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ABSTRACT 

Background: The soil properties majorly depend upon the soil organic matter encompasses as it represents the wide ranging 
carbon reserves in the earth's environment have followed 11% of soil organic carbon in forest soils around the world; hence, the 
present was conducted under seven forests in mid-hills of Himachal Himalayas during 2019-20. 
Materials: The soil samples from three deeps were collected (0-20, 20-40 and 40-60 cm) under seven selected forests viz. 
northern dry mixed deciduous forests, Himalayan Chir pine forest, ban oak forest, moist deodar forest, Mohru oak forest, low-
level blue pine forest and Kharsu forest at four locations. The properties like soil organic carbon content, bulk density, coarse 
fragments and soil organic carbon stock were evaluated. 
Results: The soil organic carbon was highest (32.3 g kg-1) under Kharsu, bulk density (1.12 Mg m-3) and coarse fragments (37.4%) 
under Mohru forests. The Kharsu forests contained the highest (41.4 Mg C ha-1) whereas Northern dry mixed deciduous forests 
lowest (16.6 Mg C ha-1) soil organic carbon stock. The contribution of deodar forests towards the total Soil organic carbon (SOC) 
pool of the study area was 46.32% followed by 23.24, 15.7, 6.14, 5.89, 1.64 and 1.03% by chir pine, blue pine, ban oak, kharsu, and 
mohru oak and northern dry mixed deciduous forests, respectively.  
Conclusion: The soil organic carbon was highest under Kharsu, bulk density and coarse fragments under Mohru forests and highest 
organic carbon stock under deodar forests. A decreasing trend in organic carbon, carbon stock and increase in bulk density & 
course fragments was observed with depth. 
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INTRODUCTION 

The soil properties majorly depend upon the soil organic 

matter (SOM) enclosing all organic constituents in the 

soil and is traditionally divided into “dead” and “living” 

components whereas SOC is the carbon component of 

SOM. Soils are the main carbon reserves in the terrene 

ecosystem, with 11 per cent of organic soil content in 

forest soils [1,2].  
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Globally, forests store significant quantities of carbon 

sequestered from the environment and stored in living 

and non-living biomass and soil [3,4]. More than 40 per 

cent of the carbon in soil is contained underneath 

forests. 

The carbon pools of forest soils are not well understood 

compared with the carbon pools above ground [5,6]. The 

huge spatial variations in organic forest soil also 

restricted the ability to predict its spatial distribution 
[4,7,9].  For soil quality assessments, inventory analysis and 

soil organic carbon exploration is needed [10,11] and 

carbon cycling predictions [12], which are worthy tools for 

state and regional planning [13,14]. Physical properties of 

soil like structure, texture, particle size, composition are 

affected by agrarian activities, dominating tree species 

and the site characteristics [15].  
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Considering that, the present research was planned to 

assess the soil properties under different forests in mid-

hills of Himachal Himalayas focused on the organic form 

of carbon under different forests. 
 

MATERIALS AND METHODS 

Study area location- The present investigation was 

carried in the Department of Environmental Science, 

College of Forestry, Dr. Y S Parmar University of 

Horticulture and Forestry, Nauni, Solan (HP) by selecting 

seven different forest types of Mandi district falling in 

the mid-hill of Himachal Himalayas during 2019-20 (Fig. 

1).

  

 

Fig. 1: Study area in mid hills of Himachal Himalayas
 

The geographic location of the study site was between 

31°42′25″ Northern latitude 76°55′54″East longitudes 

with altitude varies between 503m to 4,034 m amsl with 

subtropical highland climate having hot summers and 

cold winters generally experiences rainfalls during end of 

the summer season. Temperatures typically range from 

6.7 °C to 39.6 °C over a year. Monthly precipitation varies 

between 25.4 mm in November to 228.6 mm in August. 

The average total annual precipitation is 832 mm. 
 

Collection and Analysis samples- Seven different forests 

viz. Northern dry mixed deciduous forest, Himalayan chir 

pine forest, Ban oak forest, Mohru oak forest, Moist 

deodar forest, Low-level blue pine forest, Kharsu oak 

forests of the district were selected for the study. Based 

on spatial variations under each forest three prominent 

locations were identified which replicated thrice (Fig. 1). 

