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Abstract

Extreme nature of climate and topographical conditions may affect soil properties at cold desert high altitude. 
Hence, the present investigation was undertaken to know altitudinal variations in soil physico-chemical properties 
at cold desert high altitude region. For this, agriculture soils were collected from different altitude viz. site I (10000-
11000 ft), site II (11000-12000 ft) and site III (>12000 ft amsl) at Leh-Ladakh (cold desert high altitude region), 
India. Interestingly, sand percentage in soil was significantly high at site III and decreased gradually with the 
altitude. In contrast to sand level, silt concentration was high at site I and decreased significantly (p<0.05) with 
increasing altitude. There was no significant (p<0.05) difference in bulk density (BD) and electrical conductivity 
(EC) among all study sites. However, the highest pH, total dissolved solid (TDS), and CaCO3 value was recorded 
at site I while higher soil organic matter (SOM) was at site III. Pearson correlation coefficient analysis showed the 
negative correlation (p<0.01, p<0.05) of clay, silt, and pH, whereas positive correlation of sand and SOM (p<0.01) 
with altitude. Hence, our findings suggest the altitudinal variations in soil physico-chemical properties at cold 
desert high altitude. 
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1. Introduction

Over the past decades, high altitude soils have attracted 
more attention in the debate on the potential impact of 
environmental changes on the global carbon cycle (Li 
et al., 1998; Oechel et al., 2000). Recently, increased 
pressure on agriculture sector to produce more grains 
and fodder in cold desert high altitude region has 
raised the concern on soil health and their management 
practices (Sharma et al., 2006). Soils at cold desert 
high altitude are coarse textured, permeable, deserted, 
and having poor water and nutrient holding capacity 

has low nutrient availability for growing crops  and 
perform differently in the different soil types (Jobbagy 
and Jackson, 2000; Dwivedi et al., 2005; Sharma et 
al., 2006). The soils of Leh-Ladakh i.e. cold desert 
high altitude region are poor in mineral nutrients, wind 
erosion occurs on a mammoth scale and paucity of 
water is a perennial blockage (Bowman et al., 2002; 
Ladakh Autonomous Hill Development Council, 2005; 
Sharma et al., 2006). Also, soil micro flora population 
is sparse due to poor soil structure, texture, very high
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sand and clay, low biological activity and freezing 
during long winter period in this region (Campbell 
and Claridge, 1987). The extremely high altitude of 
Himalaya probably provides a unique glacial climate 
on earth. In this area, sub zero temperature during 
maximum periods are responsible for different texture, 
mineralogy and very low soil development process 
indicating more advance stage of weathering. Altitude 
profoundly affects the soil’s inherent fertility and 
runoff-erosion behavior (Mani, 1990; Bowman et al., 
2002). Level of rainfall, snowfall, and temperature 
variation affects organic matter decomposition 
that affect accumulation of organic matter with 
elevation (Walker et al., 2000). These changes in 
microenvironment may affect physico-chemical 
characteristics of soil in this region hence there is need 
to study the physico-chemical characteristics of soil in 
this area. Many soil fertility characteristics (including 
organic matter content, pH, cation exchange capacity, 
phosphate sorption, and phosphorus availability) show 
significant altitudinal variations (Jobbagy and Jackson, 
2000). Since, crop production and soil managements 
differ with kind of soil and their physico-chemical 
behavior (Mani, 1990; Sharma et al., 2006). Therefore, 
in such fragile agro ecosystem soils need to be 
handled carefully for stabilized and sustainable crop 
production. Keeping the above circumstances and 
problems, the present study was designed to know 
the physico-chemical characteristics of agricultural 
soils along the altitudes gradients in cold desert high 
altitude region of Leh-Ladakh.

