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Abstract 

The aim of this study is to assess and analyze depth

and bulk density) along the altitudinal gradient of forest in Shivpuri Watershed Area in Central Nepal. A total of 36 

composite soil samples were collected from every 100m altitudinal increment from 1660m 

sections 0-10cm, 10-20cm and 20-30cm by using systematic random sampling. The soil organic carbon content was 

determined by using Walkley and Black metho

moisture content. The bulk density and moisture content of the soil were found to increase with increasing soil depth and was

observed highest at the depth of 20-30cm. The pH, moi

altitude. The average soil organic carbon stock in the watershed ranged from 

soil holding most of the organic carbon and decreasing towards 

between soil organic carbon stock and altitude,  indicating that the soil organic carbon stock in forested watershed increase

at higher altitudes. Findings suggest that changes in vegetation pa

turnover, resulting in increased carbon accumulation in soil.
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Introduction 

Soil is the largest pool of organic carbon in the terrestrial 

biosphere
1
. But, depending upon the specific management 

regime and activities, it can be both sources and sinks of 

carbon
2
. Carbon is stored in soil through the above ground input 

received from organic biomass and root inputs

carbon is due to the microbial degradation of organic matter 

(OM), mineralization and weathering, and erosion

 

Soils hold double the amount of carbon that is 

atmosphere and about three times more C stored than world

vegetation
6
. In fact, about 70% of this organic carbon is stored 

in the soil
7
 and only first 30 cm of soil holds about 1500Pg 

carbon worldwide
8
. There are many physical, and 

biogeochemical factor that affects the Soil Organic Carbon 

(SOC) stock such as climate, topography, soil type, and 

vegetation
9-11

, potential evapotranspiration (PET), ratio between 

PET and annual precipitation
12,13

, altitude, aspect, land use and 

geographical location
14

, soil characteristics including color, 

nutrient holding capacity, nutrient turnover and stability

cation exchange properties, texture and aggregation

availability (drainage), cropping system, soil and crop 

management
17

, factor relating to soil fertilization or/and 

irrigation, also have an effect on the plant production and hence 

on OM content
11

. Soil of forest ecosystem only store 

of the total SOC globally
17

. Forest soil tends to accumulate 
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aim of this study is to assess and analyze depth-wise soil carbon stock and other soil parameters (pH, moisture content, 

and bulk density) along the altitudinal gradient of forest in Shivpuri Watershed Area in Central Nepal. A total of 36 

mples were collected from every 100m altitudinal increment from 1660m – 2732m at 0

cm by using systematic random sampling. The soil organic carbon content was 

determined by using Walkley and Black method. Result shows that the soil of the Shivapuri watershed is acidic with high 

moisture content. The bulk density and moisture content of the soil were found to increase with increasing soil depth and was

30cm. The pH, moisture content, and bulk density of soil showed a negative response to 

altitude. The average soil organic carbon stock in the watershed ranged from 82.88t/ha to 195.19t/ha, topmost layer of the 

soil holding most of the organic carbon and decreasing towards lower layers. A significant positive correlation was observed 

between soil organic carbon stock and altitude,  indicating that the soil organic carbon stock in forested watershed increase

at higher altitudes. Findings suggest that changes in vegetation pattern, and temperature at higher altitudes limits carbon 

turnover, resulting in increased carbon accumulation in soil. 

parameters, Walkley-Black Method, watershed, vegetation. 

Soil is the largest pool of organic carbon in the terrestrial 

. But, depending upon the specific management 

regime and activities, it can be both sources and sinks of 

through the above ground input 

received from organic biomass and root inputs
3,4

. The losses of 

carbon is due to the microbial degradation of organic matter 

(OM), mineralization and weathering, and erosion
5
.  

