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Abstract: Climate change is the most serious global environmental issue caused by
excessive atmospheric greenhouse gases, primarily carbon dioxide. This study
examined the carbon stock potential and the effects of human disturbances on
carbon storage in aboveground biomass, belowground biomass, litter biomass, and
soil. Forty plots with 20 m x 20 m systematic sampling techniques were laid out to
measure the height and DBH of all woody plant species with DBH > 5 cm.
Additionally, 200 sub-plots, each measuring 1 m x 1 m, were established within the
major plots to gather litter and soil samples. The results indicated that the mean total
carbon stock and CO; equivalent in the Embuli Tahisasdar forest were 172.47 t ha™
and 633.38 t ha!, respectively. The estimated average carbon stock in the
aboveground, belowground, litter, and soil organic carbon was 43.22 + 74.13 t ha™!,
11.24 £19.27 tha,2.49+ 0.86 t ha'!, and 115.52 £ 118.96 t ha™!, respectively. The
significant variations in carbon stock were observed across different altitudinal and
topographic aspects for aboveground biomass, belowground biomass, litter, and soil
(P<0.05). In conclusion, the study area serves as a significant carbon sink,
contributing positively to the reduction of greenhouse gas emissions and it has the
potential to generate carbon credits, offering financial benefits to the community

while supporting biodiversity conservation efforts for the region's forest resources.
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INTRODUCTION

Climate change is the most global and growing concern
of environmental problems facing communities (Yohannes
et al., 2015). This change is due to the increasing
atmospheric concentrations of human-induced greenhouse
gas emissions. Greenhouse gases entered the atmosphere
through anthropogenic activities and were reported as a
reason for an increase in the world average temperature of
approximately 0.74°C over the past century (IPCC, 2007).
The estimates of projected temperature increase over the
21st century range between approximately 1.8°C and 4.9°C
(IPCC, 2007). Future projections indicate that temperature
increases are generally consistent with historical trends,
with temperature increases over land (Kang et al., 2008).

The threats posed by climate change, such as global
weather patterns change, global warming, natural disasters,
ozone depletion, biodiversity loss, rising sea levels, and the
existence of future human life, have led to worldwide
debate and negotiations (Streck and Freestone, 2009).
Addressing these concerns has centered on mitigating
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greenhouse gas emissions, primarily carbon dioxide, as
well as quantifying the carbon sequestered and stored by
forests, soils, and oceans (Girma et al., 2014). The method
to delay the rise in greenhouse gas concentrations in the
atmosphere and thus the potential for climate change is to
increase the amount of carbon removed from and stored in
forests (Girma et al., 2014).

Forests play a vital role in the global carbon cycle
because they store huge amounts of carbon in vegetation
and soil that exchange carbon with the atmosphere through
photosynthesis and respiration (McMahon et al.,, 2010).
Forest has a major carbon reservoir and plays an important
role in climate change mitigation (Nowak and
Greenfield,2020). The response of forests to alarmingly
growing atmospheric carbon dioxide concentrations is
critical for climate change mitigation by naturally taking
carbon out of the atmosphere (IPCC, 2000). Forest
ecosystems comprise 62— 78% of terrestrial carbon (Ullah
and Al-Amin, 2012). The world's forests store 289 gigatons
of carbon in their biomass alone, with tropical forests
accounting for the largest 44% (FAO, 2010). The world's
tropical forests release around 425 million tons of carbon
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annually (Pan et al., 2011). Deforestation and degradation
of tropical forests constitute the second largest source of
anthropogenic CO, emissions after fossil fuel combustion
(Vander et al., 2009). Over fifty percent of the worldwide
potential for reducing greenhouse gas emissions is
attributed to the forestry sector (IPCC, 2007b). Globally,
carbon storage is distributed as follows: soil organic carbon
accounts for 44%, above- and belowground biomass
represents 42%, deadwood comprises 8%, and litter
contributes 5% (Zerihun et al. 2012). Forest soil acts as a
key carbon sink, with soil organic carbon constituting a
significant proportion of total ecosystem carbon stocks
(Gebeyehu et al.,2019). Studies in African tropical forests
reveal that up to 70% of total carbon stocks are stored in
soil, emphasizing the importance of soil conservation for
maintaining ecosystem function (Ryan et al.,2011).

Anthropogenic  activities, including deforestation,
grazing, and urbanization, significantly affect the forest
carbon dynamics, as highlighted by recent studies on land-
use change and its contribution to global carbon emissions
(Abebe and Megento,2016). The forest resources of
Ethiopia store 2.76 billion tons of carbon in the
aboveground biomass (Moges et al., 2010), yet the forest
area is degraded due to firewood collection, grazing,
cutting, and developmental activities, resulting in
substantial deforestation and degradation, impacting carbon
sequestration potential and exacerbating climate change
challenges (Deribew,2020).