2. Material and methods

2.1. Survey of Study site

The study area lying Leh-Ladakh (10000 to 13060 ft. 
amsl, 33o59.362 to 34o17.722 N latitude, and 077o12.023 
to 077o45.669 E longitudes) which is situated in Eastern 
Ladakh Plateau a part of Tibetan Plateau (Figure 1). 
This comes under cold desert high altitude region and 
surrounded by the Indus and Zanskar Rivers under the 
rain shadow of the Himalayas. Annual precipitation is 
<100 mm mostly in form of snow. The higher northern 

part of the Ladakh plateau remains under permanent 
snow cover. Temperature ranges from -400C to +400C 
and average relative humidity range is 24.70 and 39.03% 
(Table 1). The area dominantly represented by Ladakh 
series is classified as Typic Cryorthent (Mandal et al., 
1999).  High altitude causes reduced air density, vapor 
pressure, increased solar radiation, lower temperatures, 
increased wind velocity, high evaporation. Diversion of 
glacial fed rivers into stone built terraces and soil gathering 
through sedimentation enriches the soil with organic 
matter. Outflow of cold from the Himalayas produces a 
steeper temperature gradient due to their extremely high 
altitude. Interestingly, here growing time of crops varies 
considerably with altitude and decreases with the altitude.

2.2. Soil sampling and processing:

Total one hundred fourteen composite agriculture soil 
samples (Site I: 38, Site II: 38, and Site: 38 sample) 
were collected from different altitudes and locations 
of the sampling sites were recorded by GPS (global 
positioning system) coordinated in the center. Random 
soil sampling was preferred due to very small size of 
plots present in this region. Ten sampling points were 
selected at each sampling site, thereafter samples 
were collected from up to 15 cm soil depth (plough 
layer) and the required amount of soil sample was 
taken by quartering method. Root part and other plant 
residues were removed from the soil and then these 
soil samples were air dried at room temperature, sieved 
with <2.0mm test sieve. 

For analysis of soil organic carbon (SOC) and calcium 
carbonate, soil samples were further sieved with 0.2 
mm test sieve. The pH, EC, TDS, clay, sand, and silt 
were determined in 2.0 mm test sieve soil samples. 
For the bulk density (BD) determination, soil samples 
were collected at the same time and at same sampling 
sites using standard bulk density measuring container 
(100 cm3 in volume, 50.46mm in diameter and 50mm 
in height, Model NL 0303, Beijing New Landmark 
Soil Equipment Co. Ltd. Beijing China Mainland) and 
thereafter, samples were oven dried at 1050C for 24 
hours.  
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Figure 1. Map of study area

2.3. Analysis of different parameters

Chemicals and reagents used were GR grade, 
purchased from Merck, Germany. Soil organic 
carbon (SOC) was analyzed by wet digestion method 
(Walkley and Black, 1934). The organic matter 
content (OMC) was calculated by multiplying SOC 
content with Van Bemmelen factor (1.724). Total 
calcium carbonate content was estimated by Back 
titration method (Bashour and Sayegh, 2007) and PH, 
EC and TDS were measured as described by Tandon 
(1993) by preparing (1:2) soil and water solution for one 
hour were at rotary shaker. However, silt, sand and clay

proportions were determined by bouyoucos hydrometer  
method.

2.4. Statistical analysis

Data generated through the study were analyzed for mean 
and standard error (SE). Significance level (p<0.05) was 
generated among the different altitudinal study sites 
by one way ANOVA. Pearson correlation coefficient 
was done for the analysis of correlation in different 
physico-chemical properties of soil with altitudes 
using the computer program SPSS statistical software 
17.0 versions for Windows.
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Table 1. Climatic data (for the year 2008-09) of studied area.

3. Result 

3.1. Clay, Sand and Silt proportions (%)

The present study revealed no variation in clay (%) 
content, whereas sand content (%) was significantly 
(p<0.05) increased with the altitude (Table 2). 
However, silt (%) content showed reversed trend, as 
they decreased significantly (p<0.05) with the altitude 
(Table 2). Based on sand, silt, and clay content, textural 
class of agricultural soil comes under sandy loam at 
different altitude (Table 2). 

The co-relation analysis revealed that clay (%) and 
silt (%) are significantly (p<0.05, p<0.01) negatively 
correlated with the altitude, whereas sand (%) was 
positively correlated with the altitude (Table 3). 
Correlation analysis of properties among each other 
indicated the negative correlation between SOM and 

silt (%), SOM and silt+clay (%), however sand (%) 
content was positively correlated with SOM (Table 4, 
Figures 2,3,4,5).

