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Abstract: The important climate-related functions of forest ecosystems are carbon sequestration, regulating the global 
carbon cycle and climate change mitigation. About 80% of the terrestrial carbon is stored as forest biomass and soil organic 
carbon. Deforestation and forest degradation show an alarming high, mainly due to the conversion of natural forest to 
commercial and cereal crop production. By considering this issue, this study was conducted with the aim to assess the effect of 
coffee expansion on carbon stock of the natural forest ecosystem in Gidame woreda. The study site was stratified in two strata: 
undisturbed natural forest and disturbed coffee forest. A total of 71 nested square sample plot was determined, proportionally 
allocated (29 for undisturbed and 42 for disturbed/coffee forest) and randomly distributed within each stratum. In both cases, 
the diameter at breast height and tree height were measured; litter sample was collected by harvesting and weighing technique. 
A total of 72 composite soil samples were also collected from proportionally and randomly selected 24 sample plots; 10 from 
undisturbed natural forest and 14 from disturbed coffee forest for SOC quantification in three layers (0-15cm, 16-30cm, and 
31-45cm). From these forest inventory data, the above-ground biomass carbon stock was estimated by using allometric 
equations. The below-ground biomass carbon stock was derived from the above-ground carbon stock. The results showed that 
the biomass carbon stock was 298.758 ± 9.4tc/ha for undisturbed natural forest and 199.895 ± 11tc/ha for disturbed coffee 
forest and the difference is statistically significant as p < 0.05. This revealed that the disturbance of this natural forest 
ecosystem, which is associated with the conversion of natural forest to the coffee cultivation area, resulted in the loss of 
33.09% of the biomass carbon stock. The SOC is 148.40 ± 12tc/ha for undisturbed forest and 153.80 ± 4.30tc/ha for disturbed 
coffee forest has no significant difference as p > 0.05. Therefore, maintaining the biomass carbon sequestration potential of this 
natural forest ecosystem should be required through the implementation of different conservation mechanisms. 
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1. Introduction 

Natural forest is multilayered vegetation dominated by trees 
(evergreen or semi-deciduous), who’s combined strata 
overlapping crowns and where grasses in the herbaceous stratum 
are generally rare [1]. The important climate-related functions of 
this forest ecosystem are carbon sequestration and carbon 
storage, which creates carbon stock. These functions are the 
most faithful option for carbon sequestration, plays a crucial role 
in regulating the global carbon cycle and climate change 
mitigation [2]. About 80% of the terrestrial carbon is stored as 
forest biomass and soil organic carbon [3]. Forest absorbs CO2 
gas from the atmosphere through photosynthesis process and 
stores huge amounts of carbon as biomass that makes up their 

bark, wood, leaves, and roots when trees are growing. These 
stored carbon in all living and dead vegetation can be released or 
emitted in the form of CO2 into the atmosphere by human 
activities when forests are destroyed either by burning or 
through deforestation and forest degradation. So, forest acts as 
the sources and sinks of atmospheric CO2. The emission from 
deforestation and forest degradation accounts for about 25% of 
the summed emissions per year [4]. 

Soil is also the carbon reservoir of the terrestrial carbon cycle 
next to biomass carbon. Soil carbon sequestration is a process in 
which CO2 is removed from the atmosphere and stored in the 
soil carbon pool [5]. About 50% of the soil carbon is stored in 
forests [6], which include dead organic matter and soil organic 
matter [7]. Similar to biomass carbon stock, this soil carbon is 
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also exposed and lost to the atmosphere depends upon soil type 
and management regime. The emitted CO2 into the atmosphere 
from the destruction of biomass and soil organic carbon 
contributes to global warming; which occurs from increased 
atmospheric concentrations of Greenhouse Gases (GHG) 
leading to the net increase of the global mean temperature [8]. 

Ethiopia is endowed with its high species diversities in 
natural forests. Because of its rugged highlands, different 
agro-ecologies, rainfall pattern and soil variability; it has a 
huge wealth of biological resources. These are principally 
attributed to socioeconomic, cultural diversity and complex 
topography of the country. From these ecological diversities 
and diversities of plant species in natural forests, the South 
West Moist Afro-montane forest of Ethiopia is the origin and 
genetic diversity of Coffea arabica species and named as the 
birthplace of Coffea Arabica [9, 10]. As a result, Ethiopia is 
known as one of the centers of the primary coffee plant 
domestication country in the world [11]. 

