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Forests can capture and retain enormous amount of carbon over long period of time. Their role in 
carbon emission balance is also well documented. However, especially in developing country, wide 
spread deforestation and forest degradation is continuing unknowingly and deliberately. This study was 
conducted to estimate carbon stock in dry Afromontane forest type of Danaba community forest (CF) of 
Oromia Regional State of Ethiopia. A systematic sampling method was used to identify each sampling 
point. Results revealed that the total mean carbon stock of the CF was 507.29 t·ha-1 whereas trees share 
319.43 t·ha-1, undergrowth shrubs 0.40 t·ha-1, litter, herbs and grasses (LHGs) 1.06 t·ha-1 and soil organic 
carbon (SOC) 186.40 t·ha-1 (up to 30 cm depth). The ultimate result implies that Danaba CF is a reservoir 
of high carbon. To enhance sustainability of the forest potentiality, the carbon sequestration should be 
integrated with reduced emission from deforestation and degradation (REDD+) and clean development 
mechanism (CDM) carbon trading system of the Kyoto Protocol to get monetary benefit of CO2 
mitigation.  
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INTRODUCTION 
 
Forests are known to play an important role in regulating 
the global climate. International agreements on climate 
change recognized forests playing an important role in 
mitigating climate change by naturally taking carbon out 
of the atmosphere, thereby reducing the impact of CO2 
emissions (Perschel et al., 2007). The response of forests 
to the rising of atmospheric CO2 concentrations is crucial 
for the global carbon cycle as they have huge potential in 
sequestering and storing more carbon than any terrestrial 

ecosystem (Jandl et al., 2006; Sundquist et al., 2008). 
Even though the role of forests in climate change miti-
gation is widely recognized, the recent assessment 
shows carbon stocks in forest biomass decreased by an 
estimated 0.5 gigatonne annually during the period 2005–
2010 because of a reduction in the global forest area 
(FAO, 2010). Loss of forest biomass through deforestation 
and forest degradation makes up 12 to 20% of annual 
greenhouse gas emission, which is more than all forms of 
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transportation combined (Saatchi et al., 2011). Especially, 
in Africa, forest degradation is very high which accounts 
for nearly 70% of the continent’s total emissions (FAO, 
2005). Hence, the endless rise of carbon emission is one 
of today’s major concerns as it is the main causal factor 
for climate change.   

Ethiopia is facing rapid deforestation and degradation 
of forest resources and experiencing the effects of 
climate change such as an increase in average tem-
perature, and rainfall pattern variability, and is one of 
most vulnerable countries to climate change (World 
Bank, 2009). As Ethiopia is dependent on natural resources 
and agriculture, it is less able to cope with  the  shocks  of  
climate  change-induced  droughts, floods,  soil  erosion  
and other natural disasters. People will find it hard to 
escape poverty if vulnerability to climate change persists. 
The government of the Federal Democratic Republic of 
Ethiopia has therefore implemented National REDD+ 
working document in 2008 and Climate Resilience Green 
Economy (CRGE) Framework in 2011 by means of 
protecting and re-establishing forests for their economic, 
ecosystem services and carbon storage.  

Even if the strategic frameworks focus on carbon 
emission management, Ethiopia does not have carbon 
accumulation records and databank to monitor and 
enhance carbon sequestration potential of different 
forests. Working in CFs would highly support the CRGE 
of Ethiopia by achieving carbon sequestration and 
conservation of biodiversity on the one hand, and 
empowering communities to take part and improve their 
living condition on the other hand since state owned 
forests are unsuccessful in their sustainability in the past 
decades. Although many Ethiopian people are living 
close to forests, the relationship of these people to 
forests has not been emphasized as an opportunity for 
spreading CFs to improve carbon sequestration.  

