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Abstract 

   
Soil carbon stock plays an important role in the global carbon cycle. The study was carried out in Kumrat valley to assess the 

soil organic carbon potential of Cedrus deodara forest along with altitudinal gradient. . The soil organic carbon was analyzed 

by oxidizable organic carbon. The elevation of the study site ranges from 2360 to 2560 (m). The geographic location of the 

study site was 35°32’ 11.44 N and 72° 13’45.03’E. The stratified random sampling method was used for soil data collection at 

the depth of 0-15cm and 16-30cm. The results of the study showed that the average soil pH was recorded at 6.04. The mean 

soil bulk density was recorded 1.03 (g cm3). The average amount of soil organic carbon stock was recorded 75.45 (t ha-1) at 

lower elevation while the average amount of soil organic carbon stock was recorded 62.00 (t ha-1) at a higher elevation. Our 

study showed a decreasing trend of soil carbon with elevation. It’s concluded that potential and capability of soil carbon stocks 

do not only depend on forest types and altitude but other environmental factors (climate, edaphic, topographic and biological 

etc.) are responsible for determination of soil carbon stock at a different elevation. Further, the necessary steps should be 

considered to conserve and protect the forest land, rangeland and agriculture land for the enhancement of soil organic carbon. 
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Introduction 

Soil Carbon stock is the largest Carbon pool in the 

terrestrial ecosystems. Soil act as largest carbon sink 

and facilitates carbon sequestration (Saeed et al., 

2019). Its store's maximum carbon after trees and 

plants, a slight change in the Soil carbon stock can 

have impacts on global carbon cycle (Johnson et al., 

2007). The rising temperature and climate change is 

reinforced by the increasing the carbon dioxide 

emission from soil (Yang et al., 2010). Monitoring of 

forest carbon is critical for mitigation of climate 

change (Ahmad et al., 2018; Mannan et al., 2019; 

Saeed et al., 2019). The environmental pollution, 

deforestation, biomass burning, and land cover 

change enhance greenhouses effect resulting alter the 

dynamic of Soil Carbon (Mao et al., 2015). Soil carbon 

is important to both mitigate CO2 emission and 

enhance forest stability and production (Lal et al, 

2004). Soil organic Carbon is sensitive to land cover 

change. Land use change greatly impacts the soil 

carbon stock, soil degradation, cropland loss, 

deforestation and desertification resulting decrease in 

forest area from 31.6 % to 30.6% globally since 1990 

(FAO, 2015). Furthermore, land use change can 

change soil properties including soil bulk density, Soil 

PH, Soil carbon and nitrogen content (Houghton et 

al., 1999; Callesen et al., 2003,). The study area is 

dominated by national tree (Cedrus deodara), 

distributed at ranges from 2000 to 3000m 

(Moinuddin et al., 2009). In Pakistan, although 

different studies have been conducted on carbon 

stock of subtropical forests (Nizami, 2012; Amir et al., 

2018) and Deodar forest (Amir et al., 2015) and in 

forest plantations (Ahmad et al., 2015, Saeed et al., 

2016). But a specified study on assessment of Soil 

carbon storage potential is not conducted yet. So, the 

objective of the study shows an approach to quantify 

soil organic carbon, and signify the relationship of soil 

parameters with elevation. 

 

Materials and methods 

Study area 

The present was carried out in Soil of Cedrus deodara 

forest which located in Kumrat valley, Dir upper, 

KPK, and Pakistan. The elevation of the study site 

ranges from 2360 to 2560 (m). The geographic 

location of the study site was 35°32’ 11.44 N and 72° 

13’45.03’E. The average precipitation of the study 

area ranges from 700-1500 mm. Temperature ranges 

from 0.7-30ºC. The soil of the study site was rich in 

humus and organic matter. The soil was loamy in 

nature (Fig.1). 

 

Fig. 1. Range of study area, Kumrat Valley. 
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Research design 

The area maps and topographic sheets were taken 

from the respective forest department. The soil 

samples were selected randomly at the depth of 0-

15cm and 16-30 cm within different strata of Cedrus 

deodara forest by using Soil core instrument. 

Coordinates and elevation (m) of each sample area 

was determined by GPS. The stratified sampling 

method was used at the different study site. The 

stratification was done on basis of forest cover of pure 

Cedrus deodara forest (PCDF). Average ten soil 

samples were taken with total 30 samples 

replications. 

