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Abstract

Background: In Himalayas, particularly Jammu and Kashmir, where 85% of people depend on agriculture and allied
sectors, 70% of agriculture is rain-fed. While the Himalayas, highly seismic, contribute highest in sediment trans-
ported to the world oceans, surface soil is under threat due to erosion, and Rajouri district in western Himalayas is no
exception. Various factors, especially land use pattern and climate change, further affect the soil fertility and nutrient
contents. However, information on essential nutrients in the soil across the region is meager.

Methods: We examined soil texture, soil type, lime status, pH, EC and select nutrients in January (non-cropping sea-
son) and June (cropping season) in paddy/wheat fields in Rajouri town, and its upstream and downstream locations.
We also examined area under major crops, yield and fertilizer inputs from 2000 to 2012.

Results: Wilcoxon signed-rank test, a non-parametric statistical hypothesis test used when comparing two related
samples, showed that pH, EC, K, Zn, Fe and Mn are higher in January than in June while OC, N, P, Na, Mg, Ca and Cu
are vice versa. Kruskal-Wallis test, another non-parametric statistical hypothesis test used when comparing more than
two related samples, showed nutrients varying significantly from upstream to downstream in both the seasons. Area
and yield under rice, wheat and maize cultivation during 2000-2012 did not show any significant change. During

the period, while significant increase in N and P input was seen, micronutrients remain neglected. Correlation matrix
shows significant relation among the nutrients in January and June. In the case of rice, the yield was significantly
positively correlated with area under cultivation, but in the case of wheat, the yield was negatively correlated with the
area.

Conclusions: The study presents baseline information on soil characteristics across seasons and locations in Rajouri.
It highlights the inadequacy of the official database and need for generating accurate data on crops and yields that

are more authentic.
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Background

Agriculture productivity is greatly determined by qual-
ity of the soil, especially availability of the nutrients. It
plays key role in economy and overall social well-being
of India (Mall et al. 2006). Growing population in the
country demands an annual yield of 5 metric ton to
meet the future needs compared to the average annual
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and indicate if changes were made.

productivity of 3.1 metric tons during 1968—2008 (Singh
2008). That requires improvement in the soil quality,
the key element in sustainable agriculture (Warken-
tin 1995). Ecosystem function, process and attributes
of soil are described by its quality (Larson and Pierce
1994; Doran and Parkin 1994; Karlen et al. 1997). Yield
efficiency of soil can be based on availability of nutrients
in the soil and categorizing soil accordingly is important
for appropriately planning agriculture (Gregorich and
Carter 1997). From 1970 to 2000, increase in the yield is
reported worldwide due to intensified crop management,
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improved germplasm, higher fertilizer inputs and culti-
vation of two or more crops a year (Cassman 1999). In
India with the arrival of high yielding varieties, addition
of macronutrients such as N, P and K fertilizers raised
productivity by fourfolds, which in turn, however, led to
deficiency of micronutrients in most of the soil (Singh
2008).

Agriculture globally is vulnerable to climate change
(IPCC 2014). In India, predicted loss, due to global
warming, during 2080-2100 in crop productivity ranges
from 10 to 40% (Rosenzweig and Parry 1994; Fischer
et al. 2002; Parry et al. 2004; IPCC 2014). Significant fall
in production of pulses, tomatoes, onions, garlic, cere-
als (Samra and Singh 2004) and drop to the tune of 4-5
million tons of wheat is estimated with 1 °C rise in tem-
perature (Saini and Nanda 1986; Aggarwal 2008). The
Himalayas is recognized as highly vulnerable to climate
change due to its special ecosystem features such as
geological dynamic nature, earthquakes, landslides, het-
erogeneous geography, ecological fragility, diversity of
species, highly variable climatic regime, and harsh living
conditions and economic marginality of the local inhab-
itants (Dortch et al. 2009; Hubbard and Shaw 2009; Xu
et al. 2009; Tse-ring et al. 2010). More than 85% of the
population in the Himalayas depends primarily on agri-
culture and allied sectors for livelihoods, and industrial
activity in the area is almost nothing. Impacts of climate
change tend to be severe on people relying on rain-fed
agriculture for a living (Gentle and Maraseni 2012). Since
agriculture based livelihood of people is vitally linked
with essential nutrients in the soil, it is important to
estimate requirement of fertilizers for appropriate nutri-
ent management in the agriculture fields (Tandon and
Tandon 1995; Das et al. 2009). Studies from northwestern
Himalayas, particularly from Jammu & Kashmir (J&K),
on agriculture with respect to soil characteristics, nutri-
ents, crop yields, fertilizer inputs and climate change are
scarce. Therefore, for the present study, essentially to
create baseline information on the soil characteristics of
the area, we examined select parameters in the paddy/
wheat fields in the flood plains of the river Munawar Tawi
flowing through Rajouri, Western Himalayas, India. The
parameters examined were soil texture, type, lime status,
pH, electrical conductivity (EC), organic carbon (OC)
and essential nutrients (Na, Mg, Ca, N, P, K, Cu, Zn, Fe
and Mn). In addition, we examined the relations among
the area under cultivation (rice, wheat and maize), their
respective yields and inorganic fertilizer inputs.