An integrated forest management approach has been 
initiated in 2000 and named Forest Dwellers Association 
in Danaba CF. Danaba CF is a heavily exploited remnant 
coniferous forests found in West-Arsi Zone of Oromia 
Regional State of Ethiopia. Ongoing threats of observed 
human activities such as agricultural expansion, livestock 
grazing, illegal charcoal production and harvesting for 
firewood and construction which will likely diminish all 
carbon pools unless effective measures are enforced. 
Since large numbers of people are living close to the 
forest, incorporating the existing forest management 
strategy through Forest Dwellers Association with climate 
change mitigation potential of CDM carbon trading system 
of the Kyoto Protocol is important to overcome the problem. 

Therefore, the study was designed to estimate the 
reserved carbon in all carbon pools of trees, shrubs, litter, 
herbs and grasses (LHGs) and soil of Danaba CF which 
would have high important as an information basis that 
can create the environment to attract climate change 
mitigation finances and so to expand and conserve CFs 
in Ethiopia. 
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MATERIALS AND METHODS 
 

Study area 
 

Danaba CF is a 5,437 ha forest that belongs to Adaba-Dodola CF 
priority areas under the administrative of Community Forest User 
Groups (CFUGs). The area is located in West Arsi Zone of Oromia 
National Regional State located 5-11 km South-East of Dodola 
town and 320 km South-East of Addis Ababa, Ethiopia (Figure 1). It 
lies between 06°54'20"N and 6°54'3"N latitude and between 
39°8'19"E and 39°13'50"E longitude with an elevation ranging 
between 2490–3218 m a.s.l. According to Ethiopian National 
Meteorology agency weather data from 1995–2013, the mean 
minimum and maximum temperature of the study area is 3.6 and 
24.3°C, respectively. The mean annual rainfall is 964 mm, of which 
70-80% was received in main wet season of June to early 
September and 20-30% from remaining less pronounced wet 
periods. Vegetation of Danaba CF falls under dry-evergreen 
montane forest with strongly dominated by Juniperus procera and 
Podocarpus falcatus species. The parent soil material is made up of 
volcanic rocks of basalt and tuffs with rare rhyolites and the soils 
are brown or reddish brown of medium texture and freely draining. 
The soil is mostly of Luvisols type with Cherozem occurring in some 
place at lower altitudes (Digital soil and Terrain Data base of East 
Africa, 1997). 
 

 

Sampling design and measurements  
 

The field work for forest inventory was conducted from September 
2013 to March 2014. A systematic sampling method was used for 
identification of sampling points distant 800 m from each other 
resulting in a total of 83 intersection points (Figure1- Sample plots). 
In each intersection, 20 × 20 m (400 m2 equivalent to 0.04 ha) of 
plots were established for biomass inventory and identified using 
GPS and compass in the field. 

In each biomass plot, all tree species were identified and had 
their diameter at breast height (DBH ≥ 2.5 cm) and height measured 
using diameter tape and Suunto Hypsometer, respectively. 
Following Bhishma et al. (2011) recommendations guideline for 
measuring carbon stocks in community managed forests, trees on 
the border were only included if more than 50% of their basal area 
falls within the plot. Trees overhanging into the plot were excluded, 
but trees with their trunks inside the sampling plot and branches 
outside were included. 

Above-ground biomass calculation for trees used a two-way 
method: For tress ≥ 5 cm DBH, Chave et al. (2005) was used while 
trees having between ≥ 2.5 and < 5cm DBH, an allometric model of 
biomass and volume tables with species description for community 
forest management developed by Tamrakar (2000) was applied to 
calculate biomass. 
 

Chave et al. (2005) model: 
 

Y= Exp. {-2.187 + 0.916 ln (D2 × H × S)}                              

 
Where, Y: Above-ground biomass (kg), H: Height of tree (m), D: 
Diameter (cm) at breast height (1.3 m), and S: Wood density (t.m-3) 
for specific species (Morales, 1987; Reyes et al., 1992; IPCC, 
2003).   
 

Tamrakar (2000): 
 

Ln (AGSB) = a + b ln (D) 
 

Where, AGSB: Above-ground sapling biomass (kg), a and b: 
species specific constants (Sharma and Pukkala, 1990; Tamrakar, 
2000), and: Diameter (cm) at breast height (1.3 m).  
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Figure 1. Map of Ethiopia showing Regional States, Danaba CF and location of acquired sample plots. 

