in
alluvial plains in south or south-eastern of arid
Rajasthan covering parts of Pali, Jalore, Nagaur, Sri
Ganganagar and Hanumangarh districts in northern
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parts and small pockets in north-eastern fringe of arid
Rajasthan in Jhunjhunu, Sikar districts. The difference
in texture might be due to topographical variations in
the respective blocks.
Organic carbon, available P and K status and their
spatial variability
Organic carbon
In general, soil OC content in arid soils are poor
and ranges from 0.01 to 0.84%, with a mean value of
0.16% (Table 2). Majority of the soils 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 (Singh et al.
2007; Mahesh Kumar et al. 2011, 2019). Tillage
operation during summer and very little addition of
organic matter annually could also be the responsible
factors. Earlier workers (Sahrawat et al. 2007;
Praveen-Kumar et al. 2009; Mahesh Kumar et al.
2011) also reported low OC content in soils of arid
and semi-arid regions of India. Overall, 99.4% area
contains low to very low OC (Table 3). The eastern
part, covering mostly the irrigated croplands in the
Luni-Jawai alluvial plains, as well as the western part
of the Ghaggar alluvial plain in Sri Ganganagar and
Hanumangarh districts, and small scattered areas in
the Kantli River plains in Jhunjhunu district and
Kantli and Mendha river plains in Sikar districts have
comparatively higher values OC ranging from 0.21 to
0.84% due to higher percentage of clay and silt in the
near-surface layers (Singh et al. 2013; Mahesh Kumar
et al. 2019). The large differences between the mean
values are the results of cropping system, management
practices and large landscape conditional variability
in the region. The mean contents in the region
followed the order: irrigated croplands (0.19%) >
rangelads (0.16%) > rainfed croplands (0.15%) (Fig.
4). The lower OC in rainfed croplands may be
attributing to reduction in organic matter input and

Table 3. Area under different sufficiency levels of major nutrients (% of total geographical area)
Major nutrients

Low

Medium

High

Organic carbon (%)
Available P (kg ha-1)
Available K (kg ha-1)

99.4
48.7
11.0

0.47
46.9
64.2

0.16
4.40
24.9

Micronutrients (mg kg-1)
DTPA-Fe
DTPA-Zn
DTPA-Cu
DTPA-Mn

Very low

Low

Marginal

Adequate

Moderately high

High

4.00
7.38
0.33
0.00

37.0
48.8
2.06
0.15

44.0
35.0
24.1
9.31

14.8
6.57
55.7
35.1

0.15
1.34
13.3
49.7

0.09
0.96
4.60
5.69
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oxidation of OC due to prevailing high temperature
conditions in the region (Pandey et al. 2010). The
rangelands are good in in OC content than rainfed
croplands 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 croplands (Singh et al. 2007;
Rathore et al. 2014; Mahesh Kumar et al. 2018). The
higher OC content in irrigated croplands is due to
cropping intensity and crop residue addition and its
subsequent decomposition, rapid root proliferation, as
well as application of organic matter through external
sources (e.g., FYM and compost) and better
management practices (Post and Kwon 2000; Singh
et al. 2007; Lutzow et al. 2008; Singh et al. 2013;
Datta et al. 2015). The better status of OC under
intensive agriculture i.e. 0.37% as compared to 0.07%
in uncultivated sandy soils in north-western India was
also reported by Verma et al. (2017) and Mahesh
Kumar et al. (2018). The land in the alluvial plains of
the Kantli river (Jhunjhunu and Churu distrcts),
Gaghar (Sri Ganganagar and Hanumangarh districts),
Luni and Jawai (Pali, Jalore and Barmer) are also
found to have a distinctly high content of OC, which
possibly relates to the spreading of clay and silt rich
alluvium by these rivers (Fig. 4).

samples, 49% was deficient, 45% was medium and
6% was high in available P (Fig. 2). Spatially, the
status is poorer in the dune-interdune areas, especially
covering the rainfed croplands and rangelands. The
contents of available P were 16.1, 12.8 and 11.2 kg
ha-1 in irrigated croplands, rangelands and rainfed
croplands. Available P was found to be low (<10 kg
ha -1 ) in the dominantly rangelands and rainfed
croplands of the western and north-western parts,
where closely-spaced high dunes and rocky/gravely
uplands with shallow soils are frequent. The shallow
soil areas around the gravely uplands and small hilly
tracts in the Luni-Jawai plains also have low P values.
Large areas in the eastern and central parts are
dominated by moderate P values (10-25 kg ha-1),
where about 5% of the total area, covering small
scattered locations in the irrigated areas, registered
high P values (>25 kg ha-1).
The situation is considerably better in alluvial
soils under irrigated croplands, where the high values
are especially obtained in the alluvial plains in Pali,
Jalore, Jhunjhunu, Sri Ganganagar and Hanumagarh
districts in isolated pockets (Fig. 4). The higher
availability of P in irrigated croplands might be due
to release of organically bound P during
decomposition of organic matter added in the form of
crop residue, solubilization of soil P by organic acids
produced during decomposition of root biomass. This
higher amount may also be partly due to the
inheritance from parent materials, continuous
application of phosphate fertilizers for the past 3-4
decades (Singh et al. 2007; Singh et al. 2009; Verma
et al. 2017; Mahesh Kumar et al. 2019). These
irrigated soils are cultivated in both rabi and kharif
seasons, and receive recommended doses of fertilizers
(urea and DAP) and organic manures. Accumulation
of available P in arid soils under intensive cultivation
was also reported by Singh et al. (2013) and Verma