Study area

Rajouri town lies towards west of Jammu city
(150 km), J&K, India. The Rajouri district, spread over
2769 Km? (Latitude 33°34/’N-33°04"N, longitude
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74°10"E-74°37"E), ranges in altitude from 460 to 3900
mASL (Fig. 1a). In 2011, the total population in the dis-
trict was 619,266, of which more than 80% is rural. The
decadal growth rate in population during 2001-11 was
28%. The climate in the district ranges from semitropi-
cal in the south to temperate in the north. Rajouri town
falls in the temperate region. The district receives rainfall
from the southwestern monsoon from June to August.
Average annual rainfall varied from 689 to 1293 mm
during 2002 and 2014. The economy of the district is
primarily agricultural, with rice, wheat and maize being
major crops. Cereals, millets, pulses, green leafy veg-
etables, condiments, spices, and fruits such as guava,
mango, banana and walnut are also cultivated (Digest of
Statistics 2012). The agriculture fields largely are spread
along the banks of the river Munawar Tawi. In the dis-
trict, 97,845 ha (Digest of Statistics 2012) is under wheat
(46.3%), maize (47.67%), rice (5.41%), bajra (pearl mil-
let-0.56%) and other millets (0.03%). These fields follow
more or less the same cropping pattern. Rice and maize
are cultivated during rainy seasons (May—-September),
and wheat in winter (October—April). Maize is grown in
upland areas away from irrigation sources. Paddy, raised
close to streams and the river, mainly is sown with the
onset of the southwestern monsoon. The paddy fields
are either flooded or irrigated with water from the river
Munawar Tawi, which serves as the prime source of
water for the district, including its domestic and drinking
needs.

Geological formations of Rajouri district vary from
older metamorphic and crystalline in upper north to
Murree group and Siwalik towards south in Rajouri town
and its surroundings. About 80% of the district is cov-
ered by Murree group of rocks (pink sandstone and clay)
of late Eocene to the early Miocene period (Kishor and
Shashi 2002). A geological map of the district is shown
in Additional file 1: Figure S1. The sampling sites repre-
senting rice, maize and wheat fields thus have same types
of soil and geology as the general geological setup of the
district.

Methods

Croplands along the banks of Munawar Tawi in Rajouri
town, its upstream and downstream locations were
selected for sampling soils (Fig. 1b). Soil samples were
collected from three sites in the crop fields using a scoop.
The first site lies in the upstream of the town and it could
be considered as least urbanized. The second sampling
site is in the town that is most urbanized part in the study
area, and the third site is in the downstream of the town
and is lesser urbanized than the second. The distance
between each of these sites varied from 3 to 6 km. From
each site, nine samples were collected (total 27 samples
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during one season across three locations) from the cor-
ners and center of the field. Samples, each 0.5 kg, were
collected in triplicates from a depth of 0.1-0.2 m, packed
in zip-lock bag (airtight polyethylene bags) and trans-
ported to the laboratory for processing. The collections
were done between 11:00 and 15:00 h in January repre-
senting post harvesting period and June representing
sowing period. In the lab the soil samples were air dried
at room temperature (Jackson 1973), mildly ground using
a mortar and pestle and strained using a 2 mm sieve
(Tandon 2005). Then the sieved soil, less than of 2 mm
size, were stored in acid-washed labeled plastic contain-
ers until further analysis.