 
 
 

Below-ground biomass of tree species was calculated consi-
dering 15% of the aboveground biomass (Macdicken, 1997). The 
biomass of stock density was converted to carbon stock density by 

multiplying 0.47 fraction of the IPCC (2006) default value.  
Additionally, at the center of each main plot a 5 × 5 m sub-plots 

were used for shrub species sampling. Numbers of individuals of 
each shrub species were counted and samples were uprooted.The 
species were divided into above- and below-ground by identifying 
the collar region and fresh weights recorded, and brought to the 
laboratory to determine dry biomass and percentage of carbon. A 
procedure adapted by Ullah and Al-Amin (2012) of the loss on 
ignition (LOI) method was used to estimate percentage of carbon in 
shrub species. In this method, initially taken fresh weight of samples 
was dried at 65°C in the oven for 48 h to take dry weight. Oven 
dried grind samples were taken (3.00 g) in pre-weighted crucibles, 
and then put in the furnace at 550°C for one hour to ignite. The 
crucibles were cooled slowly inside the furnace. After cooling, the 
crucibles with ash were weighed and percentage of organic carbon 
was calculated according to Allen et al. (1986).  
 

Ash = (W3 – W1) / (W2 – W1) × 100  
 

C (%) = (100 – % Ash) × 0.58 (considering 58% carbon in ash-free 
litter material).  

Where, C: Biomass carbon stock, W1: Weight of crucible, W2: 
Weight of the oven-dried grind sample and crucible and W3: Weight 
of ash and crucible. 

For sampling of LHGs (litter, herbs and grasses), a 1 m × 1 m 
sub-plots at all corner and middle positions of each main plot were 
used. LHGs within five 1 m2 quadrats of each main plot were 
collected and weighed on the field, and 100 g of evenly mixed sub-
samples were brought to the laboratory to determine dry biomass 
and percentage of carbon. To estimate the biomass carbon stock, 
the sub-samples taken in the field were used to determine an oven- 
dry-to-wet mass ratio that was used to convert the total wet mass to 
oven dry mass according to Pearson et al. (2005). The amount of 
biomass per unit area was calculated as: 
 

,

,

1
* *

10,000

field sub sample dry

sub sample wet

W W
LHGs

A W





  

 
Where: LHGs: Biomass of leaf litter, herbs and grasses (t.ha-1), 
Wfield: Weight of the fresh field sample of leaf litter, herbs, and 
grasses- destructively sampled within an area of size A (g), A: Size 
of the area in which leaf litter, herbs, and grasses were collected 
(ha), Wsub-sample, dry: Weight of the oven-dry sub-sample of leaf litter, 
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Table 1. Biomass carbon stock of tree species (t.ha-1). 
 

Scientific name Family TAGB TBGB TB TAGC TBGC TC 

Juniperus procera Hochst. Ex Endl. Cupressaceae 331.46 49.72 381.18 155.79 23.36 179.17 

Podocarpus falcatus (Thunb.) R. B. ex Mirb. Podocarpaceae 195.63 29.34 224.97 91.95 13.79 105.73 

Cupressus lusitanica Miller Cupressaceae 23.01 3.45 26.46 10.81 1.62 12.44 

Maytenus arbutifolia (A. Rich.) Wilczek Celasteraceae 18.16 2.72 20.88 8.54 1.28 9.82 

