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ABSTRACT 
Background Vanhar valley is located in district Chakwal, and has not been 
completely explored previously for the diversity of vegetation. Present study 
was conducted to assess the effects of seasonal and spatial changes on soil 
physico-chemical characteristics and nutrient availability in Vanhar valley.  
Methodology Six ecologically diverse sites were evaluated by taking soil 
samples from rhizosphere and analysing them for various soil characteristics. 
The data was analysed by applying Canonical Correspondence Analysis using 
XLSTAT 2010 add-in in MS Office 2007. 
Results The biplot obtained from Canonical Correspondence Analysis of soil 
characteristics showed significant (p ≤ 0.05) variation in soil physicochemical 
characteristics attributable to different sites and seasons. In hilly areas, top and 
base contained higher, whereas, slopes contained lower organic matter and 
nitrogen (N) contents. Among the nutrients, most of the macro and micro 
nutrients were found closely associated with site-6. Temporal variation 
showed close association of organic matter and N with autumn and winter 
seasons. Soil pH increased during summer while, electrical conductivity of 
soil was closely associated with autumn and winter seasons. Organic matter 
and available N showed more association with Dodonaea viscosa dominant 
sites where grazing is common, as addition of plant litter and animal wastes 
contributed to these parameters. Organic matter and available N were also 
affected positively by falling leaves during autumn and winter. The 
availability of macro and micro nutrients was strongly influenced by soil pH 
which was also affected by the intensity of rainfall.  
Conclusion There was a strong correlation between soil pH and the 
availability of macro and micro nutrients, suggesting that the availability of 
macro and micro nutrients would be high in the soils having low pH making 
such soils suitable for the growth of many herbs.

INTRODUCTION 
 
Soil and vegetation are interrelated as they develop 
together over a long period of time. Many biotic and 
abiotic factors affect the soil properties including 
spatial gradients of acidity, total ion contents, carbon 
(C), nitrogen (N), phosphorous (P), potassium (K), 
sulfur (S), calcium (Ca), magnesium (Mg) and 
micronutrients such as copper (Cu), iron (Fe), zinc 
(Zn), manganese (Mn) in soil (Ahmad et al. 2008; 
Rehman et al. 2015). It has been reported that soil 
acidity, C and N increased along the altitudinal 
gradient. However, no relationship is found between 
elevation and ion contents. Climate can affect 
nutrient availability indirectly through plant 
community composition, weathering rate, 
temperature and soil moisture (Singh et al. 1986; 

Benayas et al. 2004). The nature of soil is influenced 
by the physical constitution of soil including size 
and shape of soil particles as well as development of 
soil structure (Jongmans et al. 2001). The physical 
properties of soil usually play a crucial role in 
increasing soil fertility and controlling the rate and 
style of erosion (Rehman et al. 2015). Moreover, the 
nutrient status of the soil is determined by the 
physicochemical properties of soil, which vary 
according to the nature of the climate, parent 
material, physiographic position and the type and 
amount of vegetation (Behari et al. 2004). 

Soil texture determines the rates of water 
absorption, water storage in the soil, amount of 
aeration and the ease of tilling the soil.  Soil texture 
also plays its part in controlling the soil fertility 
through its impact on the nature and amount of
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minerals. Likewise, soil color is controlled by many 
factors including amount and decomposition of 
organic matter, type and amount of soil minerals, 
concentration and composition of salts.  The surface 
layer of the soil is usually darker in color because it 
contains a higher content of organic matter (Sharma 
et al. 2010). For water holding capacity, the soil 
texture is an important determinant. Soil texture 
expresses how well a particular type of soil holds the 
water. Water is allowed to enter as well as pass away 
through the sandy soils more briskly. In comparison 
to other textures of soil, sandy soils warm up 
instantly and cool very soon, thus posing a negative 
impact on habitat for plant growth. Kumar et al. 
(2002) reported that the capability of soil to retain 
water is affected mainly by soil type, soil 
mineralogy and organic matter content. 