Soil texture was determined by particle fractionation
(BS-1796:1962, Allen and Hajek 1989). Soil type, was
determined by color matching the samples spread in a
plastic tray taking the Munsell soil color chart as refer-
ence and noting down the color codes. Lime status was
estimated by determining OC content using the method
of Bailey (1993). A calibrated pH meter (Digital Electron-
ics-7007) was used to record the pH and a calibrated Dig-
ital Conductivity Meter (DI-9009) was used to record the
EC (Tandon 2005). To estimate N, P, K, Na, Ca, Mg, Li,
Cu, Zn, Fe and Mn, soil samples were extracted with 1 M
neutral Ammonium Acetate solution (Prusty and Azeez
2007). Extractions, done by stirring 10 g of air-dried soil
samples in 100 ml of the extractant for 20-30 min, were
filtered and the filtrate was stored in pre-cleaned plastic
vials. All reagents were prepared using double distilled
water and AnalaR grade chemicals.

Of the available primary macronutrients, N was deter-
mined by Micro-Kjeldahl method (Jackson 1973) using
micro-Kjeldahl KEL PLUS (Model Kes06L) and P was
determined by stannous chloride method (Bray and
Kurtz 1945) using UV-VIS Spectrophotometer (Model:
Lambda 35 UV/VIS spectrometer). Na, K and Li were
determined by Flame photometry (Allen and Hajek
1989; Subba Rao 2001) using Systronics Flame Photom-
eter-128. Ca and Mg were determined by EDTA titration
(Allen and Hajek 1989). Total organic carbon and organic
matter was determined by wet digestion following Walk-
ley and Black (1934) method. Atomic absorption spec-
trophotometer (AAS Model-SenSAA GBC Equipment
GBCHG 3000) was used to determine micronutrients
Cu, Zn, Fe and Mn (Lindsay and Norvell 1978; Berrow
and Stein 1983).

A test of normality performed on data on soil char-
acteristics showed non-normal distribution. Hence,
non-parametric tests Wilcoxon signed-rank test and
Kruskal-Wallis rank test were conducted to assess the
overall variations in the soil parameters across the sea-
sons (January and June) and locations (Rajouri town,
its upstream and downstream). Pair-wise Pearson’s
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correlations (2 tailed) were performed among all the
parameters (Krumbein and Graybill 1965) in January
and June. To examine the relations among areas under
crops, yield and fertilizer inputs over the past decade
available data (2000-2012) collated from the respective
government line departments/agencies (agricultural, sta-
tistical, Irrigation/flood control and Indian agricultural
meteorology station), in the district (Digest of Statistics
2012) were used. Linear regression was performed on the
area under crop, yield and fertilizer inputs in rice, wheat
and maize cultivation during 2000-2012. A correlation
matrix was prepared depicting area vs. yield (in rice,
wheat and maize cultivation), and yield vs. inputs of N, P,
and K fertilizers.

Results

The concentrations of both macro and micronutrients in
the soil under agriculture along the banks of Munawar
Tawi in Rajouri town, its upstream and downstream loca-
tions during January and June 2014 is presented in Fig. 2.
The soil is clay loam, black, non-calcareous and acidic.
The pH was in the range 4.8—5.7 in January and the range
was wider in June. EC ranged from 0.05 to 0.29 dS/m.
OC was in range of 4.1-5.2%. Na in soil was in the range
of 0.09-0.4 mg/g. Mg and Ca were 0.49-7.4 and 1.6—
9.8 mg/g respectively. The ranges in concentration of pri-
mary macronutrients N, P and K were 212-451, 30-99
and 85-250 kg/ha respectively. The micronutrients Cu,
Zn, Fe and Mn were 3.4-8.5, 1.0-3.0, 2.0-3.0 and 9.0-
17.7 ppm respectively.