3.2. BD, SOM and Calcium carbonate

The values of BD (g/cm3) have not shown any 
significant (p<0.05) difference in all study sites, 
although the SOM content was reported significantly 
(p<0.05) higher at the highest altitudinal site (site 
III) as compared to site I and II (Table 2). On the 
other hand the CaCO3 content (%) was significantly 
(p<0.05) maximum at site I and II (lower altitude site) 
as compared to site III (Table 2). Pearson correlation 
coefficient (r) analysis revealed that the SOM content 
(%) was significantly (p<0.01) positive while CaCO3 
(%) significantly (p<0.05) negative correlated with 
altitude in the present study (Table 3).
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Table 2.  Altitudinal variations in physico-chemical properties of cold desert agriculture soil.

Values (mean ±SE) bearing different superscript (a,b,c) in a same row differ  significantly (p<0.05)

Table 3. Correlation analysis of physico-chemical properties with altitude of cold desert agriculture soil

   ** Correlation is significant at the 0.01 level (2-tailed).

   * Correlation is significant at the 0.05 level (2-tailed).
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3.3. pH, EC (µs/cm) and TDS (ppm)

The significantly (p<0.05) maximum pH and TDS 
values were reported at site I (10000-11000 ft amsl) and 
lowest at site II (11000-12000 ft amsl) and site III (Table 
2). However, the maximum values of EC (µs/cm) was

reported at site I and minimum value at site III 
respectively but there was no significant (p<0.05) 
difference reported in all study sites (Table 2). 
Interestingly, pH was significantly (p<0.05) negative 
correlated with altitude; however EC and TDS did not 
change along the altitude (Table 3). 

Table 4. Correlation of soil organic carbon (SOM) content (%) with sand, silt, clay, and silt + clay (%) of cold 
desert agriculture soil. 

** Correlation is significant at the 0.01 level (2-tailed).

* Correlation is significant at the 0.05 level (2-tailed).

Figure 2. Correlation between SOM and Sand contents(%) Figure 3. Correlation between SOM and Silt contents (%)
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Figure 4. Correlation between SOM and Clay contents (%)

Figure 5. Correlation between SOM and Silt + Clay contents (%)
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4. Discussion

4.1. Clay, Sand and Silt proportions (%)

In present study no variation was observed in clay 
content. Soils of cold desert high altitude have 
originated from weathered rocks, they are immature 
and with large proportion of sand gravel and stone 
in them (Dwivedi et al., 2005). In present study, 
sand fraction found increasing along the altitude, 
whereas silt fraction was in reverse order indicating 
the dominance of sand forming minerals in parent 
materials. Hence, our findings indicated that the cold 
arid soils are dominated by sand alike the hot arid 
soils, and this relative high proportions of sand in 
these soil fragments causing sandy loam textural class 
in this region. Climate and parent material profoundly 
influence soil characteristics (Schinner, 1982; Yang 
et al., 2008). Hence, the soils of studied region have 
more proportion of coarse grained soil particles, which 
indicates the slow process of soil formation. This may 
be due to the climatic conditions (low temperature, 
higher snowfall, availability and movement of water 
along the altitude). 

    Higher silt but lower sand proportion observed at 
lower altitude in our study that indicates the presence 
of quartz, feldspars, hornblende, and micas in the 
soil (Ley et al., 2000). It is also assumed that the 
lack of smaller size particles shows the slow process 
of weathering in this region (Brady and Weil, 1999). 
Therefore, slow process of soil formation along the 
altitude results in very low content of clay particles 
which may cause low content of available mineral 
nutrients in this soil (Brady and Weil, 1999).

4.2. BD, SOM and Calcium carbonate

    In the present study, BD did not vary with the 
altitude that indicates similar nature of soil at all the 
altitude. It was reported that the bulk density depends 
on soil structure and texture, organic matter, freezing 
and thawing process (Unger, 1991; Chen et al., 
1998). Therefore, these factors have no significant 

