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Variations in soil physico-chemical properties were examined along the two different
environmental settings, including rural and urban type, in order to find out the effect of
anthropogenic influences of urbanization on soil properties like bulk density and basic
chemical properties including pH, conductivity, total phosphorus, exchangeable Na and K,
soluble Ca and Mg, organic carbon, and total nitrogen. The soil physico-chemical properties
varied considerably along the two landscape types. Urban areas were having higher
temperature (soil and air) than rural setup. The data depicted that soil properties were
affected by urbanization as urban soils where slightly acidic, also with higher content of the
chloride, and phosphates which was mainly due to the domestic wastes and sewage inputs at
the setup. The organic matter and so the ions (Ca, Mg, Na, and K) were higher at rural soils
indicating their good structural stability. A more thorough understanding of these variations
and their factors is an essential first step towards developing soil management strategies, and
should be imposed to maintain the soil quality in the valley was the recommendation
prescribed.

INTRODUCTION
Soil as an important component of the lithosphere and biosphere,
is a vital natural resource on which the life supporting systems and
socio-economic development depends (Pouyat et al., 2010). Soils
form the foundation for many ecological processes, interactions,
such as nutrient cycling (Groffman et al., 2006), distribution of
plants and animals (Pouyat et al., 2007), moderating the
hydrologic cycle through absorption, storage, and supply of water
(White and McDonnell, 1988), and ultimately location of human
habitation (Lehmann and Stahr, 2007). Soil acts as an important
reservoir of nutrients and moisture (Schlesinger, et al., 1990),
heavy metals (Yesilonis, et al., 2008) as a result its quality has
significant influence on the health and productivity of an
ecosystem and the related environment (Larson and Pierce, 1991).
Of particular interest are urban soils, which provide numerous
ecosystem services that could be potentially compromised by
urbanization (Dobbs et al., 2011; Hagan et al., 2012). Although
soils in urban and urbanizing landscapes are predominately altered
by human activity than rural soils (Pouyat et al., 2010), and are of
low fertility (Craul, 1992), they provide many of the same
ecosystem services as unaltered soils from rural areas (Effland and
Pouyat, 1997). Specifically, urban soil bulk density (Jamshidi and
Tayari, 2013), soil microbial biomass and activity (Zhu and
Carreiro, 1999), and soil organic matter quantity and quality have
been studied and found to be affected by urban conditions (Pouyat
et al., 2007). Urbanization often coincides with the clearing of
vegetation, and the changes in vegetation can cause shifts in the
soil properties, because individual plants concentrate biomass in

soils beneath their canopies and modify biogeochemical processes
occurring in the soils (Schlesinger et al., 1990).

Analysis of soil provides environmentally significant information
and its characterization is needed for understanding the natural
and anthropogenic influence on it. When the human societies
become increasingly urbanized, fewer people have intimate
contact with the soil, and individuals tend to lose sight of the
many ways in which they are dependent upon soils for their
survival and prosperity. Our reliance on soil resources will
increase rather than decrease, day by day. As the river Jhelum is
the life line of Kashmir, the dense human settlements, and
commercial establishments have come along the river banks,
resulting in rapid urbanization. Thus the understanding of soil
chemical reactions and processes is essential for developing
innovative resource management strategies, planning for
remediation and understanding and regulating the behavior of the
terrestrial ecosystem at regional and global scales. Many soil
studies have been carried out in the valley (Jehangir et al., 2012;
Ashraf et al., 2012), but measly information is available on the
effect of urbanization on soil physic-chemical properties.
Therefore this study was undertaken to study and compare the
physico-chemical characteristics of rural and urban soils along the
river Jhelum in order to make a distinction between the two soil
systems and to find out the effect of anthropogenic activities on
the physico-chemical characteristics, as Physico chemical
properties are indicators of soil quality of an area (Oliver et al.,
2013).
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MATERIALS AND METHODS
To carry out the study, a total of four study sites were selected
along the river gradient (approx. 40 km stretch) and being visited
once a month (June to November 2011) (Table 1). Out of the four
sites two were selected in rural area and two in urban. The stations
at rural setup were characterized by rural type of residential
settlements, agricultural fields (rice, mustard) and trees of
different species especially of populous and Salix. The urban
landscapes included residential yards, commercial setup, street
tree plantings, and parks. Composite samples were obtained,
from each site, randomly at a depth of 0-15 cm with the help of
soil corer. Temperature measurements were done right at the site.
After, packing in air tight polythene bags, samples were
transported to the laboratory, immediately analyzed for moisture
content, then air dried, grinded and sieved through the 2 mm
sieve. Conductivity and pH were determined by digital
conductivity meter (Conductivity Meter, model: CD 601; pH
Meter, Model: 101 E) using 1:2 soil-water (w/v) suspension. Bulk
density was estimated by weight by volume method (Black and
Hartge, 1986). Texture was determined by sedimentation method
using Sodium Hexametaphosphate as dispersing agent. Chloride,
carbonate, bicarbonate, calcium and magnesium were determined
by the titrimetry methods described by Page et al., (1982). The
organic carbon and organic matter were determined by rapid
titration method (Walkley and Black, 1934). Sodium and
Potassium were determined by flame photometerically. Total
Nitrogen and Total phosphorous was estimated by using Kjeldahl
method (Bremner and Mulvaney, 1982) and Perchloric acid
digestion method (Olsen and Sommers, 1982) respectively.