Per cent distribution

Available phosphorus
The available P in soils shows wide variability
(1.19 - 96.6 kg ha-1) with mean value of 13.3 kg ha-1,
indicating low to medium in available P status in these
soils (Table 2). While, 48.7% area has low P, 46.9%
area has medium content (Table 3). The deficiency of
P in arid soils may be attributed to their inherent low
P status, low organic matter and formation of Ca-P,
in soils containing high CaCO3 (Bhattacharya et al.
2007). The results also demonstrated that out of 5655
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Organic carbon

Available P

Available K

Fig. 2. Per cent distribution of organic C and available P and K across the arid Rajasthan in low medium and high category
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et al. (2017). There are many examples globally of
increase in available P due to intensive cultivation
(Kenney et al. 2002).

study near Jodhpur in central Thar that the small
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.
Micronutrients status and their spatial variability
Iron: The DTPA-extractable Fe ranged from
0.84 to 42.7 mg kg-1 with a mean value of 6.42 mg
kg-1, and considered as marginally adequate (Table
2). Rangelands were found to be better endowed,
followed by the irrigated croplands and rainfed
croplands (Fig. 4). Out of 5655 samples analyzed,
~42% was deficient in DTPA-Fe in hot arid Rajasthan
(Fig. 3). Spatially, the better endowed areas were
within the Aravallis in the east in Nagaur, Sikar,
Jhunjhunu, Churu and the adjoining plains in the
south-east (Fig. 6). The higher contents in the
rangelands 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 organic
and inorganic sources. Even the inputs of the
micronutrients are meagre in the rainfed and
rangelands, but it is assumed that mining of
micronutrients are much less than the irrigated
croplands. The results are in close agreement with
those reported by earlier workers (Joshi et al. 1978;
Joshi and Dhir 1983). They found that available Fe
content was in the range of 3.0 to 20.0 mg kg -1
indicating adequate supply of soil with Fe. Dhir et al.
(1983) and Sharma et al. (1985) also reported that the
mean value of Fe in Jodhpur and Nagaur districts
were in the range of 5.0 to 22.0 mg kg-1. Despite the
adequacy over a large area, deficiency of Fe has been
noticed in ~41% area (Fig. 6), and need to be taken

Per cent distribution

Available potassium
Available K ranged from 56.0 to 974.0 kg ha-1,
with mean value of 250.6 kg ha-1 (Table 2) and the
per cent sample under low, medium and high
categories were 11.0, 60.5 and 28.5, with an overall
medium fertility rating (Fig. 2). By contrast, the
distribution of available K was adequate to more than
sufficient in large parts of the region. Contrary to the
situation of P, however, the mean status of K was
highest in rangelands (274.0 kg ha-1) in rangelands
followed by rainfed croplands (237.4 kg ha-1) and
irrigated croplands (253.4 kg ha-1). Low content of
available K in irrigated croplands 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. Depletion of available K in arid soils under
intensive cultivation was also reported by Mahesh
Kumar et al. (2019) and Verma et al. (2017).
Consequently the stored K declined gradually.
Generally, farmers of the region apply N and Pfertilizers like urea, DAP, SSP, sulphate and zinc
sulphate to some extent, but they have not given any
attention so far to replenish K through K-fertilizer.
The higher content of K in rangelands and tree-based
land use 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 (Mahesh Kumar et al. 2019). The
plundering of major soil nutrients through continuous
cultivation have been reported from elsewhere in the
desert also. Tsunekawa et al. (1997) reported from a
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DTPA-Fe