The soil samples from 0-20 cm, 20-40 cm and 40-60 cm 

depth were collected from the identified locations. The 

samples then brought to the soil analysis laboratory, air- 

 

dried under the shade, ground with wooden pestle 

mortar, passed through 2 mm sieve and further through 

0.5 mm sieve and stored in cloth bags for analysis. SOC 

was determined by Gelman et al. [16] method, bulk 

density was measured by core method [30] and then the 

soil organic carbon [5] stock (Mg C ha-1) was calculated by 

the following formula as: 
 

SOC= [SOC] x Bulk Density x Depth x Coarse Fragments x 
10 

 

Where, 

SOC= Soil organic carbon stock for the soil of each forest, 

Mg C ha-1 

[SOC]= Concentration of SOC in given soil mass, g C (kg 

soil)-1, obtained from lab analysis 

Bulk Density= Soil mass per sample volume, Mg m-3 

Depth= Sampling depth or thickness or soil layer (cm) 

Coarse Fragments= 1– (Volume of coarse fragments 

(%)/ 100)  

Being ration, it is dimensionless. 
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The data generated thus, further statistically analyzed 

according to the Gomez and Gomez, [17] procedure for 

randomized block design. The properties like soil organic 

carbon content [5], bulk density [30], coarse fragments [28] 

and soil organic carbon stock [23] were evaluated. 
 

 

 

 

RESULTS  

Variation of organic carbon- The highest content (33.9 g 

kg-1) of soil organic carbon was observed under Kharsu 

forests at D1 (0-20 cm) depth followed by Deodar (31.3 g 

kg-1) at the same depth. The lowest content (10.2 g kg-1) 

was recorded under northern dry mixed deciduous 

forests at D3 (40-60 cm) depth (Table 1). 

Table 1: SOC, SBD, SCF and SOCS distribution under different forest types at different depths 
 

 

F1= Deodar, F2= Blue Pine, F3= Chir Pine, F4= Ban Oak, F5= Kharsu Oak, F6= Mohru Oak, F7= Northern dry mixed deciduous 

 

The descending trend in soil organic carbon among 

different forest types was observed as F5 > F1 > F2 >F4 > F3 

> F6 > and F7 (Fig. 2a). The amount of soil organic carbon 

was found highest in the uppermost soil layer and it was 

continuously declining with rising depth across all types 

of forest. The decreasing rate was 2.4 g Kg-1 per 20 cm of 

soil depth (Table 2), which was highly significant 

(R2=0.98). 
 

  

(a) (b) 

Forest 

types 

Soil organic carbon (SOC) 
(g kg-1) 

Soil bulk density (SBD) 
(Mg m-3) 

Soil coarse fragments 
(SCF) (%) 

Soil organic carbon 
stock (SOCS) 
(Mg C ha-1) 

Soil depth (cm) 

D1 

(0-20) 

D2 

(20-40) 

D3 

(40-60) 

D1 

(0-20) 

D2 

(20-40) 

D3 

(40-60) 

D1 

(0-20) 

D2 

(20-40) 

D3 

(40-60) 

D1 

(0-20) 

D2 

(20-40) 

D3 

(40-60) 

F1 31.3 28.3 23.7 0.90 1.04 1.13 23.0 27.9 35.1 43.1 41.9 34.4 

F2 21.8 18.8 15.3 0.95 1.07 1.19 33.1 37.0 39.9 27.9 26.0 22.2 

F3 19.4 15.0 12.8 1.01 1.11 1.19 29.2 33.9 37.5 27.8 22.1 19.0 

F4 20.8 18.3 16.4 1.01 1.09 1.18 24.0 26.9 29.7 32.0 29.3 27.2 

F5 33.9 32.2 31.0 0.86 0.94 1.05 25.1 32.9 39.0 44.0 40.4 39.9 

F6 14.9 13.5 12.1 1.01 1.12 1.24 35.8 37.2 39.2 19.2 19.1 18.5 

F7 

 
13.5 11.2 10.2 1.01 1.12 1.25 34.9 36.5 38.7 18.0 16.0 15.9 
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(c)   (d) 
 

Fig. 2: Descending trend of soil organic carbon  

(a) Bulk density (b) Coarse fragments (c) Organic carbon stock (d) Under different forests of Mandi district (HP)
 

Variation of bulk density (BD)- The soil bulk density of all 

the forests and depths was ranged from 0.86 Mg m-3 to 

1.25 Mg m-3. It was found highest (1.25 Mg m-3) under 

northern dry mixed deciduous forests at 40-60 cm depth 

followed by Mohru forests (1.24 Mg m-3) at the same 

depth, whereas, lowest (0.86 Mg m-3) bulk density was 

observed under Kharsu forest at 0-20 cm depth followed 

by the same forest at 20-40 cm soil depth (Table 1). 