Even though Ethiopia has different vegetation types and 
species diversity of natural forests, these natural forest areas with 
the occurrence of wild coffee gene pools are under constant 
threats. Legal and illegal deforestation and forest degradation are 
the most important factors that contribute to social, economic, 
and environmental challenges facing mankind in the recent 
century is occurring. This is largely due to anthropogenic 
factors, including coffee management intensification [12]. From 
the four coffee production systems, semi-forest coffee and 
plantation coffee management systems are the major causes of 
forest degradation in the south west part of the country. Studies 
[13, 14] show that the semi-forest coffee management system 
decreases the forest basal area, reduces tree density and 
eventually leads to the disappearance of the forest tree species. 
The intensive coffee management under the selected shade trees 
and the traditional coffee cultivation system, selective cuttings of 
some tree species which the farmers believe to reduce coffee 
production affects the biodiversity-based carbon stock [15, 16]. 
These effects are also being observed in some places in Ethiopia. 

The only preferred coffee shade trees Albizia gummifera, Acacia 
abyssinica, and Millettia ferruginea tree species are left in the 
rich biodiversity of the natural moist evergreen Afro-montane 
forests of the South West Ethiopia [17, 18]. 

In the same way in Gidame woreda, the main cause of the 
problem in the demarcated natural forest area is driven by the 
need to expand coffee plantation in natural forest. Near to local 
people only the knowledge of understanding the ongoing 
processes at the forest margin as deforestation; but not to consider 
the extent of the persisting forest patch degradation. Land shortage 
in traditional farming systems, rapid population growth, poor 
economic performance, and the need for economic growth were 
increase competition of encroachment among these people and 
converting natural forest to the coffee cultivation area to improve 
their livelihood economy. Even though this woreda has high 
coverage of evergreen moist montane forest, the forest is 
threatened by the pressure from coffee expansion and there is no 
study on how this conversion is affecting the carbon stock of 
natural forest. By considering this issue, this study was conducted 
with the aim to assess the effect of coffee expansion and its 
management activities on carbon stock of the natural forest 
ecosystem in this woreda. Hence, the understanding of human 
activities which lead to the decline of carbon stock density is the 
fundamental bases for the development of policies which aim to 
alter current trends in forest activities toward a more climate and 
environmental-friendly outcomes. 

2. Material and Methods 

This study was conducted in Gidame woreda, in Kellem 
Wollega Zone, Oromia Region, Ethiopia, which is located at 688 
km west of Addis Ababa. It is bordered on the North by Beghi 
woreda, on the South by Anfillo woreda, on the East by Jimma 
Horo woreda, and on the West by South Sudan country. 
Geographically it is located between 8° 38' 00" N to 9° 12' 00" 
N Latitude and 34° 10' 00" E to 34° 42' 00" E Longitude, 
altitude ranges 1500-2300 m ASL and its town Gidame. 

 

Figure 1. Map and geographical location of Gidame woreda and the study area of forest. 
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The major agro-ecologies of this woreda are 8% Dega, 

75% Woina-Dega and 17% Kolla. The maximum temperature 
ranges from 23 to 26°C with an average annual temperature 
of 25.2°C and the lowest annual temperature ranges from 
7.6–19.8°C with an average of 12.16°C. The rain seasons are 
spring (March-May), summer (June–August) and autumn 
(September–November). The average annual rainfall of the 
district ranges between 941-1635 mm and uni-modal rainfall 
and 47,004 hectares covered by evergreen moist montane 
natural forest. 

2.1. Sources of Data 

To achieve the objective of this study, both primary data 
and secondary quantitative data was used. The primary data 
were obtained from the forest inventory based field surveys 
in the study area of forest which covers four kebeles of the 
woreda by using a non-destructive data collection 
technique. The secondary data were obtained from 
published previous biomass carbon stock assessment 
journals, thesis and project reports on evergreen moist Afro-
montane forests in Ethiopia for representative sample 
intensity determination. 

2.2. Sample Size Determination, Sampling Techniques, and 

Design 

A preliminary survey was carried out within the study area 
for deciding the proper type of design and intensity of 
sampling that was appropriate regarding the natural attributes 
of vegetation type and forest coverage. The boundary and 
area of the study site were determined and delineated. 
Naturally, the agro-ecology and vegetation characteristics of 
this forest ecosystem were no difference except the 
influences of year to year coffee expansion and management 
activities. It is dominated by very large trees such as 
Aningeria adolfi-friedericii, Apodytes dimidiata, Albizia 
gummifera, Olea welwitschii, Strychnos spinosa and consists 
of other shrubs, lianas and different size tree species 
composition with different layers of canopies. Thus, the 

study site was stratified into two strata, or compartments of 
closed forest (i.e., undisturbed natural forest) and disturbed 
natural forest (i.e., where converted to coffee) depending 
upon anthropogenic factors (disturbance history) to make 
homogeneous characteristics and available for comparison by 
using GPS. The appropriate simplicity nested square plot-size 
rules presented in the table 1, that can be applied to any 
forest research was used for sample plot size, to include all 
the data of vegetation types, tree size and tree species grown 
in this natural forest [19]. 