Hagenia abyssinica (Bruce) J.F. Gmel. Rosaceae 7.44 1.12 8.56 3.50 0.52 4.02 

Eucalyptus globulus Labill. Myrtaceae 5.63 0.84 6.47 2.65 0.40 3.04 

Myrsine melanophloeos (L) R. Br. Myrsinaceae 5.10 0.77 5.87 2.40 0.36 2.76 

Ilex mitis (L) Radlk Aquifoliaceae 1.72 0.26 1.98 0.81 0.12 0.93 

Eucalyptus camaldulensis Dehnh. Myrtaceae 0.95 0.14 1.09 0.45 0.07 0.51 

Osyris quadripartita Salzm. ex Decne. Santalceae 0.69 0.10 0.79 0.32 0.05 0.37 

Oncoba spinosa Forssk. Flacourtiaceae 0.39 0.06 0.45 0.18 0.03 0.21 

Olea europaea L. Olacaceae 0.36 0.05 0.41 0.17 0.03 0.19 

Galiniera saxifraga (Hochst.) Bridson Rubiaceae 0.21 0.03 0.24 0.10 0.01 0.11 

Pittosporum viridiflorum Sims Pittosporaceae 0.12 0.02 0.14 0.06 0.01 0.06 

Hypericum revolutum Vahl Hypericaceae 0.07 0.01 0.08 0.03 0.01 0.04 

Myrsine africana L. Myrsinaceae 0.06 0.01 0.07 0.03 0.00 0.03 
 

TAGB, TBGB– total above- and below-ground biomass respectively; TB– total biomass; TAGC, TBGC– total above- and below-ground 
carbon respectively; TC– total carbon. 

 
 
 

herbs, and grasses taken to the laboratory to determine moisture 
content (g), and Wsub-sample, wet: weight of the fresh sub-sample of 
leaf litter, herbs, and grasses taken to the laboratory to determine 
moisture content (g). 

To determine percent of carbon in LHGs, the loss on ignition 
(LOI) method of Allen et al. (1986) was applied. The carbon density 
of LHGs was then calculated by multiplying biomass of LHGs per 
unit area with the percentage of carbon determined for each sample.  

For SOC determination, soil samples were collected within five 1 
m2 quadrats in which LHGs samples were taken. Soil samples were 
collected up to 30 cm in depth (between 0–10, 10–20 and 20–30 
cm depths) using a calibrated soil auger (IPCC, 2006). A composite 
sample was obtained by mixing soil from three layers taken from 
five sub-plots of each main plot in order to determine bulk density 
and organic carbon concentration. About 150 g of composite 
samples were collected from each main plot. To determine SOC, 
field’s moist soil were dried in an oven at 105°C for 12 h in 
laboratory, and re-weighted to determine moisture content and dry 
bulk density. To estimate the percentage of organic carbon, 
samples were analysed by the wet oxidation method (Huq and 
Alam, 2005). The carbon stock density of soil organic carbon was 
calculated as recommended by Pearson et al. (2005) from the 
percentage of carbon and bulk density of soil at predetermined 
depth of the samples were taken.  

 
SOC = % C× ρ × d                                                                                                        

 
Where. SOC:  Soil organic carbon stock per unit area (t.ha-1), %C: 
carbon concentration (%), d: soil depth (cm), and ρ: bulk density 
(g.cm-3).  

The carbon stock is then converted to tons of CO2 equivalent by 
multiplying it by 44/12 or 3.67 of molecular weight ratio of CO2 to O2 

(Pearson et al., 2007) in order to understand climate change 
mitigation potential of the study area.  

 
 
Data analysis 

 
Data for carbon density in trees, shrubs, litter, herbs and grasses 

 and organic soil were processed using MS Excel spreadsheet and 
analysed using SPSS statistical software package. 
 
 
RESULTS 
 
Carbon store in tree species of Danaba CF 
 
Out of the sixteen major tree species recorded in the 
study area, Juniperus procera and Podocarpus falcatus 
stored enormous density of carbon with 179.17 (56.1%) 
and 105.73 (33.1%)t·ha-1, respectively; that amount 
accounts for approximately 90% of the Danaba CF 
carbon stock. J. procera had the highest total above- and 
below-ground biomass carbon with 155.79 and 23.36 
t·ha-1, respectively. The lowest carbon was recorded for 
Myrsine africana with 0.03 and 0.004 t·ha-1 of above- and 
below-ground carbon stock, respectively (Table 1).  
 