Soils hold double the amount of carbon that is present in the 

stored than world’s 

In fact, about 70% of this organic carbon is stored 

only first 30 cm of soil holds about 1500Pg 

here are many physical, and 

factor that affects the Soil Organic Carbon 

climate, topography, soil type, and 

, potential evapotranspiration (PET), ratio between 

, altitude, aspect, land use and 

, soil characteristics including color, 

nutrient holding capacity, nutrient turnover and stability
15

, 

texture and aggregation
16

, oxygen 

availability (drainage), cropping system, soil and crop 

soil fertilization or/and 

irrigation, also have an effect on the plant production and hence 

cosystem only store about 40% 

orest soil tends to accumulate 

more carbon (C) than does soil under agriculture and barren 

land because the carbon turns over more slowly and above 

ground inputs and leaf litter-fall is higher

occurs in forest ecosystem
16

. Thus, the forest soil that has 

greatest responses to increasing atmospheric CO

will be significant for the future global 

contribute to mitigate global climate change, if CO

can be significantly reduced from deforestation and forest 

degradation. In developing countries like Nepal, anthropogenic 

activities (deforestation, forest degradation and ov

management practices) can cause release of carbon, which may 

significantly increase the greenhouse gas (GHG’s) in the 

atmosphere
2
. In Nepal, 95% of greenhouse gases emission is 

from agriculture and forestry sector and 77% of that from only 

forestry sectors
18

. Deforestation not only reduces carbon storage 

in the vegetation, but also in the soil. Thus, c

determination is important to know the status of carbon 

absorbed by soil and potential for absorbing atmospheric CO

for climate change mitigation. In Nepal, most of the research on

soil carbon are focused on studying SOC stock in different land 

use types and forest
19-21 

and there is very

carbon stock with the change in altitudinal gradient. 

 

This study aims to assess depth wise SOC stock and establish its 

relationship with other soil parameters along the altitudinal 

gradient of forested watershed. 
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wise soil carbon stock and other soil parameters (pH, moisture content, 

and bulk density) along the altitudinal gradient of forest in Shivpuri Watershed Area in Central Nepal. A total of 36 

2732m at 0-30cm depth in three 

cm by using systematic random sampling. The soil organic carbon content was 

d. Result shows that the soil of the Shivapuri watershed is acidic with high 

moisture content. The bulk density and moisture content of the soil were found to increase with increasing soil depth and was 

sture content, and bulk density of soil showed a negative response to 

82.88t/ha to 195.19t/ha, topmost layer of the 

lower layers. A significant positive correlation was observed 

between soil organic carbon stock and altitude,  indicating that the soil organic carbon stock in forested watershed increases 

at higher altitudes limits carbon 

more carbon (C) than does soil under agriculture and barren 

land because the carbon turns over more slowly and above 

fall is higher, if no any disturbance 

. Thus, the forest soil that has 

greatest responses to increasing atmospheric CO2 concentration 

will be significant for the future global carbon cycle and to 

contribute to mitigate global climate change, if CO2 emission 

can be significantly reduced from deforestation and forest 

degradation. In developing countries like Nepal, anthropogenic 

activities (deforestation, forest degradation and overall land use 

management practices) can cause release of carbon, which may 

significantly increase the greenhouse gas (GHG’s) in the 

. In Nepal, 95% of greenhouse gases emission is 

from agriculture and forestry sector and 77% of that from only 

Deforestation not only reduces carbon storage 

in the vegetation, but also in the soil. Thus, carbon stock 

determination is important to know the status of carbon 

absorbed by soil and potential for absorbing atmospheric CO2 

In Nepal, most of the research on 

studying SOC stock in different land 

and there is very limited research on soil 

altitudinal gradient.  

to assess depth wise SOC stock and establish its 

relationship with other soil parameters along the altitudinal 
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Materials and methods 

Study area: This study was carried out in Shivapuri watershed 

of Shivapuri Nagarjuna National Park (ShNNP) (Figure-1). This 

park lies (27°45' to 27°52'N and 85°15' to 85°30'E) in the 

middle mountain region at about 12 Km north of Kathmandu 

valley, whose elevation ranges from 1320 meters above sea 

level (masl) to 2732masl having area of 159 km
2
. The study was 

conducted along the altitude between 1600m to 2732 m between 

Panimuhan and ShNNP peak which has three types of forests 

along the altitudinal gradients; Pinus roxburghii-Alunus forest 

(1600m-1800m), Quercus–Castanopsis-Rhododendron forest 

(1900m-2300m) and Quercus-Rhododendron forest (2400m-

2732m)
22

. 

 

Soil sampling and analysis: Systematic random sampling was 

used to collect the samples. Soil samples were collected from 

30cm depth in three sections i.e. 0-10cm, 10-20cm and 20-30cm 

at every 100m altitudinal increment from 1660m to 2732m. 

Plots of 10x10m
2
 were laid at every sampling site where 

randomly four samples were taken in N shape from each plots 

and composites of sample were made for each individual three 

layers using coning and quartering method. A total of 36 

composite soil samples were collected and prepared for lab 

analysis after passing through 2mm sieve. For bulk density soil 

samples were taken using core tubes. Soil pH was measured in 

lab using portable pH meter. Soil moisture content was 

measured by using following relation
23

. 