Table 1. Nested square plot-size desired and used for forest inventory data 

collection. 

Stem diameter and litter Square plot Area (m2) 

Litter 1 m × 1 m 1 

trees 5-20 cm dbh 7 m × 7 m 49 

Trees 21-50cm dbh 25 m × 25 m 625 

Trees > 51cm dbh 35 m × 35 m 1225 

After the sample plot shape and area were determined, 
the required sufficient number of representative sample 
plot intensities was calculated for adopting a stratified 
random sampling method by using the next area based 
formula [20]. 

n = �
�
��	�

	

	×���

�  

Where: n = the required total number of sample plots, A 
= allowable error (10%), t = the sample statistics from the t-
distribution for 95% confidence level, t is usually set at 2, N 
= total number of sampling unit in the study area, and wcv 
= weighted coefficient of variation 42; it was calculated for 
both compartments from empirical secondary cruise data 
sources of previous studies on biomass carbon stock of 
forest ecosystems in Ethiopia which are similar to forest 
ecosystem of the present study site. The obtained total 
sample plots were proportionally allocated depending upon 
the area coverage of the stratum/compartment as sown in 
table 2. 

Table 2. Area-based proportional allocation of sample plot intensities estimated for both strata /compartments. 

Forest compartment Area (ha) Ni Area fraction (Afi) CVi ��	 = 	�� × [��� × ���
��� ] 

undisturbed natural forest 2064 16849 0.4 42 29 

disturbed /coffee forest 3112 25404 0.6 41 42 

Total (A, N, wcv and n) 5176 42253 1 42 71 

Ni= sampling frame, Afi = area fraction, CVi = coefficient of variation for each stratum, ni = number of sample plot for each stratum. 

The estimated numbers of sample plots were spatially 
distributed on base map of the study area by using a stratified 
random sampling approach for both strata using GRASS 
QGIS 3.2 version software research tool vector menu as 
shown in Figure 2. The X and Y coordinates of all these 

generated sample points were recorded. The field survey 
checklist was prepared in a table format for measurements of 
quantitative data. Field note was also used to collect 
information about the collected data in a written format from 
observation. 
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Figure 2. Randomly distributed sample plots on base map of the study area. 

Plot establishment: The positions of the distributed sample 
points were found by GPS guide on the ground. Before 
delineating plot boundaries a simple trigonometric 
calculation distance on the sloping ground was calculated by 
the desired length divided by the cosine of the angle of the 
slope (d = 35 m/cos θ) in the field for slope correction using 
a clinometer for inclined surface. Then the desired concentric 
nested square plots were constructed on the ground by using 
meter tape and rope. 

 
Figure 3. Layout of sample plot design on the ground used for data 

collection. 

2.3. Data Collection 

The parameters needed to estimate above-ground biomass, 
diameter at breast height (DBH) and tree height (H) were 
measured by using diameter tape and hypsometer. For trees 
and coffees with multiple forks begin below 1.30 m, shrubs 
near to the ground or at collar and 0.40 m height respectively, 
the DBH of each fork were measured separately. plant 
species starting from small to large, living trees, 
climbers/Lianas, shrubs which are greater than 3 m in height 
and diameter classes of 5 cm to 20 cm DBH, 21-50 cm DBH, 
and greater than 51 cm DBH in the nested sample plots were 
properly measured and recorded separately according to their 

stem diameter class specified in desired plot size. All the 
trunks, dead standing trees, dead trees lying on the ground 
that have a diameter >10 cm and a length of > 0.5 m were 
sampled were they considered as dead [21]. Their length and 
diameter halfway/at the middle length were measured [22] 
from subplot of 25 m × 25 m; as well as notes identifying the 
types of wood for finding their specific wood densities were 
registered. Forest floor litter data was collected by simply 
harvesting and weighing technique from 1m2 of the nested 
square plots. The weight of the fresh mass of the liter sample 
was weighed and recorded. After air dried, the weight was 
determined by weighing and recording again for analysis. 