 
Carbon stock share within DBH and height classes of 
tree species  
 
Within eight category of DBH classes, 5–20 cm DBH 
class had the highest density of trees with 401 trees ha-1 
(41.8%) while trees with DBH greater than 120 cm were 
the least dominant in the study area and consisting of 4 
trees ha-1 (0.5%). Irrespective of the highest density of 
DBH class, the highest corresponding carbon reserves 
were found in DBH class of >80–100 (25.3%), >60–80 
(20.1%) and >100–120 (15.8%) cm with 80.74, 64.20 
and50.60t·ha-1 of corresponding carbon density, 
respectively. DBH class of 2.5–<5 cm was the reservoir 
of least carbon stock in the CF with 3.65 (0.5%) t·ha-1
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Figure 2. Carbon stock distribution within DBH classes. 

 
 
 
of the total stock density (Figure 2). 

The height of tree species were categorized into eight 
classes, of which height class of >10–15 m had the 
highest density of 355 trees ha-1 (34.5%) while least 
density of trees were found within the uppermost canopy 
of trees with >35 m of height class by accounting 3 trees 
ha-1 (0.3%). From the mean total mean carbon stock of 
the study area stored in above- and below-ground 
biomass of tree species of the study area, the highest 
carbon reserves were found in height class of >25–30 
(25.4%), >20–25 (23.1%) and >15–20 (18.8%) m with 
corresponding stock density of 81.27, 73.79 and 59.97 
t·ha-1, respectively(Figure 3).   
 
 
Carbon store in shrub species of Danaba CF  
 
Among six frequently occurring shrub species of the 
study area, mean carbon density of 0.40 ± 0.16 t.ha-1 
(1.47 CO2 equivalents) was recorded. Conyza hypoleuca 
and Carissa spinarum were the highest and least store of 
carbon with 0.19 (46.3%) and 0.03 (7.3%) t·ha-1, 
respectively (Table 2).  
 
 
Carbon store in LHGs and organic soil  
 
In current inventory of Danaba CF, mean value of 1.06± 
0.31 t·ha-1 carbon density with highest store seems to be 
in grasses. Hence, 3.89 t·ha-1 of CO2 equivalents were 
stored in LHGs biomass. 

The average bulk density of soil in the CF was estimated 

to be 0.937± 0.0535 g.cm-3. The percentages of carbon 
content of the soil in the study area ranges from 2.27–
15.85% with mean value of 6.38±2.6764%. Thus, the 
current average soil organic carbon investigated in the 
study area was found to be 186.40±76.5465 t·ha-1. 
Accordingly, the study area could possibly store 684.088 
t·ha-1 of CO2 equivalents within organic soil. The SOC 
share was varied at different soil depths. Table 3 and 
Figure 4 show variation of SOC among different soil 
profile. The average bulk density of the study area 
increased with depth increment. The mean values of bulk 
density from top, middle and deep soil profile were 0.82, 
0.96 and 0.99 g.cm-3, respectively; however, SOC 
decreased with depth increment (Table 3). 

Thus, this study showed that the carbon density of 
trees, shrubs, LHGs and organic soil were found to be 
319.43, 0.40, 1.06 and 186.40 t·ha-1, respectively. Hence, 
in the current study, the total carbon stock in Danaba CF 
was 507.29 t·ha-1 (Table 4). Accordingly, the maximum 
quantity of carbon stock was found in tree species with 
reservoir of 63% of the total carbon. The forest soil 
organic carbon ranked the second reservoir of carbon 
which has accumulated 36.7% of the total carbon in the 
study area. Shrubs and LHGs’ biomass contributes small 
amount of carbon; stored only 0.1 and 0.2% of the total 
carbon, respectively (Figure 5). 
 
 
DISCUSSION  
 
The assessment of Brown (1997) and Achard et al. 
(2004) on biome-average tropical forest biomass carbon 
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Figure 3. Carbon stock distribution within height classes. 
 
 

 
Table 2. Biomass carbon stock of shrub species (t.ha-1). 
 