 

Soil, Bulk density, and Carbon determination 

The soil PH was determined by taking air-dried soil 

(50 g) and distilled water (50 ml) into a glass beaker 

(500 ml) for titration. Later, reading of Soil PH was 

recorded by PH Meter (Mc Lean, 1982).  

 

The collected soil samples of Cedrus deodara forest 

were brought to the laboratory to keep it in the oven 

for 48 hours at 72 °C, and then soil bulk density of 

samples was determined from the weight of soil 

sample and volume of soil core (104cm3). Soil carbon 

content was measured by Walkley and Black method 

(Walkley and Black, 1934). Soil carbon (t ha-1) was 

calculated from the soil organic carbon (SOC %), soil 

bulk density (g/cm3) and thickness of horizon (cm). 

The following equation was used to find out soil 

carbon (Adnan et al., 2014; Amir et al., 2018).  

SOC (t ha-1) = SOC (%) ×SBD (g cm3) × TH (cm) ×100 

Where, SOC = Soil Organic Carbon, SOC= Soil 

Organic Content, SBD= Soil 

Bulk Density and TH=Thickness of Horizon. 

 

Statistical analysis  

The software (Sigma plot, statistic etc.) were used for 

statistical analysis. Mean Standard deviation, CV%, 

and Standard error were calculated. Regression 

models were developed in order to study the 

relationship between soil organic carbon and 

elevation. 

 

Result and discussion  

Soil PH 

The average soil pH (0-30 cm) was 6.04 which 

showed the acidity in nature. The minimum soil pH of 

the Cedrus deodara forest land was recorded 5.835 at 

7892 ft. elevation while the maximum soil pH was 

recorded 6.22 at 8093 ft. elevation near the forest 

land was 4.85.  

 

In order to know the relationship between soil pH 

and Elevation and Soil PH values, the regression 

model was developed as shown in Fig. 2. 

 

The relation of soil pH and elevation is polynomial 

quadratic. The value of R2 was 0.14 showed that weak 

relation between elevation and soil PH. The results of 

Soil PH at each site are given in Table 1. 

 

 

Table 1. Soil pH values at an elevation.  

Elevation (m) Latitude Longitude pH 

(0-15cm) 

pH 

(15-30cm) 

Average pH 

(0-30cm) 

2360 35°31'.56"N 72°13'.38"E 5.91 6.32 6.11 

2383 35°31'.76"N 72°14'.14"E 5.93 6.48 6.20 

2405 35°31'.54"N 72°13'.31"E 5.11 6.56 5.83 

2425 33°31'.56"N 72°13'.35"E 5.7 6.15 5.92 

2467 35°31'.80"N 72°14'.19"E 5.78 6.66 6.22 

2500 35°31'.87"N 72°14'.14"E 5.4 6.37 5.88 

2528 35°31'.90"N 71°24'.16"E 5.27 6.69 5.98 

2528 35°32'.88"N 72°09'.17"E 5.3 6.66 5.98 

2543 35°39'.1"N 72°14'.16"E 5.91 6.5 6.20 

2560 35°32'.98"N 72°14'.22"E 5.6 6.61 6.10 
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Table 2. Soil bulk density at the depth of 0-15cm, 16-30cm and 0-30 cm with elevation. 

Elevation 

(m) 

Weight 

(g) (0-15cm) 

Weight 

(g) (15-30cm) 

Volume 

(cm3) 

Bulk density 

(g cm3) (0-15cm) 

Bulk density 

(g cm3) (15-30cm) 

Average Bulk density 

(g cm3) (0-30cm) 

2360 107 112 104 1.02 1.07 1.05 

2383 112 105 104 1.07 1.00 1.04 

2405 101 106 104 0.97 1.01 0.99 

2425 110 115 104 1.05 1.10 1.08 

2467 100 110 104 0.96 1.05 1.00 

2500 95 114 104 0.91 1.09 1.00 

2528 107 121 104 1.02 1.16 1.09 

2528 102 105 104 0.98 1.00 0.99 

2543 104 109 104 1 1.04 1.02 

2560 100 118 104 0.96 1.13 1.04 

 

The Soil PH may vary with the altitude, aspects and 

soil depth. The interaction of soil PH values with 

aspects, altitude, and soil depth were found 

significantly different. The reduction in pH value at a 

different site depends upon accumulation and slow 

decomposition of organic matter, which releases acids 

(Qasba et al., 2017). Previous studies showed that 

forest litter could change the soil PH value, increase 

acidity for coniferous species and decrease acidity for 

deciduous and herbaceous species (Xu et al., 2006; 

Sariyildiz et al., 2015;). 