 

Soil moisture (%) =
Wet weight- Dry weight

Dry weight
×100  

 

Bulk Density was calculated by using core tube method
24

. Soil 

organic matter was determined using Walkley-Black method
25

. 

 

Soil Organic Matter (%) =
(B-S)N

weight of soil sample taken 
 ×0.067×100  

 

Where: B=volume of Ferrous Ammonium Sulphate (FAS) used 

up for blank titration, S=volume of FAS used up for sample 

titration, N=Normality of FAS from blank titration. 

 

Soil organic carbon (%) was calculated from soil organic matter 

(%) using following relation. 

 

Organic Carbon (%) = 
58 ×organic matter � %�

100
  

 

Similarly, the Soil Organic Carbon (SOC) was calculated by 

using method given by Pearson et al
26

. 

 

SOC � t

ha
� = Organic carbon �%�×Bulk density � g

cm3
� 

×	thickness of soil sample	�cm�×100  

 

Soil characteristics were summarized using descriptive 

statistics. Pearson correlation and t-test were used to study the 

relationship of different soil paraments. 

 
Figure-1:Location of study area (Shivapuri watershed area in Shivapuri Nagarjuna National Park). 
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Results and discussion 

Soil pH: Soil pH was found to vary with altitude. The average 

pH of forested watershed area was found to be 3.15. The highest 

(4.0) and lowest (2.2) pH value was found at the altitude of 

2060m and 2732m respectively (Figure-2). The pH of soil was 

found to be highly acidic in study area and the value decreased 

with increase in altitude. The soil was observed to be more 

acidic where Rhododendron species was dominant. 

Rhododendron forest is found above 2000m in ShNNP
22 

and the 

soil pH was also observed to decrease above 2060m altitude 

(Figure-2). Lower pH value may be due to the higher value of 

organic matter and nitrogen content in higher altitude
27

. Acidity 

in soil arises from several different sources such as humus, 

alumino silicates, hydrous oxides, soluble salt and acid forming 

parent materials as granite, sandstone, rhyolite, shlate. 

 

Moisture content (%): The moisture content was found to 

increase with increase of soil depth. The higher moisture content 

was found in depth of 20-30cm followed by 10-20cm and 0-

10cm respectively (Figure-3). This result agrees with the 

findings from other studies
28

. The average moisture content was 

found highest at the elevation of 1760m (89.38%) and lowest at 

the elevation of 2660m (54.13%). The moisture content was 

observed to be decreasing at higher altitude. A similar study has 

reported a quadratic path of moisture content with the increase 

in the altitude
29

. Moisture content is affected by different 

topography, aspects, slope, types of soil fragements, and 

season
28,29

. In this study, the high moisture content and 

decreasing trend with altitudinal increment could be attributed 

to the vegetation cover, aspect (north east) and slope (steep at 

higher altitude area) of the study area. 

 
Figure-2: pH along altitudinal gradient. 

 

 
Figure-3: Depth wise moisture content (%) along altitudinal gradient. 
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Bulk density: The Bulk Density (BD) of soil was found to 

increase with increase of soil depth. BD was found higher in 20-

30cm (1.22gm/cm
3
) followed by 10-20cm (1.15gm/cm

3
) and 0-

10cm (1.09gm/cm
3
). There is clear indication that the BD of the 

soil is decreasing with altitude (Figure-4). The highest BD was 

found at an altitude of 1760m (1.42gm/cm
3
) and the lowest was 

found at 2680m (0.89gm/cm
3
). 

 

This finding agrees with other studies, which reports that the 

BD increases with increase of soil depth in forest land, 

agriculture land and barren land
21

. Similarly, othe research has 

also reported bulk density to be higher at lower elevation 

compared to higher elevation
30

. Soil with a high proportion of 

pore space have lower BD than those that are more compact and 

have less pore space. Similar, result was reported by other 

studies
31,32

. Factors affecting bulk density are porosity, texture, 

organic matter content and compactness
15

. Fine textured surface 

soil such as a silt, loam, clays and clay loam generally have 

lower BD than sandy soil. The solid particles of the fine texture 

soil tend to organize in porous grains especially if adequate 

organic matter is present. 

 

Soil organic carbon stock (SOC): The average soil organic 

carbon stock in the ShNNP watershed area was found to range 

from 82.88t/ha to 195.19t/ha. The highest SOC was found at the 

10-20cm depth soil section at an altitude of 2732m (195.19t/ha) 

while lowest SOC was found at 20-30cm depth at 1660m 

(82.88t/ha) altitude. 