Local carbon inventories for various tropical
Afromontane forests lack quantified data on Ethiopian
forest sectors (Gebeyehu et al., 2019). Carbon stock data is
crucial in carbon credit programs because it allows for
sustainable forest management and monitoring systems,
enhancing the carbon sequestration capacity of the
country's forest resources and mitigating the negative
impacts of global climate change (Dibaba et al., 2019).
However, most Ethiopian forests lack well-organized
carbon stock data and information on how human activities
influence the carbon stock potential (Muluken, et al., 2015).
The carbon stock potential of the Embuli Tahisasdar's
natural forest has not yet been studied. Therefore, this study
aimed to (1) estimate the carbon stock potential of various
carbon pools, (2) assess the variation of different carbon
pools along altitudinal and topographic aspects, and (3)
evaluate the impacts of human disturbance on carbon
storage in the study area.

MATERIALS AND METHODS

Study Area

The research was conducted in the Embuli Tahisasdar
Forest, situated in the Machakel district of the Ambhara
region, located approximately 330 km northwest of Addis
Ababa, 237 km south of Bahir Dar, and 30 km from the
western part of Debre Markos town. The forest's
geographical location is between the latitudes of 10° 28' and
10° 29' N and the longitudes of 37° 30' and 37° 32' E (Fig.

).
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Fig. 1. Locational map of the study areca

Sampling Design

A systematic sampling technique was employed to
thoroughly examine the study area. Each plot was
established at 100 meters intervals using a measuring tape,
GPS, and a compass. The major plot was laid out 20 m x 20
m, with smaller sub-sampling units of 1m? used to collect
saplings, seedlings, falling litter, and soil data. A total of
forty major plots were surveyed, and the study area was
stratified into three namely, low, mid, and high altitudes-
based zones.

Data Collection

Aboveground and belowground biomass

Sampling plots had a radius of 20 meters and a total area
of 400 square meters. The growth patterns of all the woody
plant species were described, recorded, and measured in
each sample plot. Individual trees with a diameter at breast
height >5 cm and the height of a tree/shrub >1.5 m were
measured. Geographic location and altitude were recorded
using a Garmin GPS. The carbon pool in belowground
biomass constitutes 20% of the aboveground biomass
(Subedi et al.,2010).

Litter biomass

Leaf litter samples were collected using composite
sampling methods. Two hundred litter samples were
collected from forty plots, each measuring 1 m?, located
within the main plot. One sample was taken from the
center, and four samples were taken from each corner. The
wet weight of the composite samples was recorded. The
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total weight of the samples was recorded following a 24-
hour drying period at 70 °C in an oven. The C fraction
was also tested in a laboratory (Subedi et al.,2010).

Organic carbon in the soil

Composite soil samples were collected from all the forty
plots using a 20 cm soil depth core sampler. The soil
samples were taken from two layers (0— 20 cm and 20— 40
cm), and the mean values were subsequently computed.
The volume of the soil sample was estimated by measuring
the height and radius of the core sampler. All soil samples
were stored in plastic bags, and five equal weights were
gathered from each layer of every sample. A composite
sub-sample of 100 g from each plot was submitted for
laboratory analysis using the Walkley— Black procedure
(Ebasan et al.,2016).

Estimation of carbon stock across various carbon pools

Aboveground biomass

The present research utilized the equation formulated by
Chave et al. (2014), to estimate the aboveground biomass
of the forest, using diameter at breast height (DBH), tree
height, and wood-specific density as dependent variables.

AGB = 0.0673(pHD?)0.976............ Equation (1)

AGB represents the aboveground biomass (kg), D denotes
the diameter at breast height (cm), H indicates the height
(m), and p signifies the basic wood density (g/cm?).The
wood density data information was obtained from the
global wood density database (Zanne et al., 2009), the
ICRAF,the wood density database
(www.worldagroforestry.org), and the wood technology
research Centre in Addis Ababa (Desalegn et al., 2012).

The carbon stock was calculated using a conversion
factor of 0.47, which translates to a carbon content of 47%
for aboveground biomass in tropical and subtropical forests
(Subedi et al.,2010).

AGC=AGB*0.47.......ccceiininnn. Equation (2)

where AGC is aboveground carbon, AGB is aboveground
biomass

Belowground biomass

Belowground biomass is estimated at 20% of the
aboveground biomass (root-to-shoot ratio) model used for
tropical dry forests (Subedi et al.,2010).

BGB=AGB *0.20 ..oeveeeeeaannn. Equation (3)

BGB represent belowground biomass, AGB indicates
aboveground biomass, 0.20 is a conversion factor

BGC=BGB* 0.47..c.civiinruinrnnn.. Equation (4)
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Litter biomass

According to Pearson et al. (2007), the biomass present
in the litter can be estimated as follows:
_ Wiield % Weub—zample (dry) 1

- - ...Eq. (5)
A Weub—zample (fresh) 10,000

LB

LB represents litter biomass, Wfield denotes the weight
of the wet field sample of litter collected from an area of 1
m? (g), A indicates the size of the area from which the litter
was collected (ha), Wsub-sample (fresh) refers to the
weight of the fresh sub-sample of litter taken to the
laboratory for moisture content analysis, and Wsub-sample
(dry) indicates the weight of the oven-dry sub-sample of
litter brought to the laboratory for moisture content
determination (g).