 

Table 3. Soil organic matter and carbon of Cedrus deodara forest with elevation. 

Elevation 

(m) 

Soil organic matter % 

(0-15cm) 

Soil organic matter % 

(15-30cm) 

Total soil 

organic matter % 

Soil Organic Carbon 

(t ha-1) 

2360 2.68 1.14 3.82 69.9 

2383 3.36 0.94 4.3 78.06 

2405 3.52 1.25 4.77 82.60 

2425 3.14 0.98 4.12 77.55 

2467 2.74 1.19 3.93 69.04 

2500 3.02 0.78 3.8 66.44 

2528 2.14 0.98 3.12 59.51 

2528 0.88 1.83 2.71 46.93 

2543 2.8 1.1 3.9 69.49 

2560 2.2 1.51 3.71 67.66 

 

Soil Bulk density 

The soil particles were assessed in each study site. 

The average soil bulk density ranged from 1.03 (g 

cm3). The minimum average soil bulk density was 

recorded 0.99(g cm3) while maximum soil bulk 

density was recorded 1.01(g cm3). The details of soil 

bulk density at the depth of 0-15cm and 16-30cm is 

given in Table 2. In order to find out the relationship 

between soil bulk density and elevation, the 

regression model was developed. The relationship 

between soil bulk density and elevation is polynomial 

quadratic. The value of R2 was 0.06 showed positive 

correlations as shown in Fig. 3.The present findings 

of the study showed variation in soil bulk density with 

respect to elevation while previous studies confirmed 

that soil bulk density was higher at a lower altitude as 

compared to higher altitude (Kidanemariam et al., 

2015, Sevgi, 2003). The current result showed 

variation may be due to an aspect, soil depth and 

climatic condition.   

 

Soil organic carbon 

For the determination, the Soil organic carbon, the  

soil organic matter (SOM) was calculated by Walkley 

and Black method in the laboratory. The average total 

Soil Organic matter was recorded 3.81%. A regression 

model was developed for the relation of soil organic 

matter and elevation. The relation between soil 

organic matter and elevation was negative. 
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Fig. 2. Regression between Elevation and Soil PH. 

The value of R2 was 0.39 shown in Fig. 4. The results 

of the present study show that the average soil 

organic carbon soil of Cedrus deodara forest land 

hold 68.73 (t ha-1) at average 2470 (m) elevation. The 

regression model was developed to better understand 

the relationship between soil organic carbon and 

elevation as shown in Fig. 5. The relation is poly 

nominal quadratic. The value of R2 was 0.40. 

 

Fig. 3. Regression between Elevation and Soil Bulk density. 

The average soil organic carbon was recorded 75.45(t 

ha-1) at lower elevation while 62.00(t ha-1) was 

recorded at higher elevation as shown in Table 3. The 

soil organic matter percentage is decreasing with 

increase in altitude. It may be due to less amount of 

organic material available for the plant to survive with 

low temperature at higher altitude (Bromley, 1995).  

 

The present result showed a negative correlation 

between organic matter content with altitude. Some 
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previous studies reported the effects of soil organic 

matter contents along an elevation gradient, soil 

organic matter decrease with the increase in elevation 

(Panthi, 2010). Similarly, the soil carbon also 

decreases with the increase in elevation gradient, May 

due to change in climatic condition and accumulation 

of organic matter.   

 

 

Fig. 4. Regression between Elevation and Soil organic matter. 

 

Fig. 5. Regression between Elevation and Soil carbon. 

Conclusion  

The study concluded that the average Soil carbon 

stock potential of Cedrus deodara forest in Kumrat 

valley was recorded 68.73 (t ha-1). The soil is the 

second highest carbon sink after trees. So, further 

studies should be conducted to examine the capability 

of soil carbon and confirm future prediction in 

different forest types. Moreover, the areas were 

founded remote and due to raising severe human 

disturbance and livestock population, the area was 

affected harshly. So, the forest department is directed 

to raise awareness of local people and give special 

attention to this new raising problem. 
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