Among the different forest the descending trend in soil 

bulk density was observed as F7 > F6 > F3 > F4 >F2 >F1 and 

F5 (Fig. 2b).  This increasing trend in soil bulk density 

indicated that the compaction of soil increases and 

hence the quality decrease with depth which may be due 

to that the organic contents were observed decreasing 

with depth. The mean soil bulk density under all the 

forests was continuously decreasing with depths at a 

rate of 0.10 Mg m-3 per 20 cm depth (Table 2), which 

indicated that the soil quality decreased with depth. 
 

Table 2: Correlation statistics of SOC, SBD, SCF and SOCS 

with depth 
 

Soil parameters Intercept Rate R2 

SOC 24.6 -2.45 0.98 

SBD 0.86 0.105 0.99 

SCF 25.4 3.85 0.98 

SOCS 32.6 -2.45 0.99 
 

SOC= Organic carbon, SBD= Bulk density, SCF= Coarse fragments, 

SOCS= Organic carbon stock 

 

 

Variation of coarse fragments (CF)- The gravel contents 

of the soil under selected forest types and depth was 

found between 23.0 to 39.9 per cent. Up to 60 cm depth 

the highest coarse fragments were found under Mohru 

Forest (37.4%) followed by Northern dry mixed 

deciduous forest (36.7%) and the lowest (26.8%) under 

Ban oak forest followed by Deodar forest (28.6%) which 

was at par with Kharsu forest (Table 1). In respect of 

coarse fragments a descending order of different forest 

like F6 >F7 > F2 >F3 > F5 > F1 > F4 was observed (Fig 2c). On 

an average, the soil coarse fragments under all the 

forests were continuously increasing with depths at a 

rate of 3.85 % per 20cm depth (Table 2), which indicated 

that the soil quality was decreasing with increasing soil 

depth.  
 

Soil organic carbon stock (SOCS)- Exact estimation of 

SOC stocks is important in order to understand the 

connection between atmospheric and terrestrial carbon. 

The highest SOC stock (44.0 Mg C ha-1) was recorded 

under Kharsu oak forests followed by Deodar (43.1 Mg C 

ha-1) and the lowest (15.9 Mg C ha-1) was under Northern 

dry mixed deciduous forests (Table 1) in uppermost soil 

layer (0-20 cm). The descending trend like: F5 > F1 > F4 > 

F2 > F3 >F6 > F7 was observed among different forests 

(Fig. 2d), which may be due to variability land use 

pattern and management practices [24]. The mean value 

of SOC under all the forests was decreasing with a rate of 

2.4 Mg C ha-1 per every 20cm soil depth (Table 2). The 

average SOCS up to 60 cm layer under different forests 

was ranged from 34.6 to 1549.3 Gg C with highest 
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(1549.3 Gg C) under Deodar and lowest (34.6 Gg C) 

under Northern dry mixed deciduous forests. The total 

SOC stock of different forest was recorded to the tune of 

3344.2 Gg C of the soil. The variability in SOC depending 

on land use pattern, management practice, vegetation 

type, landscape, anthropogenic disturbances and 

climate. 
 

DISCUSSION 

The significantly highest amount of SOC content was 

recorded under the northern dry mixed deciduous forest 

of Kataula followed by that of Tattapani location. It was 

also observed that the SOC was decreased continuously 

with depth under these. This may be due to that these 

forests show least mitigation potential and there is the 

continuous addition of higher quantities of plant litter, 

roots and other biomass to the surface may lead to a 

higher organic carbon content to upper depth than that 

of the lower depth. Similar, results were obtained by 

Panwar and Gupta [18]; Kaushal [19] and Bhola [20] in the 

northern dry mixed deciduous forest of Himachal 

Pradesh. The lowest SOC content was observed in the 

forest of Pandoh. The data indicated that SOC 

distribution pattern varies significantly with soil depth. 