Microorganisms serve as decomposers and 
require an intermediate level of moisture to work 
efficiently in the decomposition of organic matter. 
Soil moisture level higher or lower than a specific 
level reduces the microbial activities because high 
moisture level leads to anaerobic conditions while, 
low moisture contents slow down the microbial 
metabolism (Groffman et al. 1996; Kumar et al. 
2002). A change in seasons has no significant effect 
on field capacity and soil sodium (Na+) content. 
However, in summer, P and N contents are 
significantly higher. Soil K content and electrical 
conductivity (EC) are higher in winter, whereas soil 
pH increases during spring season. It has been 
reported that clay loam soil with high vegetation 
cover has higher P and K contents. A strong 
correlation is also found between parent material of 
the soil, frequency and intensity of rainfall, 
vegetation of the area and nutrient availability of soil 
(Ahmad et al. 2011).Vegetation also, in turn, affects 
the physical properties of the soil by improving 
water holding capacity, soil structure, infiltration 
rate, hydraulic conductivity and aeration (Ilorker 
and Totey 2001). Sharma et al. (2010) reported that 
the relation between soil and vegetation is a valuable 
aspect for determining the quality of natural 
ecosystems. 

Vanhar valley (32 º 39’19.83” N, 72 º 32’46. 
75” E) is located in district Chakwal which lies at 
the beginning of the Potohar plateau and the Salt 
Range. Its terrain is mostly hilly. The average 
temperature during winter normally ranges between 
-4°C and 25°C, while in summer, the average 
temperature is between 15°C and 40°C, and the 
average rainfall is 22 to 25 inches (Ahmad et al. 
2009). The vegetation of Vanhar valley is a mainly 
scrub type which varies at different micro and macro 
climate within Vanhar valley.  In present study, it 
was hypothesized that the soil is the major 
determinant of the vegetation of Vanhar valley and 
its properties also changed in different seasons with 
the addition of certain biotic materials. Therefore, 
the present study was conducted to explore the 

spatio-temporal variations in the physicochemical 
properties of soil which could be responsible for 
controlling the vegetation composition of Vanhar 
valley.  
 
MATERIALS AND METHODS 
 
Six representative sites of the valley were selected 
on the basis of differences in their topographic and 
environmental attributes, especially variations in 
elevation, soil composition, vegetation type, slope 
aspect and orientation, altitude and topography. 
Among these six sites, two sites were small valleys 
in between the different geographic ranges i.e. one 
is at Dar-ul-Irfan Hills and the second is at Munarah 
Hills, two sites were on the slope while two sites 
were at the Hill tops (Table 1, 2, 3). Soil samples 
were taken from rhizosphere at a depth of 30 cm 
from all the six sites throughout the year with a 
regular interval of three months, and analyzed for 
physicochemical characteristics of the soil. 
 
Soil analysis 
Soil texture was determined using the hydrometer 
method as described by Dewis and Freitas (1970). A 
sample of 200 g of dried soil was used for the 
preparation of saturation paste to measure the 
saturation percentage, pH and EC of the soil. 
Electrical conductivity and pH of saturation extracts 
were determined using Jenway EC meter (Model 
4510) and Jenway pH meter (Model 3510), 
respectively. Organic matter content of the soil was 
determined according to Walkley-Black method as 
described by Black and Evans (1965). Phosphorus 
was determined following the method of Yoshida et 
al. (1976) using molybdate-vanadate solution. 
Potassium was determined using a Jenway flame 
photometer (Model PFP7). Available N was 
determined according to the method described by 
Kowalenko and Lowe (1973). Micronutrients were 
determined using an Atomic Absorption 
Spectrophotometer (Perkin Elmer 3100). 
 
Statistical analysis 
The data obtained after soil analysis were subjected 
to Canonical Correspondence Analysis (CCA) using 
add-in software (XLSTAT 2010) integrated with 
Microsoft Excel. 
 