 

The topmost soil have higher value than soil of lower depth (0-

10cm section have higher SOC followed by 10-20cm and 20-

30cm). But in the sample taken from the peak of Shivapuri 

(2732m), and sample taken at 2060m, soil at 10-20cm depth 

have highest SOC followed by 0-10cm and 20-30cm (Figure-5). 

The higher amount of soil organic carbon in top layer has also 

been reported by other studies in the past
33,35

. The soil organic 

carbon in forest is affected by the type of forest, climatic 

variables, moisture, temperature and types of soil
21

. 

 

 
Figure-4: Depth wise bulk density distribution along altitudinal gradient. 

 

 
Figure-5: Depth wise distribution of SOC at different elevation. 
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The average SOC of the watershed along altitudinal gradient 

was found to increase with increase of altitude (Figure-6). The 

average SOC was highest at 2732m altitude (195.19t/ha) and 

lowest at 1660m altitude (82.88t/ha). Quercus-Rhododendron 

forest was present where the soils have maximum carbon stock 

in upper elevation. The higher stock of soil organic carbon in 

upper elevation is possibly due to dense forest cover and higher 

input of litter from Quercus-Rhododendron forest.  But Pinus 

roxburghii-Alnus nepalensis forest was present in lower 

elevation. In such forest, wider spacing between trees were 

observed. Thus, the lower amount of organic carbon in lower 

elevation resulted from less litter input and less accumulation
36

, 

and also can be attributed to human disturbance as the litter on 

the lower region were collected for livestock sheds, in turn 

accumulating less organic matter in the lower region of the 

watershed
35

.

 

 
Figure-6: Average SOC along the altitudinal gradient. 

 

 

 
Figure-7: Relationship of SOC with soil pH (a) Moisture content (b), Bulk Density (c), and Altitude (d). 
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Relationship of SOC with different soil parameters: 
Correlation analysis was used to establish the relationship of 

SOC with different soil parameter (Bulk density, Moisture 

content, Altitude and pH) (Figure-7). There was a slightly 

negative correlation between moisture content and SOC (r=-

0.26). Similarly, the correlation of SOC with BD and pH was 

found to be negative. However, a significant positive correlation 

was found between SOC and elevation (p<0.05). 

 

Table-1: Correlation statistics of SOC stock with different soil 

parameters. 

Parameter Correlation coefficient (r) 

Altitude 0.69* 

BD -0.27 

MC -0.26 

pH -0.44 

*Significant at 5% level of significance (p<0.05). 

 

In ShNNP watershed, altitude was found to be the stronger 

predictor of soil carbon stock than other soil parameters (Table-

1). This finding is in line with many studies
35,37,38

, but 

contradicts with the finding of few studies
36,39

 that have reported 

negative relationship between SOC stock and altitude. Climate 

factor play an important role in nature of soil organic matter 

than does the nature of the plants input
40

. With the increase in 

altitude, the temperature and precipitation pattern changes 

which influences the composition and productivity of the 

vegetation eventually affecting the input of carbon in the soil. In 

our study watershed, a clear change in the forest composition 

was observed. Pinus-Alnus forest at lower altitude was replaced 

by Quercus-Rhododendron forest with dense canopy and higher 

litter input at higher altitude. Eco-physiological constraints, low 

temperature and productivity decreases species richness which 

affects the input of carbon in soil
41

. Due to the low temperatures 

at higher altitudes, the carbon turnover is limited, which 

increases the accumulation of carbon even when the 

productivity is low and there is lower carbon input
37

. 

 

Conclusion 

The soil organic carbon and other soil parameters were 

investigated and analyzed along the altitudinal gradient of 

forested watershed. The value of soil parameters is not 

uniformly distributed. The dominance of Pinus-Alnus and 

Quercus-Rhododendron forest resulted in the low pH value that 

showed an inverse relationship with altitude. Similarly, the 

moisture content and bulk density was observed to decrease 

with altitudinal increment. Soil organic carbon stock was found 

to have negative correlation with pH, moisture content and bulk 

density while a significant positive correlation was observed 

with altitude. At higher altitude, broad leaved forest species, 

dense canopy cover of forest and lower temperature were 

responsible for high SOC but in the lower altitude area, Pinus-

Alnus forest with low canopy cover, and higher human 

disturbance were attributed to lower SOC stock. Forested 

watershed in mid hills of Nepal have huge potential for carbon 

sequestration. Such region should be conserved. 
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