On an average, among all the forests the amount of soil 

organic carbon was found highest in the uppermost soil 

layer and it was continuously decreasing with increasing 

soil depth under all the forest types and the decreasing 

rate was highly significant. Similar results were obtained 

by Reddy and Gupta [21]; Bhoumik and Totey [22] under 

different forest types.  

The highest value of Bulk density was recorded under 

Himalayan Chir pine forest of Pangna followed by Kharsi 

location and lowest under Khaliyar location. The present 

findings confirmed with the observations of Shah et al. 
[23] which showed an increase of bulk density with 

increasing depth. The interaction effect of location and 

depths was found statistically non-significant. The 

descending trend in soil bulk density among different 

forest was observed as F7 > F6 > F3 > F4 >F2 >F1 and F5. The 

soil bulk density was showing a continuously highly 

significant increasing trend with depth under all the 

selected forests which indicated that the soil quality 

decreased with depth [24].  These results were endorsed 

by Karan et al. [25] and Cihacek and Ulmer [26].  

Up to 60 cm depth the highest coarse fragments were 

found under Mohru Forest followed by Northern dry 

mixed deciduous forest and the lowest under Ban oak 

forest followed by Deodar forest which was at par with 

Kharsu forest. A descending order of different forest like 

F6 >F7 > F2 >F3 > F5 > F1 > F4 was observed in respect of 

coarse fragments. Stoniness regarded as the greatest 

uncertainty in SOC stock estimates [27].  Similar results 

were obtained by Anu [28] with depths.  

Forests are the wide-ranging carbon pool on earth which 

acts as a considerable source and sinks of carbon in 

nature [29]. Thus, it has the prospective to form most 

important constituents to combat global warming, and 

adapt to climate change. Forest carbon stock estimation 

allows the amount of carbon loss during deforestation to 

be calculated as the amount of carbon that a forest can 

store when those forests are regenerated. Exact 

estimation of SOC stocks is important in order to 

understand the connection between atmospheric and 

terrestrial carbon [30]. The higher SOC content of Kharsu 

forest than that of Deodar forest might be due to change 

in climatic conditions at higher elevation [31]. The high 

SOC content under deodar forests as compare to Blue 

pine, ban, chir, mohru and mixed dry deciduous forest 

may be attributed to minimum anthropogenic 

disturbances than that of other forests. The high SOC 

may also be ascribed to the high tree density and 

accumulation of more leaf litter which showed 

consonance with the finding of Zegeye [32]; Kater et al. [33].  

The interconnection between forest types and depth was 

found to exert statistically significant influence on SOC 

content. The mean value of SOC under all the forests was 

decreasing with soil depth. The average soil organic 

carbon stock up to 60 cm layer under different forests 

was highest under Deodar and lowest under Northern 

dry mixed deciduous forests. Similar results were 

obtained by Minj [34]. The descending trend SOC like: F5 > 

F1 > F4 > F2 > F3 >F6 > F7 was observed among different 

forests which may be due to variability land use pattern 

and management practices [35]. 
 

CONCLUSIONS 

The order followed by bulk density under different 

forests was as Mohru > Northern dry mixed deciduous > 

Chir pine > Ban oak > Blue pine > Deodar > Kharsu forests 

by coarse fragments as Mohru > Northern dry mixed 

deciduous forest>Blue pine >Chir pine forest>Kharsu 

forest >Deodar forest >Ban oak forest. The highest SOC 

stock was found in Deodar forests and in northern dry 

mixed deciduous forests. The deodar forests contribute 

highest in SOC pool followed by chir pine, blue pine, ban 
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oak, Kharsu, Mohru oak and northern dry mixed 

deciduous forests respectively. Soil organic carbon stock 

followed an order as Kharsu > Deodar > Ban > Blue pine > 

Chir pine > Mohru >Northern dry mixed deciduous 

forest. We suggest measuring the fine soil stock of a 

certain soil layer for future studies which is to be 

multiplied with its SOC material to obtain unbiased SOC 

stock estimates. When measuring rock pieces, SOC 

stocks of existing datasets may also be recalculated in 

the case of re-sampling.  

The study might be useful for the better management of 

soil and forests and Assessment of the potential for 

mitigation of agricultural practices at industry, area or 

farm level particularly in the study area and as a whole 

state in general. 
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