In both undisturbed natural forest and disturbed coffee 
forest of the study area, the soil samples were collected from 
24 sub-sample plots. 10 sample plots from undisturbed forest 
and 14 sample plots from a disturbed coffee forest in 
proportion to their area coverage of the stratum at three depth 
layers of 0 - 15 cm, 16 - 30 cm, and 31 - 45 cm after 
removing the upper litter from four corners of the (7 x 7) m 
nested square sample plot. A composite 72 soil samples were 
proportionally (10 plots x 3 depths and 14 × 3 depths) taken 
for SOC content analysis with the help of a metal soil 
sampling corer. Stones and plant residues were removed from 
the soil samples and a 300 g was taken for one layer by 
mixing and making homogeneous. From three-layer depths 
of one plot, 900 g of soil sample was collected. A sampler 
with internal 5 cm diameter core and 15 cm height steel 
cutting was used for sample taking to determine soil bulk 
density (SBD) in each of three soil depths (0 -15 cm, 16 -30 
cm, and 31- 45 cm) from the center point of the diagonals of 
the square plot of (7 x 7) m. The original volume of each soil 
core was measured and recorded in each three layers. The 
collected soil samples were brought to Wondo Genet College 
of Forestry and Natural Resource soil laboratory for analysis 
of bulk densities and percent of soil carbon contents. 



108 Yadesa Akena Dinsa:  The Effect of Coffee Expansion on Carbon Stock of Natural Forest in  
Gidame Woreda, West Ethiopia 

2.4. Data Analysis 

The forest inventory data and soil data were analyzed and 
interpreted using quantitative statistics. The independent two 
sampled t-test was performed to determine whether there 
were significant differences between forest classes’ carbon 
stocks. The statistical tests for significance of differences 
were tested using the Least Significant Difference (LSD) of 
mean at p < 0.05. Descriptive statistics percentage and tables 
were employed to summarize the results with the forest 
disturbance indicators and supported with concise discussion. 

The above-ground biomass of all sampled individual trees 
were calculated by using the Pan tropical mixed-species, 
broad-leaf allometric model, which was usually yield less 
biased estimate with the inclusion of the country’s specific 
wood density and tree height, for dry biomass estimation; 
AGB = 0.0673× (WD×DBH2×H) 0.976 [23]. Lianas Biomass = 
exp(0.12+ 0.91 log (BA at DBH)) [24]. For coffee plant’s’ 
biomass estimation, species-specific allometric equation 
above ground Coffea arabica biomass = 0.147d2

40 [25] was 
used. Where: AGB = above ground biomass (in kg dry 
matter), WD = wood density (g/cm3), DBH =Diameter at 
Breast Height (cm), H = total height of the tree (m), BA = 
basal area at 1.3 m height (m2), and (d40) is diameter at 40 cm 
height used for only coffee. Biomass of shrub and saplings 
was calculated using the following allometric equation [26], 
ln (AGBs) = -3.50 + 1.65 × ln (D) + 0.842 × ln (H), where: 
AGBs =Shrub above ground biomass (kg); D =Collar 
diameter (cm); and, H=Total height (m). 

The biomass of standing dead trees which have no leaves 
2.5% subtraction of dry biomass; for dead trees contain only 
large branches or no branches biomass was reduced by 20% 
above-ground dry biomass and biomass of downed 
deadwood was estimated using two decomposition levels [7]: 
Sound (the blade does not sink or is bounced off) and has a 
decomposition level value of 0.90 and Rotten (blade sinks 
well into the piece, there is extensive wood loss and the piece 
is crumbly) and has a decomposition level value of 0.50. 

Biomass of LDW = V× 90% ×WD for sound and Biomass of 
LDW = V × 50% ×WD for rotten. Where LDW = Lying 
Dead Wood, V= volume and WD = specific wood density 
(0.615g/cm3). Volume (m3) = π2d2 / (8 × L) Where: d = have 
way diameter of dead wood intersecting the line (cm). L = 
the length of the line, in meters (100m). The amount of litter 
biomass per hectare of forest floor was analyzed by using the 
ratio of dry weight to the fresh weight method [27]. 

LMB = 	�	 !"#$	
% 	× 	�	&'(	&)*+#"	$,-

�	&'(	&)*+#"	."/ 	× 10000  

Where LBM = biomass of leaf litter (t/ha), W field = 
weight of the fresh field sample of litter sampled within an 
area of size A (g), A = size of the area in which litter was 
collected (m2), W sub-sample, dry = weight of the dried sub-
sample of litter (g), W sub-sample, wet = weight of the fresh 
sub-sample of litter (g). The carbon content in the litter 
biomass was converted from dry mass to carbon by 
multiplying conversion factor 37% [7]. 

Below ground biomass carbon stock was estimated by using a 
suitable R:S (root to shoot) ratio established as default value for 
global application that expresses root biomass with above-
ground biomass since it is often difficult to measure directly. 
Root biomass = 27% × AGB [7]. To express the dry weight 
biomass in carbon stock, the estimated above-ground and 
below-ground dry biomasses were multiplied by the 
conservative default value of carbon fraction 47% [7]. 