Scientific name Family TAGB TBGB TB TAGC TBGC TC 

Conyza hypoleuca A.Rich. Asteraceae 0.30 0.15 0.45 0.14 0.05 0.19 

Maytenus undata (Thunb.) Blakelock Celastraceae 0.18 0.05 0.23 0.03 0.02 0.06 

Rosa abyssinica Lindley Rosaceae 0.09 0.02 0.11 0.04 0.01 0.05 

Dovyalis abyssinica (A.Rich) Warb. Flacourtiaceae 0.08 0.02 0.10 0.03 0.01 0.04 

Erica arborea L. Ericaceae 0.07 0.01 0.08 0.03 0.01 0.04 

Carissa spinarum L. Apocynaceae 0.08 0.03 0.11 0.02 0.01 0.03 
 

TAGB, TBGB– total above- and below-ground biomass respectively; TB– total biomass; TAGC, TBGC– total above- and below-
ground carbon respectively; TC– total carbon. 

 
 
 

Table 3. Soil organic carbon stock at different soil depths 
 

Depth of soil (cm) Bulk density (g.cm-3) Organic carbon (%) SOC (t.ha-1.depth-1) 

0–10 0.82±0.101 11.70±3.243 95.01±15.550 

10–20 0.96±0.162 6.35±3.182 59.34±12.441 

20–30 0.99±0.151 5.42±2.549 52.11±13.893 

F 6.61 19.05 11.87 

P 0.0032** 0.0000** 0.0001** 
 

** Values significant at α=0.05 (95%); SOC- soil organic carbon. 
 
 
 

stock estimates and implications for global carbon cycle, 
the average carbon stock of Sub-Saharan Africa, Tropical 
Asia and Brazilian Amazon forests are 143, 151, 186 t.ha-

1, respectively. On the other hand, the mean biomass 
carbon stocks of trees in the Natural Forest of 
Bangladesh is 110.94 t·ha-1 (Ullah and Al-Amin, 2012), 
and Community Forest of Mid Hill Region of Nepal is 

71.36 t·ha-1 (Anup et al., 2013). Hence, the present study 
was exceedingly higher than those continental and 
countries study as we found 507.29 t·ha-1. Above- and 
below-ground trees carbon stock was comparable to the 
previous Ethiopian studies of tree biomass carbon of 
Egdu Forest (Adugna et al., 2013) and Tara Gedam 
Forest (Mohammed et al., 2014) while greater than
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Figure 4. Soil organic carbon variation along different soil depth. 
 
 
 

Table 4. Total carbon stock (t.ha-1) in Danaba CF of Oromia Regional State, Ethiopia in 2014. 
 

Carbon pools TAGB TBGB TB TAGC TBGC C(LHGs) SOC TC 

Trees 591.00 88.65 679.65 277.78 41.65 

 
 

 

Shrubs 0.80 0.28 1.08 0.29 0.11 

LHGs 
     

1.06 

Soil 
      

186.4 

Total 591.80 88.93 680.73 278.03 41.76 1.06 186.4 507.29 
 

TAGB, TBGB– total above- and below-ground biomass respectively; TB– total biomass; TAGC, TBGC– total 
above- and below-ground carbon respectively; C(LHGs) – Litter, herbs and grasses biomass carbon; SOC – soil 
organic carbon; TC– total carbon. 

 
 
 

 
 

Figure 5. Carbon stock percentage in different 
forest strata. 

 
 
 

Selected Church Forests (Tulu et al., 2013) and Woody 
Plants of Mount Zequalla Monastery (Abel et al., 2014). 

The variation might come from variation of age of the 
trees, existing species, and management of the forests. 
The use of an allometric model for biomass estimation 
might also help in explaining the difference in estimated 
value as explained that reliance on allometric equations 
could be one of the limitations resulting in large variations 
in such estimates (Lasco et al., 2000).    

The mean carbon stock of shrub species of the CF was 
comparable to the carbon density found in Natural Forest 
of Bangladesh (Ullah and Al-Amin, 2012) while smaller 
than in Community Forests of Mid Hill Region of Nepal 
(Anup et al., 2013). Shrub species of Danaba CF 
contributed small biomass carbon by accounting only 
0.1% of the total stock density. Huge canopies and 
observed seasonal plantation of tree species is unsui-
table for shrub species regeneration. 