DTPA-Mn

DTPA-Zn

DTPA-Cu

Fig. 3. Per cent distribution of micronutrients (Fe, Mn, Zn and Cu) across the arid Rajasthan in deficient and sufficient category
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care of. The most notable deficient area lies in a northwest belt through the dune-interdune terrain between
Jaisalmer, Bikaner, Churu and south-west and southeast belt through Barmer, Jalore and Nagaur, where
some of the taller dunes with narrow interdune plains
occur, and the major land uses are irrigated and
rainfed croplands (Fig. 5).
Zinc: The DTPA-extractable Zn in the soils of
hot arid region of Rajasthan ranges from 0.05 to 5.20
mg kg-1, with a mean value of 0.76 mg kg-1, which
was marginally low (Table 2). Earlier other workers
(Joshi et al. 1978, 1983; Sharma et al. 1985) also
reported that soils were low to marginal in available
Zn (0.20 - 2.36 mg kg-1). Relatively higher mean
contents occur in the irrigated croplands, followed by
the rainfed croplands and the rangelands (Fig. 4).
Overall, out of 5655 samples, 57% was deficient in
DTPA-Zn in hot arid Rajasthan (Fig. 2). Spatially the
better-endowed areas were found to occur in south of
Jodhpur, running belt of the Kantli river, covering
Jhunjhunu and Churu encompassing rangelands and
irrigated croplands; north-east to south-west parts of
Sikar district encompassing mostly the irrigated
croplands and rangelands on alluvial and colluvial
plains; northern, north-eastern and western parts of
Sri Ganganagar and Hanumangarh district (Fig. 5).
The most notable deficient area lies in north-west belt
through the dune-interdune terrain between Bikaner,
Jaisalmer and Barmer and eastern parts of Churu,
where some of the taller dunes with narrow interdune
plains occur, and the major land uses are rainfed
croplands and rangelands (Fig. 5). Overall, 56% area
contains low to very low quantity of Zn, 35% area
marginal quantity, and only 9% area adequate to high
quantities (Table 3).
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, 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.
Regardless of the localized natural endowment,
Zn deficiency was 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 soils have been reported from several
other workers in arid and semi-arid areas of the
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country (Sakal 2001; Pradeep Kumar et al. 2006;
Praveen-Kumar et al. 2009; Mahesh Kumar et al.
2019).
Copper: The DTPA-extractable Cu in the soils
varied from 0.04 to 4.86 mg kg-1, with overall mean
of 0.66 mg kg-1, which suggests adequacy of Cu. In
general, arid soils are not deficient in available Cu,
and it varied from 0.21 to 4.28 mg kg-1 in arid soils of
Rajasthan (Dhir et al. 1997). However, Lal and
Biswas (1973) and Joshi et al. (1982) reported that
Cu content was present in the range of 0.20 to 2.00
mg kg-1. The higher mean contents were obtained from
the irrigated croplands, followed by the rainfed
croplands and the rangelands. In total, out of 5655
samples only 4.60% was deficient in DTPA-Cu. As in
the case of the Zn, distribution, the spatial pattern of
Cu also showed higher concentrations in the alluvial
plains of Luni river in Pali, Barmer, Jalore districts,
alluvial soils of Kantli river in Jhunjhunu and Churu
districts, alluvial plains of Ghaggar river in Sri
Ganganagar and Hanumagarh districts (Fig. 6), where
all the three land uses are represented. Large areas
under adequate Cu contents occur in the JaisalmerBarmer-Jodhpur-Churu tract in the west and southwest, all of which were dominated by rainfed
croplands with rangelands. The most notable marginal
area lies in west and south-west belt through the duneinterdune terrain between Barmer and Jaisalmer, and
in the east of Bikaner and the major land uses are
rainfed croplands and rangelands (Fig. 4). Considering
the critical limit of Cu as 0.20 mg kg-1, only 2.46%
area of western Rajasthan is deficient in Cu otherwise
all the soils are mostly sufficient in Cu.
Manganese: The DTPA-extractable Mn in the
soils ranged from 0.70 to 45.9 mg kg-1, with mean
value of 9.44 mg kg-1 (Table 2), indicating moderately
high. Based on the threshold limit (2.0 mg kg-1), only
2.5% samples were deficient in DTPA-extractable Mn.
Deficiency of Mn is not a serious problem in hot arid
regions of Rajasthan. Overall, the region is very well
supplied with Mn, i.e. 91% samples under adequate
to high contents (Fig. 3). The results are in close
agreement with Johari et al. (1978) and later with
Mahesh Kumar et al. (2019) they reported that soils
of western Rajasthan well supplied with available Mn
and it was present in the range of 6.0 to 62 mg kg-1.
The results corroborate with the findings of Mahesh
Kumar et al. (2019). Some small pockets across the
land uses in Barmer, Jodhpur, Pali, Nagaur, Jhunjhunu
and Sikar have been found to contain some of the
highest Mn values (Fig. 6). The most distinguished
marginal area lies in north-east and north-south belt
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Fig. 4. Mean content of organic carbon, available P and K and DTPA-Fe, Zn, Cu and Mn under different land uses in arid
Rajasthan
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Fig. 5. Spatial distribution of soil pH, organic carbon, available P and available K in arid western Rajasthan