Of all the parameters given in Table 1, as per Wilcoxon
signed-rank test significant rise was seen in pH, EC, P, K,
Zn, Fe and Mn from January to June. In contrast, from
January to June N, Cu, Ca, Mg, OC and Na showed sig-
nificant fall. With respect to the locations, Kruskal—Wal-
lis test showed higher pH, EC, Fe and Mn in January in
the downstream location. Ca was significantly high in the
downstream location whereas N, K, Cu, Zn, Mg, OC and
Na were higher in the town. P was significantly higher in
the upstream. In June, Kruskal-Wallis test showed sig-
nificantly higher pH, N and Ca while lower P, Mg and OC
in the downstream location. In June, EC, K, Cu Zn, Mn
and Na were significantly higher in town and Fe in the
upstream location.

The matrix of correlations among the 13 variables for
January and June is given in Table 2. In January and June,
pH and EC showed significantly positive correlations
with each other and with K and Mn, while their corre-
lation was negative with P. Mg and Fe showed positive
correlation with pH in January and negative correlation
in June. EC showed negative correlation with N, both
in January and in June. OC was positively correlated
with Mg, Cu and Zn and negative with Ca. OC showed
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interesting relation with N and P in January, N positive
and P negative, and vice versa in June. N in June showed
negative correlation with K, Na and micronutrients while
as in January it was positive with Cu, Zn and negative
with Fe. P was negative with K, Na and Mn in both the
seasons though it was opposite in the case of Mg and Ca.
K was positive with Cu, Zn and Fe and opposite with Mg

from January to June. Mg was positive with Fe and nega-
tive with Ca that was found negatively correlated with
Cu. Among micronutrients, only Cu was found positively
correlated with Zn in both the seasons.

Data collected from government records for the period
2000-2012 showed area under rice, wheat and maize and
their respective yields to be insignificantly correlated with
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Table 1 Results of the Wilcoxon signed-rank test to examine significant difference in the parameters of the soil sam-
ples collected in January and June and Kruskal-Wallis test to examine the significant differences based on locations-

upstream, town and downstream

Parameters \' P< KS-January samples KS-June samples
Chi square df P< Chi square Df P<

pH 0 0.01 23.1782 2 0.01 18.0717 2 0.01
EC (dS/m) 21 0.01 222753 2 0.01 17.7693 2 0.01
OC% 361 0.01 13.7402 2 0.01 17.9528 2 0.01
N (kg/ha) 317 0.01 23.1499 2 0.01 20.7723 2 0.01
P (kg/ha) 0 0.01 20.8954 2 0.01 19.5916 2 0.01
K (kg/ha) 74.5 0.05 20.8954 2 0.01 23.2564 2 0.01
Na (mg/g) 2925 0.01 0.868 2 0.1 16.3159 2 0.01
Mg (mg/q) 378 0.01 13.7311 2 0.01 12.8907 2 0.01
Ca (mg/q) 378 0.01 7.0301 2 0.05 8.5446 2 0.05
Cu (ppm) 346.5 0.01 22.254 2 0.01 23.2208 2 0.01
Zn (ppm) 27 0.01 18.0717 2 0.01 23.285 2 0.01
Fe (ppm) 835 0.01 11.6722 2 0.01 23.1924 2 0.01
Mn (ppm) 0 0.01 21.1022 2 0.01 23.2066 2 0.01

KS Kruskal-Wallis test, V Wilcoxon signed rank test, df degree of freedom and P significance

year. Average annual yield of rice, maize and wheat was
1.8,2.07 and 1.7 ton/ha from 2000 to 2012 (Digest of Sta-
tistics 2012). Inputs of both N and P fertilizer were found
increasing significantly along the years, unlike the case
of K that did not show any such change. The correlation
matrix between area under cultivation and yield of rice,
maize and wheat showed significant positive correlation
for rice, negative for wheat and insignificant correlation
for maize indicating perhaps the flawed dataset published
by the concerned government agencies (Table 3). Cor-
relation of N-P-K fertilizer input with rice, maize and
wheat yield was also found insignificant (Table 4), which
further raises doubt on exactness of the dataset. Areas
under rice, wheat and maize cultivation, their respective
yields and fertilizer inputs in the district for the past dec-
ade are shown in Additional file 1: Figures S2, S3.