RESULTS AND DISCUSSION
Air temperature was found high at the urban areas as compared to
rural areas (Fig.2). The mean air temperature observed was 18.90C
and 20.50C in rural and urban areas respectively. It has been found
that usually urban areas are having 5-70C high temperature than
rural because of less vegetation and more concrete (Zipperer et al.,
1997). Along with the air temperature, the soil temperature was
also found to be high in the urban soils as compared to rural soils.
Inverse relation between the soil temperature and moisture was
found wherein the moisture content was high in rural soils as
compared to urban soils (Fig.2).

The higher value of moisture and low soil temperature recorded at
rural sites was attributed to dense vegetation cover at the setup,
which results in lesser amount of radiation to receive at surface
and consequently low evaporation of soil moisture and vice versa
for the urban setup (Brady and Weil, 2002). Entire study area was
fallen under four different textural groups (Table 2).

The soils were texturally more of loam. There was more slit
fraction in rural soils than urban areas, where sand was high in
urban stations. The resulted texture could be attributed to the
parent material from which the soils are formed (Tuckwell et al.,
2008), or land uses as well as rainfall characteristic that promote
leaching of silt and clay fractions and retention of sand, because of
less vegetation (Haque et al., 2007). Closely related to texture is
bulk density, was found to be highest at Tengpora (1.51g/cm3) in
the month of July, while it was the lowest at Aramwari
(1.15g/cm3) in the month of October (Table 2). It was found that
bulk density increased from June to July and then again decreased
towards November at all stations. This was attributed to the
changing patterns of land use as well as increased anthropogenic
pressure and compaction, towards summer than winter. In general,
sandy soils have less aggregation and higher bulk densities (Brady
and Weil, 2002; Taylor and Ratliff, 2006), but the soils with low
sand and high slit was found to have higher bulk density, this
anomaly may be attributed to more compaction due to
construction activities at the setup, as soil compaction increases
bulk density by reducing total pore volume and increasing the
percentage of small pores (Pouyat et al., 2010; Jamshidi et al.,
2013).

The range of pH in rural and urban setup was 7.4 to 6.9 and 7.4 to
6.1 respectively (Table 3 and 4). Mean pH at three sites was found
to be alkaline, except for the site IV (Qamarwari), where slightly
acidic pH was observed. The low pH at the site IV was attributed
to discharge of effluents (sewage, commercial wastes and other
solid wastes) from surrounding areas, which cause decrease in pH
of soil.

Fig. 2 Relation between mean air temperature, soil temperature and soil
moisture

Table 1 Description of the study sites
STATION→ Rural Urban

Location Marwal (S1) Tengpora (S2) Aramwari (S3) Qamarwari (S4)
Latitude 33o 58' 45ꞌꞌ N 34o 07' 47ꞌꞌ N 34o 04' 9ꞌꞌ N 34o 05' 35ꞌꞌ N

Longitude 74o 54' 16ꞌꞌE 74o 43' 11ꞌꞌ E 74o 50' 20ꞌꞌ E 74o 46' 45ꞌꞌ E
Altitude (m) 1602 1571 1595 1566

Table 2 Mean values of soil Bulk density, soil moisture and associated measurements of texture during
four months from two different landscapes

Site BD (g/cm3) % moisture Texture % Sand % Slit % Clay

Rural
Marwal 1.33 16.7 Loam 50 37 13

Tengpora 1.4 17.8 Silt loam 25 68 7

Urban
Aramwari 1.3 16.3 Sandy clay loam 52 27 21
Qamarwari 1.31 15.6 Loam slit loam 40 50 10
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Table 3 Variation of Physico-chemical properties at rural stations
Air temp

(0C)
Soil Temp.