RESULTS AND DISCUSSION 
 
The nature of soil is an important determinant for 
vegetation communities composition which, in turn, 
have a significant on physicochemical properties of 
soil. Behari et al. (2004) reported that physico-
chemical properties of soil determine the soil 
fertility and other soil properties. Variations in soil 
properties can be caused by seasonal fluctuations 
as well as different geographical locations.  
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Table 1 Geographical aspects of the selected sites 
Hills Sites Coordinates Elevation (ft) 
Dar-ul-Irfan Hills  Site-1 32 º 39’19.83” N – 72 º 32’46.75” E 2630 

Site-2  32 º 39’22.09” N – 72 º 32’38.60” E 2693 
Site-3 32 º 39’28.20” N – 72 º 32’37.72” E 2723 

Munarah Hills Site-4 32 º 41’22.02” N – 72 º 31’12.44” E 2590 
Site-5  32 º 41’20.57” N – 72 º 31’24.66” E 2821 
Site-6 32 º 41’07.35” N – 72 º 31’23.47” E 2925 

 
Table 2 Plant community structure of the selected sites 

Hills Sites Habitat description Vegetation type Plant community 
Dar-ul-Irfan 
Hills  
 

Site-1 Valley with a few stones Dominant large shrubs 
and trees with grasses 

Justicia adhatoda 
Tecomella undulata 

Site-2  Slope with small stones Shrubs and grasses Dodonaea viscosa 
Otostegia limbata 

Site-3 Hill top with no stones Herbs and grasses along 
with shrubs  

Otostegia limbata  
Fagonia indica  

Munarah Hills 
 

Site-4 Valley with a few stones Dominated by trees Olea europaea 
Site-5  Slope with small stones Shrubs and grasses Dodonaea viscosa 

Otostegia limbata 
Site-6 Hill top with large rocks Dominated by shrubs Dodonaea viscosa 

Maytenus roylanus  
 
Table 3 Soil textural classes of selected sites  

Hills Sites Soil texture 
Dar-ul-Irfan Hills  
 

Site-1 Sandy clay with a few stones 
Site-2  Sandy clay with small stones 
Site-3 Clay loam with no stones 

Munarah Hills 
 

Site-4 Sandy clay with a few stones 
Site-5  Clay loam with small stones 
Site-6 Clay loam with large rocks 

 
 

Spatial variations in soil properties 
Canonical Correspondence Analysis biplot of soil 
characteristics showed spatial variations in soil 
properties very clearly. Organic matter and available 
N showed more association with site-3, while these 
are less associated with site-5. Both organic matter 
and available N were found maximum at hill tops 
i.e. site-3 and site-6, intermediate at valleys i.e. site-
1 and site-4 and minimum at slops i.e. site-2 and site-
4. Soil pH was more associated with site-3 and it was 
recorded minimum at site-6. Available P was plotted 
opposite to site-3 and it was closely associated with 
site-2. Electrical conductivity of soil saturation paste 
did not vary significantly, however, its value was 
found maximum at site-1 and minimum at site-3. 
Similarly, field capacity of soil also did not show 
significant variation, however, field capacity of site-
6 was high as compared to other sites. Potassium 
was closely associated with site-2 and site-6. Among 
micronutrients, Cu was closely associated with site-
6, while Fe was found maximum at site-4, site-5 and 
site-6. But, Mn and Zn showed their close 
association with site-6 and site-5, respectively 
(Figure 1 and Table 4). According to Peverill et al. 
(1999), dead plant material especially leguminous 
plant’s remains after decomposition enhanced the N 