The soil samples collected for bulk density were oven-
dried at a temperature of 105°C for 48 hours and weighed 
[19, 27] in soil laboratory. The dried and weighed soil 
samples were washed through 2 mm sieve with water until 
substantially clean water came out. The washed soil 
fragments were oven-dried again normally for 24 hours to 
remove water moisture. The mass of these dried fragments 
was weighed. The volume and density of coarse fragments 
were determined. The fine bulk density was calculated for 
three layers of samples (0–15 cm, 16–30 cm and 31–45 cm) 
for each plot by using formula. 

2345	6789	:54;3<=>? @AB⁄ D = 	 EF"G	$,-	*)&&>HD
IJ,"	FJ#'*">K*LDM	N OPQQ	RS	TRPUQV	SUPWXVY
Q>WD

ZVYQ[
\	RS	TRPUQV	SUPWXVY
Q>W TXL⁄ D]
	  

The composite soil samples were air-dried, sieved in 2 mm 
sieve and SOC concentration (%) were quantified using [28] 
method from the composite soil samples. The amount of soil 

carbon stock per hectare area was calculated from fine soil 
bulk density, carbon concentration (%) data obtained from 
laboratory analysis and soil depth. 

SOC (tc/ha) = [(soil bulk density (g/m3) x soil depth (cm) x C %)] x 100 (source: [19]). 

3. Results 

3.1. Biomass Carbon Stock 

The DBH and height of 426 individual trees from 37 species 
were measured and recorded with a maximum diameter of 131 
cm (Ekebergia capensis) and in the undisturbed natural forest. 
The average basal area of 37.52 m2/ha (minimum 19.42 m2/ha 
and a maximum 65.42 m2/ha) was determined. In the same 

way, the DBH and height of 279 individual trees were also 
measured according to their diameter classes from 25 tree 
species in a disturbed coffee forest stratum. In addition to 
these, for biomass carbon stock estimation, the DBH of 359 
coffee plants were measured at 40 cm height from the ground 
surface level. The maximum diameter recorded in the coffee 
forest was 127 cm (Aningeria adolfi-friederici) with an 
average basal area of 28.92 m2/ha (minimum 9.22 m2/ha and 
maximum 48.47 m2/ha). These field inventory data showed 
that plant species density and basal area were higher in an 
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undisturbed natural forest as compared to the disturbed coffee 
forest. With expanding coffee plantation and its management 

activities, the forest stand characteristics, tree density and basal 
area of natural forest ecosystem were declined. 

Table 3. Mean biomass carbon stock (tc/ha) ±SE in the undisturbed natural forest and disturbed coffee forest paired t-test comparison. 

Biomass carbon pools 
Undisturbed natural forest (n = 29) Disturbed coffee forest (n= 42) 

T P 
AGC BGC Total AGC BGC Total 

trees, lianas and shrubs 233.92 ±7.223a 63.158 ± 1.974a 297.078 ± 9.197a 147.672 ± 7.746b 39.871 ± 2.20b 187.543 ± 9.946b 6.38 0.000 
coffee 0.094 ± 0.094b 0.025 ± 0.026b 0.119 ± 0.12b 8.58 ± 0.75a 2.320 ± 0.2a 10.90 ± 0.95a 9.56 0.000 
dead wood 0.435 ± 0.046 - 0.435 ± 0.046 0.689 ± 0.073 - 0.689 ± 0.073 1.63 0.109 
litter 1.126 ± 0.037a - 1.126 ± 0.037a 0.763 ± 0.031b - 0.763 ± 0.031b 7.51 0.000 
Total 235.575 ± 7.40a 63.183 ± 2a 298.758 ± 9.40a 157.704 ± 8.6b 42.191 ± 2.40b 199.895 ± 11b 6.39 0.000 

Different letters show that the difference is significant at p < 0.05. 

The estimated mean biomass carbon stock density was 
higher in undisturbed natural forest carbon pool components 
than that of a disturbed coffee forest. The two-sampled t-test 
comparison test revealed that there was a significant 
difference (expressed at 95% confidence interval of the 
mean) between the two stratum of forest ecosystem biomass 
carbon stock (T = 6.39 and P < 0.05). The disturbance of this 
natural forest ecosystem, which associated with the 

conversion of natural forest to the coffee cultivation area, 
resulted in the loss of 33.09% of the biomass carbon stock. 
The biomass carbon stock density results obtained from both 
forest classes of this study area were larger, consistent and 
comparable to earlier studies in Ethiopia and other tropical 
countries. They fall within the ranges reported for 
undisturbed and disturbed forest biomass carbon stock across 
in the different tropical forest ecosystem. 