(0C) pH
Conductivity

(µs/cm)
Organic

carbon (%)
Organic

matter (%)
Total nitrogen

(µg/g)
Total

Phosphorous (µg/g)
Calcium

(meq/100g)
Magnesium
(meq/100g)

Sodium
(mg/kg)

Potassium
(mg/kg)

Chlorine
(meq/100g)

Jun-2011
Marwal 22.0 16.5 7.32 110 2.7 4.65 0.12 376 0.8 0.32 96 109 0.04

Tengpora 22.8 17.5 7.32 170 2.6 4.48 0.27 376 0.64 1.08 116 125 0.16
Jul-2011
Marwal 25.0 20.2 7.1 150 3.2 5.52 0.16 394 2.44 1.00 116 124 0.64

Tengpora 24.0 21.1 6.96 400 2.9 4.99 0.34 367 2.64 1.04 132 153 0.8
Oct-2011
Marwal 14.5 9.6 7.41 230 1.9 3.34 0.2 353.8 2.56 1.12 118 125 0.56

Tengpora 15.0 8.1 7.41 300 2.5 4.31 0.35 509.5 3.68 1.76 128 152 0.12
Nov-2011
Marwal 14.0 7.5 7.21 240 1.6 2.76 0.13 646 3.04 0.96 92 117 0.50

Tengpora 15.2 8.4 7.42 290 2.1 3.62 0.31 585 3.68 1.12 112 145 0.64

Table 4 Variation of Physico-chemical properties urban stations
Air temp

(0C)
Soil Temp.

(0C) pH Conductivity
(µs/cm)

Organic
carbon (%)

Organic
matter (%)

Total nitrogen
(µg/g)

Total phosphorous
(µg/g)

Calcium
(meq/100g)

Magnesium
(meq/100g)

Sodium
(mg/kg)

Potassium
(mg/kg)

Chlorine
(meq/100g)

Jun-2011
Aramwari 22.1 18.1 7.31 250 2.5 4.31 0.25 349 1.28 0.32 112 114 0.16
Qamarwari 24.0 19.3 6.11 260 1.5 2.59 0.23 536 0.16 0.48 94 119 0.64
Jul-2011
Aramwari 26.6 22.5 7.23 190 2.7 4.68 0.29 363 2.16 0.8 106 134 0.8
Qamarwari 27.5 23.2 6.91 360 1.2 2.07 0.3 571 1.44 1.04 117 143 1.12
Oct-2011
Aramwari 16.0 10.4 6.91 360 2.2 3.79 0.23 369 3.68 1.28 117 134 1.12
Qamarwari 15.2 11.3 6.71 440 1.3 2.24 0.21 574 2.52 1.24 114 143 1.12
Nov-2011
Aramwari 14.2 8.5 7.41 300 1.3 2.22 0.15 573 3.84 0.96 96 126 0.64
Qamarwari 15.4 9.3 6.51 390 1.0 1.66 0.18 591 0.88 1.28 106 135 0.96
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Also the acidity could be attributed to the acid parent material
from where the soils are formed and the mineralization of organic
wastes which releases organic acids, which are leached down the
profile (Ndukwu et al., 2013). Monthly it was found that pH
decreased from June to July and the again increased towards
November, this possibly may be due to rise/fall in temperature,
resulting increase/decrease in CO2 concentration,
increase/decrease in microbial activity and organic matter
accumulation/decomposition in soils (Sivasankaran et al., 1993).
This fact is statistically supported by correlation between the pH,
which was found to be negatively correlated with both air and
temperature. Estimated Electrical conductivity values indicated
that major ionic matter was present at the rural stations as
compared to urban ones. Electrical Conductivity was recorded
highest at site IV (440µs/cm) in the month of October, while it
was lowest at site I (110µs/cm) in the month of June (Table 2,3).
The average ranged from 182µs/cm to 363µs/cm. Monthly it
increased towards July and decreased towards the chill, which
may be due to decomposition of soil organic matter at higher
temperature. Soil organic carbon content varies widely within and
between soil types and is the most important factor of soil quality
and fertility. The mean organic carbon from rural and urban soils
was found to be 2.4% and 1.7% respectively, whereas the mean
organic matter from rural and urban areas was 4.2% and 2.9%
respectively (Table 3,4).