LHGs biomass also shared small amount of carbon in 
the CF. The assessment on mean litter carbon of tropical 
forests varies between 2.6–3.8 t·ha-1 as reported by 
Brown and Lugo (1982) and 2–16 t.ha-1

 by Brown (1997).The 
result was lower than those ranges. The mean stock 
density  was  also lower  than  most  previous studies of 



 
 
 
 
Ethiopian forest. The reason for the small carbon stock of 
LHGs is due to huge closed canopies of J. procera and 
P. falcatus up to the near ground making the growth of 
herbs and grasses unsuitable. The dominance of evergreen 
tree species of Danaba CF has also contributed to the 
existence of small litter falls. As the study area had 
mountainous manifestation, litter run off occurred and 
might cause for small carbon account in this pool. As the 
field data measurement was conducted in partial dry 
season, seasonal variation might also had significant 
contribution.  

SOC of the study area was higher than the above 
mentioned Ethiopian forests of Menagasha Suba State 
Forest, Selected Church Forest, Woody Plants of Mount 
Zequalla Monastery and Woody Plants of Arba Minch 
Ground Water Forest. SOC estimates of Afromontane 
Rain Forests varies between 252 and 581 t·ha-1 (Munishi 
and Shear, 2004). The result of the present study was 
lower than this range. Besides, the value was also lower 
than that of Tara Gedam and Egdu Forests of Ethiopia. 
Rainfall and temperature variation of the studies might 
have contribution for this variation. Besides, mountainous 
manifestation of the study area might cause early run off 
litter, herbs and grasses which contributed to soil organic 
matter in decomposition. In the present study, SOC was 
found to be the highest inthe soil top layer, and this may 
be due to the accumulation and rapid decomposition of 
forest litter in the top soil (Figure 4). The pattern indicates 
that soil carbon decreased significantly with soil depth 
which revealed major trends in carbon accumulation 
which shows that it is found in the upper soil layers. 
Mendoza-Vega et al. (2003), Chowdhury et al. (2007) 
and Ullah and Al-Amin, (2012) found that more SOC was 
stocked at the soil depth of 0–14 cm. So, the result was 
in high conformity with those findings.  
 
 

Conclusion  
 

We observed that tree species stored the highest carbon 
stock of all carbon pools and J. procera reserved the 
highest biomass carbon stock. More than 50% of the 
trees were found in <20 cm DBH class. Hence, the study 
showed the forest is dominated by young trees after the  
implementation of community forest management through 
plantation and natural regenerations. The ultimate inference 
indicates that, there is high potential of increasing bio-
mass carbon stock in the future if appropriate manage-
ment of the forest is implemented. Existing timber harvesting 
should be done in a sustainable manner without disturbing 
the young trees to grow and increase their biomass. 
Communities should focus only on old and dead trees to 
fulfill the demand of firewood. Forest soil was also found 
to have a good reservoir of carbon stock in this forest. 
Different undergrowth shrubs and LHGs were also 
important pools that contributed to carbon sink in the CF 
though the carbon density were small as compared to 
many  tropical  forests.  The  CF  was  the  reservoir  of  
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potentially high amount of carbon as compared to similar 
areas in the tropics particularly in tropical Africa, Asia and 
Latin America. Currently, the CF had the capacity to store 
507.29 t·ha-1 carbon; helping in mitigating climate change 
by sequestering 1861.75 t·ha-1 of CO2 equivalents which 
implies that remarkable carbon finance benefit has to be 
demanded. However, ongoing threats of observed human 
activities such as agricultural expansion, livestock grazing, 
harvesting for firewood and construction and illegal charcoal 
production will likely diminish all carbon pools unless 
effective measures have to be enforced. The carbon 
sequestration should be integrated with REDD+ and CDM 
carbon trading system of the Kyoto Protocol to get 
monetary benefit of carbon dioxide mitigation which can 
be helpful for the sustainability of the forest.  
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