Discussion

Soil fertility is a key component in its productivity and
quality (Subba Rao and Sammi Reddy 2005). Despite
agriculture being a prime component in Indian econ-
omy, regional database on essential nutrients in most of
the areas in the country is incomplete. Soils in Himalaya
are characterized by shallowness, stoniness and limited
development (Gupta and Tripathi 1996). Massif of Hima-
layan region is young and geo-morphologically unstable
and is the source of major river systems of India (Sharma
and Rai 2004). Himalayas contributes mainly to run-
off and sediment load in major rivers of South Asia. Of
the sediments delivered to the world oceans, 80% comes
from “Asian water towers’, the Himalayas, from where

the major Asian rivers originate (Chorley 1969; Immer-
zeel et al. 2010). Compared to the geological past the
rates of erosion have increased five times (Singh et al.
1983; Rai and Sharma 1998). Rajouri falls in Western
Himalaya wherein agricultural fields are lying adjacent to
the riverbanks and climate change has augmented cata-
strophic floods in the region causing a rise in soil and
nutrients loss (Sharma and Rai 2004; Editorial 2015).
The agricultural fields from where soil samples were
taken lie adjacent to the Munawar Tawi and its tributar-
ies, and are susceptible to flooding especially in years of
high annual rainfall. Otherwise, also water from the river
is used for irrigating the field. However, during sampling
these areas were neither flooded nor irrigated and was
completed in a drained condition. Rajouri also falls in
high seismicity area; therefore, the problem of erosion
and even landslides is further acute. Erosion renders the
soil unfit to cultivation, and hence establishing dataset on
essential nutrients is vital to identify appropriate man-
agement measures for sustainable and profitable agricul-
ture. Land conversation from forest to agriculture and
then to housing or commercial sectors in Rajouri further
degrades the available soil, nutrient contents, and fertil-
ity. Most of Rajouri is mountainous and falls under vul-
nerable region (Xu et al. 2009) due to climate change. In
terms of primary economic activity, in Rajouri 70-80% of
the people are into agriculture, higher than the national
average that is only 58% (Digest of Statistics 2012; India-
Brand-Equity-Foundation 2015). Of the major crops
in the state (rice, wheat, and maize) the productivity of
rice increased from 1057 to 1842 kg/ha and wheat from
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Table 2 Correlation matrix of organic and inorganic contents in agricultural soil in the floodplains of Munawar Tawi dur-

ing January and June 2014

pH EC ocC N P K Na Mg Ca Cu Zn Fe Mn

January

pH 1

EC 0.845° 1

oC —0.297 —0.027 1

N —0.754°  —0.388° 0.726° 1

P —0437°  —0709° —0521° —0.108 1

K 0472° 0.711° 0.588° 0173 —0.890° 1

Na 0 0.226 0.098 0.049 —0440° 0.125 1

Mg 0.507° 0.556% 0432°  —0172 —0.757° 0.629° 0.341 1

Ca 0.178 0151  —0389° —0293 0440° —0245  —0.189 —0426° 1

Cu —0473 —0.104 0.896° 0808  —0.509° 0436° 0.285 0.25 —0416° 1

n —.0.104 0.286 0613° 0.555*  —0.641° 0612° —0.044 0326 —0.405° 0.693° 1

Fe 0.641° 0.552* —0362 —06667 —0.301 0.03 0.450° 0.591*  —0.037 —0368 —0.175 1

Mn 0.858° 0.889°  —0.002 —0.363 —0.537°¢ 0679° —0.027 0.466° 0.187 —0.209 0.141 0427° 1
June