The highest amount of organic content at rural areas may be
attributed to the dense vegetation, rich litter deposition and due to
low mineralization caused by a relatively lower temperature under
the shade of dense trees. And the urban areas had less vegetation
cover, as well as human activities at large scale (e.g. construction
activities, commercial activities etc.), Because of which there
occurs the reductions in soil organic matter (Jim, 2003). Moreover
the stress effects of the urban environment on soil decomposers
and primary producers can significantly affect the quality of
organic matter and subsequent soil processes (Pouyat et al., 1997).
Level of organic carbon greater than 0.75% indicates good
fertility (Ghosh et al., 1983), thus soils at both the systems have
good fertility status. The mean values of chloride indicate that the
maximum concentration was in urban sites as compared to the
rural ones, the highest being at site IV (1.0±0.2meq/100g), and
lowest at site I (0.4±0.2meq/100g). The higher content of the
chloride in urban soils was attributed due to the domestic wastes
and sewage present at the said sites, which has the potential to
increase the chloride content (Cole, 1975). Monthly the chloride
content was found to be higher in July and low in November,
which could be attributed with increased quantities of wastes
released in summer as compared to winter. Soil total Nitrogen was
found in the range of 0.1 to 0.35 mg/kg and 0.18 to 0.38mg/kg at
rural and urban sites respectively. Site wise it was found that site
II had maximum content 0.3±0.01mg/kg and site I was having
lowest content (0.15±0.04mg/kg). Nitrogen has been found to be
released from decomposition of organic matter (Peterson et al.,
1998). Therefore higher nitrogen content at site II was attributed
to high organic matter content.

But despite of higher organic matter content at site I nitrogen
content was found low, which could be attributed with the lower
temperature (Soil and air) at the site resulting in the decreased
decomposition and less mineralization. The higher nitrogen
content at urban sites as compared to rural sites despite of less
vegetation was attributed to the sewage and other nitrogenous
wastes at the sites (Bobbink et al., 2010). Total phosphorus ranged

from 354 to 585μg/g and 349 to 591μg/g at rural and urban sites
respectively. Site-wise, the averages phosphorus was found
highest at site IV (568µg/g) and lowest site III (413.5 µg/g) in the
month of October (Table 3 and 4). The comparatively higher
phosphorus concentration at the site IV could be attributed to the
domestic and commercial phosphate rich wastes discharged into
the site, which have the potential to increase the phosphorus
concentration in soil (Angin et al., 2012). Among the cations,
calcium and potassium were found dominant over the Magnesium
and Sodium the overall cationic order being K > Na > Ca > Mg.
Soluble calcium and magnesium content ranged between 0.16 to
3.8 meq/100g and 0.3 to 1.7 meq/100g  respectively. While
sodium and potassium varied from 92 to 132mg/kg and 109 to
153 mg/kg respectively. The higher content of cations was found
in rural stations as compared to urban ones. This was due to the
relatively higher organic matter, and dense vegetation at the setup,
and as a result of the nutrient recycling and organic matter
decomposition cations are returned to soil by the pumping action
of vegetation (Sonakar, 2004). Increase in content of Ca and Mg
from June to July at all sites may be due to increase in both soils
as well as air temperature, which in turn favor weathering,
biological activity, erosion and allocthonous inputs (Ouimet and
Duchesne, 2005; Hamza, 2008).

CONCLUSION
Physico-chemical, properties were modified by a significant
disturbance at urban stations as compared to rural one. Results
obtained in this study have shown that urban soils were having
high soil temperature and low moisture.  It was found that the
urban soils have slightly acidic character. Soils at both systems
were found with varying texture. The electrical conductivity and
hence the ions were abundant in rural areas as compared to urban
ones with overall cationic order being K > Na > Ca > Mg.
Vegetation played a very important role in organic matter
distribution, being highest in rural areas. With the entry of wastes
and sewage at the urban sites the phosphate, nitrogen and chloride
level was found to be high than rural ones. Utmost care should be
taken during the land use management plans and proper sewerage
system should be constructed in the affected areas. Also further
studies should be conducted to evaluate the effects of urbanization
on soil properties in the valley.
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