component of soil. Plant litter, especially litter lignin 
also has a direct correlation with soil organic matter 
and N mineralization (Scott and Binkley 1997). 
Dodonaea viscosa is dominant species at site-6 
where its lot of leaf litter may be resulted in high 
organic matter and high N content. Grazing pressure 
may also aid to increase the levels of organic matter 
and N in the natural ecosystems (McNaughton et al. 
1997). It was found that high grazing pressure at 
site-3 might be responsible for high levels of N and 
soil organic matter at site-3. Plant litter cannot be 
accumulated on slops due to high run off, leading to 
decreased accumulation of organic matter and N 
content of the soil. On the other hand, the levels of 
organic matter and N content were high where loss 
of dead plant material is low due to runoff i.e. on 
planes and valleys. Similarly, low level of organic 
matter and N content on slops can be attributed to 
loss of dead plant material due to rum off. Electrical 
conductivity and saturation percentage of the soil 
did not vary much as there is a correlation between 
the soil moisture content and soil EC (Peverill et al. 
1999). The approximately equal moisture content of 
all the sites can be attributed to a very low variation 
in the soil EC among all sites. Soil pH has a direct 
influence on the availability of a number of nutrients,
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Table 4 Spatial variations in physicochemical characteristics of soil  
 Site-1 Site-2 Site-3 Site-4 Site-5 Site-6 
EC (mS cm-1) 0.92 0.88 0.79 0.82 0.88 0.87 
pH 7.81 7.83 7.90 7.88 7.81 7.74 
Organic matter (g kg-1) 20.50 20.21 21.60 19.80 18.82 21.70 
Total nitrogen (g kg-1) 1.03 1.02 1.15 1.01 0.95 1.14 
Available phosphorus (mg kg-1) 4.20 4.28 3.88 4.04 4.23 4.24 
Available potassium (mg kg-1) 209 224.75 193.75 204.17 210.17 266.25 
Saturation percentage 38.33 37.08 40.83 39.00 40.00 43.00 
Zinc (mg kg-1) 2.51 1.66 1.41 1.70 2.51 2.35 
Ferrous (mg kg-1) 4.09 4.49 2.48 6.60 7.00 6.65 
Copper (mg kg-1) 0.65 0.54 0.23 0.58 0.38 0.81 
Manganese (mg kg-1) 7.05 7.42 5.36 6.84 7.16 9.12 

 
 

 
Figure 1 Canonical Correspondence Analysis biplot of spatial variations in soil properties 
*** N: Available nitrogen, O.M: Organic matter, pH: pH of soil, EC: Electrical conductivity of soil, P: Available phosphorus, K: Available 
potassium, S: Saturation percentage, Cu: Copper, Fe: Iron, Zn: Zinc, Mn: Manganese 
 
particularly P ( Bagayoko et al. 2000; Ahmad et al. 
2011). In present study, soil pH was more associated 
with site-3, site-4 and site-2, respectively. High pH 
at site-3 reduced the availability of P and the lowest 
P level was recorded here. Phosphorus was also 
found low where pH was high. Funakawa et al. 
(2008) also reported that pH has a significant effect 
on the availability of P. Highest level of P was 
recorded at site-6 where pH was recorded minimum. 

The availability of various micronutrients is 
mainly dependent on soil pH (Kimura et al. 2009). 

Most of the micronutrients showed a close 
association with site-6 which could be attributed to 
the low pH level of this site. According to Sims 
(1986), soil pH had a strong influence on the 
distribution of Mn and Zn as they were found high 
in acidic soils, however,u was not affected by 
variation in soil pH. At site-6, soil pH was minimum 
i.e. 7.74. Soil was not acidic but still a high 
association of most of the micronutrients, especially 
Cu and Mn was found with site-6. According to 
Funakawa et al. (2008), seasonal and temporal 
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fluctuations in soil pH and EC had a direct influence 
on the availability of nutrients. In present study, the 
association of Zn to site-1 could also be attributed to 
a high EC of soil. Field capacity of site-6 was also 
found relatively high which could have a direct 
influence on the availability of micronutrients. Iron 
on the other hand showed spatial variation and was 
only found in abundance at Munara hills i.e. site-3, 
site-4 and site-6 and it is not apparently affected by 
any other soil property.  

 
Temporal variations in soil properties  
Soil properties vary with changes in seasons (Murata 
et al. 1999). Canonical Correspondence Analysis 
biplot of soil characteristics showed a close 
association of organic matter and N with autumn and 
winter seasons. Soil pH increased during summer 
while remained almost constant during all other 
seasons. Electrical conductivity of soil was closely 
associated with autumn and winter seasons while 
field capacity of soil did not show much association 
with seasonal variations, however it showed 
somewhat association with spring. Among the 
macronutrients, P increased during spring while K 
was closely associated with autumn and winter 
seasons. Although, Zn and Mn were increased in 

autumn, however, a high level of Mn was also found 
in winter. There were no seasonal variations in the 
concentration of Cu. However Fe showed some 
association with spring season (Figure 2, Table 5). 