Table 4. Mean (± SE) of soil organic carbon content (%) and mean soil fine bulk densities at different soil depths in Gidame woreda forest ecosystem. 

undisturbed forest disturbed coffee forest 

Soil depth (cm) fine BD (g/cm3) SOC content (%) fine BD (g/cm3) SOC content (%) 

0-15 0.743 ± 0.0525 5.919 ± 0.555 0.793 ± 0.0193 5.801 ± 0.346 
16-30 0.788 ± 0.0536 3.814 ± 0.435 0.812 ± 0.0175 3.738 ± 0.229 
31-45 0.818 ± 0.0394 3.041 ± 0.269 0.821 ± 0.0212 3.191 ± 0.116 

 

3.2. Soil Organic Carbon Stock 

In both forest classes, the average soil bulk density of the 
study site increased with the depth increment. The conversion of 
natural forest to forest coffee caused soil bulk density increase 
mostly in the upper soil layer as compared to undisturbed natural 
forest class. The quantified carbon contents of the soil in the 
study area range from 2.98–7.85%, 2.38–6.50% and 1.81–
4.41% in 0–15 cm, 16–30 cm and 31–45 cm soil layer 
respectively for the undisturbed natural forest. The soil carbon 
content ranges from 3.92–8.40%, 2.53–5.78% and 2.53–3.97% 
in 0–15 cm, 16–30 cm and 31–45 cm soil layer respectively in 
the disturbed coffee forest. This shows that the concentration 
(%) of soil organic carbon was decreased in different rates with 
increasing soil depth in both forest classes. The summary of 

mean soil organic carbon contents (%) mean fine bulk densities 
and their standard deviation in different soil depths was 
presented in table 4 for both forest types. 

The investigated soil organic carbon stocks for 0–45 cm 
layers were 148.40tc/ha from undisturbed natural forest and 
153.80tc/ha from disturbed forest coffee. In contrast to biomass 
carbon stocks, the mean soil organic carbon stock was higher for 
the disturbed coffee forest and lower for the undisturbed natural 
forest. However, the difference between these forest types in 
SOC did not show significant variation (T = 0.48; P > 0.05) at 
the ecosystem level. The insignificant amount of soil organic 
carbon stock difference in 0–15 cm upper and 31-45 cm lower 
soil layer caused by the increment of soil bulk density rather 
than soil organic carbon contents. But there was no difference in 
soil organic carbon stock in the middle soil layer. 

Table 5. Mean soil organic carbon stock (tc/ha) distribution in different soil depths in the Gidame district forest ecosystem. 

Undisturbed forest Disturbed / coffee forest 

Soil depth (cm) N Mean ± SE N Mean ± SE T-value P-value 

0-15 10 66.00 ± 6.20 14 69.00 ± 4.10 0.43 0.675 
16-30 10 45.10 ± 5.10 14 45.50 ± 2.80 0.08 0.935 
31-45 10 37.30 ± 3.30 14 39.30 ± 1.40 0.61 0.546 
0-45 30 148.40 ± 12 42 153.80 ± 4.30 0.48 0.636 

 

4. Discussion 

4.1. Biomass Carbon Stock 

The total biomass carbon stock in an undisturbed natural 
forest of this study was greater than biomass carbon stock in 

the tropical wet zone of the Sigiriya forest sanctuary, forest 
reserve in Sri Lanka 249tc/ha [29] and Gesha moist Afro-
montane forest in Kaffa Zone, South-Western Ethiopia 
225.92tc/ha [30], compared with 298.77tc/ha for GerbaDima 
moist Afro-montane forest, South-Western Ethiopia [31]. But 
it was lower than the least disturbed wet evergreen rainforest 
of Eastern Himalaya 425.70tc/ha [32] and other forest 
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ecosystem Egdu dry Afro-montane forest 333.70tc/ha [33]. 
The biomass carbon stock found from the disturbed coffee 
forest of this study was also comparable to biomass carbon 
stock of Giza-Sayilem moist Afro-montane forest in Kaffa 
Zone, South-West Ethiopia 198.67tc/ha [34], greater than 
Tankawati forest of Bangladesh 115.3tc/ha [35]. But less than 
mild disturbed 236.08tc/ha and greater than highly disturbed 
127.38tc/ha wet evergreen rainforest of Eastern Himalaya 
[32]. The causes of these variations between forest types of 
the study areas, biomass carbon stock was might be caused 
by different degrees of anthropogenic disturbance, models 
used to estimate biomass, presence of bigger sized trees in 
the higher basal area, ecological variation, and higher 
densities of woody species or vegetation characteristics. 