pH 1

EC 0470° 1

oC —0.555° 0.297 1

N —0.166 —0.762°  —0.635° 1

P —0977%  —0414° 0.562° 0.139 1

K 0.644° 0.887° 0.245 —-0815°  —0.604° 1

Na 0.608° 0.816° 0.154 —-0589* —0.577° 0.813° 1

Mg —0.769°  —0.243 0504  —0.055 0.789° —0395° —037 1

Ca 0450° —0.186 —-0.610° 0325 —0531*  —0.037 —-0208 —0.770° 1

Cu —0.2 0.664° 0871%  —0.848° 0.25 0613° 0.403° 0.272 —0.523° 1

n 0.346 0.889° 0.539* —-0911° —0289 0.936° 0.720° —0.148 —0.26 0.848° 1

Fe —0.726° 0.194 0917  —0475° 0.766° 0.039 —0.082 0647*  —0.650° 0.811° 0.384° 1

Mn 0.832° 0.844°  —0.056 —-0612¢ —0.781° 0.925° 0.826° —0.518° 0.084 0334 0769° —0252 1
OC organic carbon, EC electrical conductivity
@ Correlation is significant at p < 0.01 level
b Correlation is significant at p < 0.05 level
Table 3 Correlation between area under cultivation Table4 Correlation matrix between fertilizer input
of rice, maize and wheat and their respective yields with yield of rice, maize and wheat
Year Area Year Yield
2000-2012 Rice Maize Wheat 2000-2012 Rice Maize Wheat
Yield Fertilizer

Rice 0.853** N —0.334 —0.01 —0.079

Maize 0.561 p —0.371 —0.122 —0.11

Wheat —0.677* K 0.15 —0.185 —0.229

* Correlation is significant at p < 0.05 level
** Correlation is significant at p < 0.01 level

675 to 1701 kg/ha from 1964 to 2011 and 1964 to 2012
in Jammu region within which the study area falls. Agri-
cultural fields, largely free of anthropogenic pollution for

there are no industries and urban centers in its upper
reaches, receives sewage and domestic wastes only on
reaching the Rajouri town. These wastes (Sewage, domes-
tic and commercial) dumped directly into Munawar Tawi
at Rajouri town, could possibly enter only nearby and
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downstream agricultural fields. Thus, studies in future
need to address these aspect along with varying levels of
nutrients, in the precincts of the town due to its growing
population and consequent economic activities, and its
possible consequences.

In the present study, pH, EC, primary and second-
ary macro and micronutrients vary significantly across
seasons, localities and stage of the crop. Similar obser-
vations have been reported from studies elsewhere (Tro-
elstra et al. 1990; Wang et al. 2014). This can be due to
differences in the uptake of nutrients by the crops during
growing and harvesting periods, rate of fertilizer inputs
and other natural seasonal variations (Gornall et al. 2010;
Turner et al. 2013). In January, the water flow of Muna-
war Tawi is lower than in June. Increase in pH, EC, Fe and
Mn towards downstream could be due to discharge of
waste from the town and adjacent areas. Higher amount
of N, K, Cu, Zn, Mg, OC and Na in the town area could
be mainly due to municipal/domestic wastes released in
the area. However higher flow of water could be leading
to inflow of N from the agriculture fields in downstream
locations. Ca and pH are higher in downstream location
in June as well. For some of the elements, natural sources
may be significant contributors, being released from the
withering of the substratum and the banks. The rocks
in the catchment area belong to murree group (Cen-
tral Ground Water Board, Government of India 2013).
P decreases in both seasons in the downstream due to
lower release of detergents and wastewater in the down-
stream areas than town. Although changes in the above
nutrients have been seen with seasons and localities in
the present study, it does not allow specifying if the nutri-
ents are varying due to crop rotation, fertilizer inputs,
weather or any other physical processes. A robust dataset
on pedological aspects, crop yield and area under major
crops cultivated in Rajouri can be valuable as the baseline
for an integrated approach to sustain nutrients balance in
near future (Kumar et al. 2011).