Kaiser and Heinemeyer (1993) reported the 
seasonal variations in C and N contents of soil due 
to difference in microbial activities during different 
seasons for biomass decomposition. However, dead 
plant material and the type of microorganisms 
involved, influenced the seasonal variations in micro 
and macronutrients (Murayama, 1984; Cheshire, 
1985). In this study, the close association of organic 
matter and N content with autumn and winter 
seasons could be attributed to grater leaf fall during 
autumn followed by winter season. According to 
Bowman et al. (1999), variations in soil organic 
matter were due to differences in crop intensities, 
crop rotation, accumulated residues and roots 
growth due to reduced tillage. As the above data was 
collected from a non-agricultural land with no tillage 
and plant residues accumulated more in winter and 
autumn, so organic matter was higher during these 
two seasons. According to Johnston (1991) N, P, S, 
Ca, K, Mg and a number of micronutrients increased 
with an increase in soil organic matter. This close 
association of soil organic matter with N is evident

 

 
Figure 2 Canonical Correspondence Analysis (CCA) biplot of temporal variations in soil properties. *** N: Available 
nitrogen, O.M: Organic matter, pH: pH of soil, EC: Electrical conductivity of soil, P: Available phosphorus, K: Available potassium, S: 
Saturation percentage, Cu: Copper, Fe: Iron, Zn: Zinc, Mn: Manganese   
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Table 5 Temporal variations in physio-chemical characteristics of soil  
 Summer Autumn Winter Spring 
EC (mS cm-1) 0.79 1.027 0.91 0.71 
pH 8.11 7.70 7.73 7.76 
Organic matter (g kg-1) 14.67 23.53 22.94 20.53 
Total nitrogen (g kg-1) 0.72 1.26 1.19 1.02 
Available phosphorus (mgkg-1) 3.74 4.08 4.28 4.47 
Available potassium (mgkg-1) 202.00 258.72 211.44 199.89 
Saturation percentage 39.56 39.56 39.28 40.44 
Zinc (mgkg-1) 2.01 2.58 2.16 1.35 
Ferrous (mgkg-1) 4.87 5.40 4.85 5.74 
Copper (mgkg-1) 0.51 0.58 0.50 0.53 
Manganese (mgkg-1) 6.35 8.49 7.17 6.62 

 
here in CCA biplot for both temporal and spatial 
variations in soil characteristics. 

Ahmad et al. (2011) reported a high pH in 
winter and spring possibly due to heavy rainfalls, 
followed by lowest soil pH in summer. In this study, 
the results were opposite where a highest soil pH 
was recorded during summer. However, Sharma et 
al. (2007) recorded a higher pH in summer as 
compared to other seasons. The direct influence of 
pH on P availability was also evident by CCA biplot 
where lowest amount of available P was found 
during summer which could be attributed to a higher 
pH (Bagayoko et al. 2000). 

Field capacity of soil was not influenced by 
seasonal variations and it usually remained constant 
during all four seasons however, available moisture 
in soil was evaporated during winter season, 
carrying salts to the surface of soil and thus 
increasing the soil EC (Ahmad et al. 2008). Thus, a 
higher soil EC during winter can be attributed to low 
moisture availability (Funakawa et al. 2008). There 
was a close association of K, Zn and Mn with EC of 
soil during autumn and winter seasons. Among the 
other micronutrients, Cu was not influenced by the 
seasonal variations which was also supported by the 
work of Tam and Wong (1995). Iron was also not 
much influenced by seasonal variations, however, it 
showed some association with spring season. A high 
value of Fe was also recorded in autumn. According 
to Carvalho et al. (1999), there were some 
considerable temporal variations in Fe, where its 
concentration increased with an increase in water 
flow. Rainfall during spring and autumn season 
increased the water flow which might be attributed 
to a high level of Fe during spring and autumn. 
 
CONCLUSION 
 
There was a correlation between soil pH and the 
availability of macro and micro nutrients. It was 
evident that the availability of macro and micro 
nutrients was high in the soils having low pH 
making such soils suitable for the growth of many 
herbs. In addition, organic matter and availability of 
N in the soil were reduced in the areas where runoff 

was high, making slops inappropriate for growth of 
plants.  
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