As shown in Table 3 the above-ground biomass carbon 
stock in undisturbed natural forest was higher than that of 
disturbed coffee forest above-ground biomass carbon stock. 
This revealed that the carbon sequestration potential of this 
natural forest was decreased with expanding and converting to 
the coffee cultivation area. The two sampled comparison 
statistical test (T = 6.38 and P < 0.05) shows that the above-
ground biomass carbon stock of this forest ecosystem was 
significantly differed between both forest stratum. The effect 
of this change in forest biomass carbon stock was mostly from 
the loss of above-ground living trees and replacing with coffee. 
Based on the estimation of forest inventory data, the most 
substantial amount of carbon is stored in the living biomass of 
aerial plant parts. The removal of these living biomass of aerial 
plant parts and replacing with the coffee plantation caused the 
loss of 26.06% of the total biomass carbon stock density. The 
result of biomass carbon stock in this forest was an essential 
indicator of living tree parts’ productive capacity to sequester a 
high amount of carbon and sources of high carbon dioxide 
emission due to human disturbance. 

This study confirms that the conversion of natural forest 
ecosystem to other land uses, modification and loss of forests 
due to disturbances were the large source of human-induced 
climate change, which accounted 6–20% of anthropogenic 
greenhouse gas emissions [36-39]. Forest disturbance 
influences the amount of forest carbon stock through by 
altering the stand structure and composition [40]. The living 
vegetation, the largest above-ground carbon pool was 
extremely sensitive to disturbance. It was particularly 
affected by human disturbance, exhibiting the large decrease 
in carbon stock density [41]. Another study [42] also showed 
that forest degradation leads to biomass loss. This loss or 
reduction of forest biomass carbon stock was mainly driven 
by conversion to other land uses and forest degradation [43]. 
90 percent of the forest can be cleared before it is considered 
deforested; as such, forest degradation can lead to substantial 
carbon emissions and is often an important precursor to 
deforestation [44]. 

In the study area, it is also observed that a significant 
number of coffee farmers have expanded a clearance of 
woody, herbaceous and Lianas or climbers vegetation to get 
free space for coffee plantations. This is similar to other 
study the site with high coffee cover had a lower coverage of 

lines and climbing vines [45]. Forest coffee management has 
predominantly done through undertaking the operations 
slashing undergrowth vegetation, cutting, debarking, 
removing under-story vegetation and selective thinning of 
shade trees depending upon the necessities and requirements 
of sunlight to maintain optimum shade for coffee production. 
Those tree species with many trunks, big/broad leaves, and 
dense canopies were debarked and burn around the root 
collar area. The only preferred coffee shade trees were left to 
maintain the production and productivity of coffee yields. 
The selective cutting of some none preferred tree species in 
the human-modified landscape during coffee management 
affected the ecological functions and/or ecosystem service 
carbon sequestration potential of the natural forest terrestrial 
ecosystem. 

The nonliving forest floor litter and dead wood biomass 
carbon contribute a tiny and insignificant percentage of 
biomass carbon to this forest ecosystem. Even though the 
non-living biomass carbon stock density in dead woods and 
litter of the study site were low, it was a component of above-
ground biomass. In undisturbed natural forest deadwood 
performs several important ecological functions for many 
forest-dwelling species [46]. The standing and downing dead 
woods of large trees also ultimately enhancing ecosystem 
function, including protection of soil nutrient retention [47]. 
The lowest carbon stock in the forest floor litter might 
probably the rate of litter decomposition [31]. Where the 
study area is located in tropical areas, the rate of 
decomposition is relatively fast [48]. 

The derived mean of below-ground biomass carbon stock 
in undisturbed natural forest was significantly higher than 
that of coffee forest(T = 6.43 and P < 0.05 at 95% confidence 
interval). In this study, the mean difference between both 
below-ground biomass carbon stock was 20.10 tc/ha. This 
difference showed that the destruction of root biomass caused 
by coffee plantation and its management activities lead to a 
loss of 7.03% tc/ha from the total biomass carbon stock of 
the forest ecosystem. This confirms that the loss of below-
ground biomass carbon stock due to the conversion of natural 
forest to coffee by removing aerial living vegetation [49]. As 
compared to other studies the obtained result of below-
ground biomass carbon stock from undisturbed natural forest 
of this study was greater than 45.97 tc/ha below ground 
carbon sock of Gerba-Dima moist Afro-montane forest, 
South-Western Ethiopia [31]. The BGBC result for disturbed 
or coffee forest was also greater than 34.3tc/ha below-ground 
carbon sock of moist Afro-montane forest in Gesha district in 
Kaffa South-West Ethiopia [34] and contributed a significant 
amount of biomass carbon to the ecosystem next to the soil 
carbon pool. 