effect on soil to change their textural class, so bulk 
density did not change along the different altitude. 
We also observed sandy loam soil at all altitude in 
this study. The SOM content (%) was increasing 
with altitude in this investigation. Atmospheric 
temperature is the main climatic variable which 
control SOC at cold desert. Higher precipitation in 
the form of snow at high altitude than lower altitude 
and subzero temperature causes hyper aridity of 
soil at cold desert high altitude and suppression of 
microbial and enzymatic activities which results least 
soil organic matter decomposition that make higher 
accumulation of SOC (Schinner, 1982; Jacot et al., 
2000; Bhattacharyya et al., 2008). Hence, this might 
be the reason that cold arid bioclimate of Ladakh 
contains more SOC and SOM. Our present findings 
has got support of Trumbore et al. (1996), Garten et 
al. (1999) and Bolstad and Vose (2001), who also 
reported increasing soil carbon concentration with 
altitude in mountainous terrain. Hence, increasing 
trends of SOM content (%) with increasing altitude 
may be due to the constant carbon inputs and decrease 
rate of carbon loss at different altitude. Soil texture 
is another important regulator of soil organic matter 
decomposition and soil respiration that depends on 
relative proportion of clay, silt, and sand (Jenny, 1980; 
Schimel et al., 1985). This hypothesis is also further 
supported by this study, as in present studied areas 
comes under sandy loam textural class based on sand 
and silt fraction of soil. Cold desert vegetations have 
higher root: shoot ratios, shallower root distributions 
and above ground litter fall and root mortality are the 
two primary processes that contribute to soil carbon 
inputs along the elevation gradient (Yang et al., 2009; 
Charan et al., 2012). 

      This study indicated uniform high CaCO3 content 
(%) at lower altitude (10000-12000 ft amsl) as 
compared to higher altitude (<12000 ft amsl). This 
might be due to low temperature and respiration 
rate and high snow precipitation at that altitude and 
type of the parent materials (calcite mineral in soil 
profiles) available there. Since, temperature affects 
CaCO3 equilibrium directly through its influence 
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on the solubility constant and indirectly through its 
effect on the partition of precipitation inputs between 
evapotranspiration and leaching (Feng et al., 2002). 
Also decrease of water content or partial pressure of 
CO2 or increase of Ca2+ or HCO3

- concentrations can 
lead to a favorable environment for the precipitation 
of pedogenic form of inorganic carbon (Nordt et 
al., 2000). Pedogenic form of inorganic carbon 
accumulation in arid and semiarid soils occurs 
because of water deficit (evapotranspiration>prec
ipitation) constraint significant leaching that helps 
pedogenic inorganic carbon accumulation (Nordt et 
al., 2000). Therefore, at lower altitudes of Ladakh 
has comparatively higher evaporation rate of soil 
and high soil mineralization, which may result in 
higher accumulation of CaCO3 as compared to higher 
altitudes.

4.3. pH, EC (µs/cm) and TDS (ppm)

We did not find any significant differences in EC. 
These findings indicate that no major difference in 
cumulative salt accumulation along the altitude. 
However, decreasing trend of pH and TDS from 
lower altitude (10000-11000 ft amsl) to higher 
altitude shows that at lower altitude sites have 
more cumulative salt accumulation rather than 
higher altitude sites. This may be due to the higher 
accumulation of base forming cations like Ca+2, Mg+2, 
K+ and higher accumulation of CaCO3 (Northcott et 
al., 2009). We also observed <6.0 % CaCO3 at <12000 
ft amsl, this finding confirms that this cold desert high 
altitude soil is calcareous in nature. Hence, our study 
indicated that cold desert soils are typically alkaline 
with broad ranges of salinity reflecting surface 
exposure age and local hydrological conditions 
(Northcott et al., 2009). Since, calcareous soils occur 
naturally in arid and semi-arid regions because of 
relatively little leaching (Brady and Weil, 1999). 
Therefore, it is presumed that calcareous soils of 
this cold desert high altitude may have developed by 
predominantly available calcareous parent material 
(calcite mineral) throughout the soil profiles.   

5. Conclusion

These results revealed that the agriculture soil at cold 
desert high altitude region comes under sandy loam 
class, and calcareous and alkaline in nature. Hence, 
this soil may be suitable for growing of vegetables 
and legumes crops. This study also indicated the 
altitudinal variations in certain physico-chemical 
characteristics of agricultural soil at cold desert high 
altitude. Therefore, this study would bring attention 
of soil science researcher and agronomist for new 
soil management approaches and cultivation practices 
along the altitude gradients of this cold desert high 
altitude region. 
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