Rice is the staple food of about 50% of the world
population with a production of 618.4 million metric
tons (MT) annually (IRRI 2005). Asia contributes 556.2
million MT annually in which India produces 140 mil-
lion MT (MAC 2007). For various reasons, yields of
rice, maize and wheat has increased worldwide during
the past couple of decades (Khush 2005; Burch et al.
2007; Roberts 2009; Godfray et al. 2010). Average yield
of rice/hectare in Rajouri was lower than the average
for the whole India during 2000-2011 (Government of
India 2010). During 2011-2012, average yield of maize
in Rajouri was higher than that of India (Yadav 2015);
whereas average yield of wheat is lower than the Indian
average (Government of India 2015). In Rajouri, crop
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yield as well as area under cultivation showed insignifi-
cant change from 2000 to 2012. However, the correla-
tions observed in the case of present data between area
under cultivation and vyield, especially in the case of
maize and wheat, questions the veracity of the official
dataset. In the case of wheat, with the increase in the
area under cultivation the yield is seen declining sig-
nificantly and that possibly points to the faulty dataset
consolidated and published by the government agencies,
and the lack of care in preparing such a vital database.
In order to improve and sustain the agriculture sector, a
robust dataset is required. In Himalayas, despite increas-
ing threats to agriculture sector due to changing land
use practices, fertilizer consumption pattern and climate
change, the dataset published by government agencies is
apparently inadequate.

Rice yield is declining in India due to injudicious use of
fertilizers (Ladha et al. 2003, 2005). In the case of Rajouri
district, even after significant increase in addition of N and
D, rice in the yields of rice, maize and wheat are insignifi-
cant. Incidentally, it is to be noted that higher addition of
N and P could also lead to deficiency of K and micronutri-
ents (Singh 2008; Wang et al. 2014). The prescribed usage
of N fertilizer in the crop vary but on an average it is 50 kg/
ha (Digest of Statistics 2012) lower than in plains (80 kg/ha,
Parihar 2004). It has been also reported that adding N, while
increases productivity in the early stages, later exhausts
nutrients and hence cannot sustain yield by adding even P
(Kanwar and Randhawa 1974; Singh 1988, 2008). Studies
from northwestern India also reports decline in agriculture
due to falling soil fertility, change in water table, increasing
salinity, pest resistance to pesticides and degrading quality
of irrigation water (Sinha et al. 1998; Tiwari et al. 2009).

Globally climate changes have grave implications on
agricultural productivity, although the aggregate impact
is not yet known (Gornall et al. 2010). The impacts on
crop productivity vary at local to regional scale depend-
ing on the climate scenarios such as rising temperature,
CO, and their interactions (Mall et al. 2006). Change in
temperature and precipitation patterns also influence
soil water content, run-off, erosion, biodiversity, organic
carbon and nitrogen (Mall et al. 2006). Impacts also vary
based on crops, level of agronomic management, region
and season (Mall et al. 2006; Lobell and Burke 2009).
Globally growing competition for land, water and labor
from non-agriculture sectors poses a threat to the agri-
culture (Kumar et al. 2011). Adoption of improved soil
management practices and soil restoration in view of cli-
mate change is vital to achieve global food security (Lal
2009). Hence, region-specific studies on soil problems,
especially in vulnerable regions such as Himalayas are
wanted.
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Conclusion

The study presents information on the soil characteristics
in crop fields in Rajouri town, its upstream and down-
stream locations. Soil in the area is clay loam, black, non-
calcareous and acidic. Statistical tests showed nutrients
varying across seasons and locations significantly. Linear
regression showed changes in area and yield under rice,
wheat and maize to be insignificant during 2000-2012
whereas inputs of N and P fertilizer increased during the
same period significantly. Increasing addition of N and P
may lead to a deficiency of micronutrients in near future.
The correlation matrix between areas under rice, wheat
and maize with their respective yields gives contradic-
tory results (significantly positive relation for rice and
negative in the case of wheat), which raises doubt on the
veracity of the dataset published by government agencies.
Insignificant relation between increasing N, P fertilizer
input and yields of rice, maize and wheat, contradicts
with studies reported elsewhere and widely accepted
conclusions, again casting doubt on official data. The pre-
sent study highlight need for generating data on crops
and yields that are more authentic for the western Hima-
layan area. This is a study first of its kind providing base-
line data on soil characteristics in Western Himalayas, a
highly vulnerable region for climate change impacts.
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