4.2. Soil Organic Carbon Stock 

The SOC stock found from undisturbed natural forest in 
two layers (0–30) cm soil depths of this study was less than 
162.62tc/ha (0–30) cm depths of soil carbon stock of Gerba-
Dima moist Afro-montane forest, South-Western Ethiopia 
[31], 128tc/ha soil carbon sock in 0-15 cm and 15-30 cm 
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layers for moist Afro-montane forest in Gesha District in 
Kaffa [34]. But greater than Gera native forest SOC stock 
98.95tc/ha and coffee-based agroforestry SOC stock 
94.30tc/ha in South-Western Ethiopia [50], 88.40tc/ha in 0-
15 cm and 15-30 cm layers of old-growth montane forest in 
lower montane Ecuador [51], 79.01tc/ha and 99.65tc/ha of 
the natural forests at Me Linh biodiversity station, Vinh Phuc 
province in Vietnam [52], 106.17tc/ha for Geza and lower 
than 160.00 tc/ha for Mtimbwani forest ecosystem in Tanga, 
Tanzania [53]. 

The differences of these SOC between different studying 
area's forest ecosystems caused from the differences of 
vegetation characteristics, different management activities in 
native forest, soil type and soil properties, history of land use 
land cover and other environmental and climatic factors. 
Other studies considered that the amount of soil organic 
carbon is influenced by relief, soil texture; high soil water 
content tends to conserve soil organic matter and temperature 
accelerates biological processes [54, 55]. Dead organic 
matter on the ground and plant biomass below the ground to 
decompose and transform into soil organic matter, and can 
have varying residence times in the soil [5]. The declined of 
mean soil carbon stock of this study when the depth and soil 
bulk density increased in both forest classes agreed with 
other earlier studies that soil organic carbon content was 
higher at the surface than in the deeper soil layers [56], and 
decreasing trend with soil depth [57]. In contrast, as soil 
depth and bulk density increased, the percentage of soil 
carbon contents decreased [51]. The majority of Soil Organic 
Carbon (SOC) is found primarily in the upper layer because 
it is the most biologically active [58]. 

The interactions among different species of vegetation 
were essential to maintain soil quality, ecological, and 
landscape integrity [59]. The old-growth forests accumulated 
large quantities of carbon stock for centuries and contain 
much soil carbon content [60], which will move back to the 
atmosphere or decomposed when forests were disturbed [61]. 
The soil organic carbon content depends upon land 
management, and land uses. The higher carbon stock density 
in the upper soil layer of coffee plantation can be explained 
by soil compaction and by compensation of reduced Soil 
Organic Carbon (SOC) inputs from litter and debris by 
increased soil enrichment [62]. 

In the study site, farmers remove some shade trees and 
increase the penetration of sunlight to the forest floor for 
optimizing light and heat for coffee production. This might 
increase the ground surface temperature and the abundance 
of some dead wood on the forest floor. This predicts an 
average of deadwood and litter [63] where soil organic 
carbon is a balance between the input of surface litter (fallen 
leaves and dead organisms) and the rate at which microbes 
break down organic compounds [64]. However, increasing 
temperatures could reduce SOC by accelerating the microbial 
decomposition [55]. Moderate to heavy disturbance in 
tropical moist forests has a profound impact on fine root 
turnover and the related carbon transfer to the soil [65]. On 
the other hand, increasing SOC levels can be achieved by 

increasing carbon inputs to soils. In the case of managed 
soils, this can be done by increasing the input and retention 
of above-ground biomass [55]. In general, the results of this 
study revealed that soil carbon stock did not show a 
significant variation between natural forests and tropical 
Agroforestry landscapes [66]. 

5. Conclusion and Recommendations 

Coffee expansion and its management activities decrease 
forest characteristics: basal area and tree density which lead 
to minimize biomass carbon stock from 298.758 ± 9.40tc/ha 
to 199.895 ± 11tc/ha in this study. This indicated that the loss 
of 33.09% (26.06% from ABC and 7.03% from BBC) 
biomass carbon stock from the natural forest converted to 
coffee forest. But the estimated soil organic carbon stock 
148.40 ± 12tc/ha for undisturbed forest and 153.80 ± 4.30 
tc/ha for disturbed coffee forest in 0–45 cm soil profiles 
didn’t show significant variation and the soil organic carbon 
stock of the study site was not affected due to coffee 
expansion. Therefore, the results of this study strictly 
indicated that the conservation of this natural forest 
ecosystem, enhancing its carbon sequestration potential 
should be widely recognized and needs further investigation. 
Regular assessment of biomass carbon stock of this natural 
forest should be made on its own operational plan. Reducing 
coffee expansion in this natural forest which destructs the 
biomass carbon stock of this natural forest and enhancing 
prioritization of forest conservation through local community 
participation and provision of environmental awareness for 
forest user groups should be provided. The attention on the 
need to achieve sustainable forest management should be 
adopted for the ecosystem service of biodiversity-based 
carbon sequestration potential of this forest. 
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