through the dune-interdune terrain between Jaisalmer,
Bikaner and parts of Sri Ganganagar, where some of
the transverse dunes with narrow interdune plains
occur, and the major land uses are rainfed croplands
with occasional irrigated croplands (Fig. 6).
Multi-nutrient Status of Major and Micronutrients
To find out the spatial commonality in the
association of different nutrients status maps, and
through it the multi-nutrient status in the region, the
limits proposed in table 1 were grouped as low,
medium and high for macronutrients and ‘deficient’
or ‘sufficient’ units for micronutrients. Two sets of
raster maps were prepared to show the above units,
one set for OC, P and K, and the other set for
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 major nutrients
and the other for micronutrients.
Major nutrients
The mapping reveals that the combined
deficiency of OC, P and K occurs in a scattered
manner across the region, covering only about 3.5%
of the total area (Fig. 7). This area requires immediate
attention for better nutrient management interventions
to restore the soil fertility to sustain increased
agricultural production. As OC is inherently low in
the region, except in a tiny pocket in the alluvium
soils in the north and north-east in Hanumangarh, Sri
Ganganagar, Jhunjhunu and Sikar districts and in Pali
and Jalore districts in south, the status of P and K
assume more importance in the overall planning for
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Fig. 6. Spatial distribution of available micronutrients in arid western Rajasthan

Fig. 7. Combined deficiency and sufficiency of OC, available
P and K in hot arid Rajasthan

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
medium (42% area). By contrast, large parts of the
irrigated croplands in the east and some rainfed
croplands in the west have deficiency of OC, but
medium in P and K (28%). Approximately, 70% area
of the region is under priority area for nutrient
management interventions to prevent further
deterioration of soil nutrient level, where OC is low,
P is low to medium and K is medium to high.
Whereas, about 16% of the area have deficiency of
OC, but medium in P and high in K content in small
pockets spread all over the arid Rajasthan. About 7%
of the area is deficient in OC, and available P, and
high in available K mainly occurs in dune covered
grazing lands in western parts and rangelands in
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Fig. 8. Multi-micronutrient deficiencies in hot arid Rajasthan

southern and north eastern parts covering parts of arid
Rajasthan. Other associations cover the remaining
3.5% area in isolated pockets (Fig. 7).
Micronutrients
Cross-classification of maps has revealed that
about 34% 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. Association of micronutrients status maps
reveals the sufficiency of Cu, Zn, Fe and Mn in only
34% of the total area (Fig. 8). Mn content being
sufficient in the whole area, the level of sufficiency
in other three micronutrients determines the overall
status of availability. 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 (29% area). This
zone require immediate attention for better nutrient
management interventions to restore the Zn and Fe
balance in the soil as the soil is already depleted in
below the critical levels of these nutrients to sustain
agricultural production. Another 27.5% area,
especially along a south-east to north-west running
bet in the dune-covered west and along the south-east
corner of the region, has sufficiency of Cu, Fe and
Mn, but is deficient in Zn, while 8% area, especially
in the north-western, southern and central parts, is
deficient in Fe, but sufficient in the other three
micronutrients. Other associations cover the remaining
1.5% area in isolated pockets.
Conclusions
Hot arid region, located in the north-western part
of Indian Thar Desert, is well-endowed with natural
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resources, and has a fairly long history of agriculture.
Analysis of soils of the region showed widespread
deficiencies of OC, P, Zn and Fe, besides water
shortage, low availability of these nutrients in soils
also hold back the crop productivity in hot arid
regions of north western parts of India. The proper
diagnosis of nutrient deficiencies implies balance and
judicious use of nutrients for sustainable agricultural
production in the region. About 49% area of the hot
arid regions of Rajasthan is deficient in available P,
11% area in available K, 56% area in Zn, and 41%
area in Fe. Deficiency of Cu and Mn is negligible.
The patterns get reflected in the multi-nutrient
deficiency maps on the major and the micronutrients.
The multi-nutrient deficiency maps will be helpful in
locating the areas that warrant immediate attention by
planners and policy makers for more focused
programmes in these priority areas. The study also
helped to identify and delineate critical areas under
multi-nutrient deficiencies for prioritization and site
specific nutrient management. Based on the status of
nutrients the recommendation for fertilizers can be
made which may be of immense useful in enhancing
the yields of crops and reducing the cost of excessive
fertilizer in addition to providing balanced nutrition
to the crops.
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