The percentage of organic carbon stored in the litter carbon
pool as a result of the dry ashing process was determined
using the following method (Pearson ef al.,2007).

% Ash = Wc % -Wa * 100BERE. Equation (6)

%C = (100-Ash%) * 0.58............ Equation (7)

This analysis is based on the assumption of 58% carbon
content in ash-free litter material. In this context, C
represents organic carbon (%), Wa denotes the weight of
the crucible (g), Wb indicates the weight of the oven-dried
ground samples and crucibles (g), and Wc refers to the
weight of ash and crucibles (g). Ultimately, the carbon
content in litter was calculated in tons per hectare for each
sample.

LC=LB* %C..rvimiiaimiaiannnns Equation (8)

where, CL is the total carbon stocks in the dead litter in
tons/ha, and % C is the carbon fraction determined in the
laboratory (Subedi et al.,2010).

Soil organic carbon

According to Pearson et al. (2007), soil organic carbon
was determined using the method;
BD = Wdry/V................Equation (9)

BD represents the bulk density of the soil sample, W dry
indicates the air-dry weight of the soil sample, and V
represents the volume of the soil sample. The volume of the
soil sample is computed as;

V=h*mr? ... Equation (10)

Where V = volume of the soil in the core sampler augur
(cm®), h = the height of the core sampler augur (cm), and r
= radius of the core sampler (cm). Finally, soil organic
carbon is calculated as follows:

SOC=BD*D*%C ..ccovve.... Equation (11)

where SOC= soil organic carbon stock per unit area
(ton/ha), BD is soil bulk density (g/cm ),
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D is the total depth at which the sample was taken (0-20
and 20-40 cm), and %C is carbon concentration (%)
(Pearson et al., 2007).

Total carbon stock
The total carbon stock was estimated by adding the

carbon stock of all individual carbon pools of the forest
ecosystem (Subedi ef al.,2010). Then converted into tones
of CO; equivalent multiplying it by 3.67(Pearson et
al.,2007). According to Pearson et al. (2007), the total
carbon stock density was calculated as:

Cr= AGC+BGC+LC+SOC......... Equation (12)

Where CT represents the carbon stock for all carbon pools
(ton/ha), AGC denotes carbon in aboveground biomass,
BGC indicates carbon in belowground biomass, LC refers
to carbon in dead litter, and SOC signifies soil organic
carbon.

Human disturbance index

The human disturbance index in Embuli Tahisasdar
Forest was evaluated by actual field observation, utilizing
indicators of human activity in the field. The impacts of
human activities (cutting, road construction, firewood
collection, and grazing) on the forest carbon storage were
assessed. The human disturbance index was calculated by
summing the number of detected human impacts within the
plot and dividing by the total number of disturbances which
is four. The values ranged from 0 to 1, with 0 indicating no
impact and 1 indicating all impacts, indicating highly
impacted by human intervention (Bastos et al.,2023). The
level of human disturbance was evaluated and classified
into four major categories using a visual scale. Each human
disturbance factors was recorded in all of the study area's
sample plots. The human disturbance classifications were
as follows: 1 = undisturbed (nonvisible indicators of human
disturbance),2 = slightly disturbed (<20% human
disturbance),3 = moderately disturbed (>20% human
disturbance) and 4 = highly disturbed (>60% human
disturbance) (Bisht et al.,2022).

Data analysis

Upon completion of field data collection, all field and
laboratory results, including diameter at breast height
measurements, plant species heights, and fresh and dry
weights of litter and soil data, were compiled and
summarized in an Excel spreadsheet (version 20).The major
carbon pools' data were analyzed using SPSS software
version 20, and one-way ANOVA was used to examine the
impacts of altitudinal and topographic variation on the
carbon storage potential of woody plant species.
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RESULT

Floristic composition

Forty-four distinct woody plant species, including trees
and shrubs, from 28 families, were recorded and identified
in the Embuli Tahisasdar dry Afromontane Forest. Among
these families, Fabaceae was the most dominant (17.86%).
Rutaceae, Asteraceae and Rosaceae were the next dominant
families and have equal percentages accounting for 10.71%
each.

Biomass and carbon stock in various carbon pools

The study area had an average aboveground biomass of
86.43+148.25 tons/ha and a belowground biomass of
22.47+38.55 tons/ha, while the mean litter biomass was
0.053 tons/ha.

Table 1.The mean total carbon stock, CO, equivalent and
percentage on different carbon pools

Carbon Mean carbon CO: eqv. %
pools stock (ton/ha)

AGC 43.22 158.61 25.06
BGC 11.24 41.68 6.52
LC 2.49 9.14 1.44
SOC 115.52 423.95 66.98
Total 172.47 633.38 100

1 BAGC(tons/ha)  mBGC(tons/ha)

— —
. o oo = )

Carbon stock(ton/ha)

r~

Species

Fig.2. Estimated carbon stock potential of the top dominant
woody species
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Environmental determinants of carbon stock
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Fig.3. Mean carbon stock across various pools along the
altitudinal gradient (tons/ha)

Human disturbance index

Since the study area is accessible to the public, various
human disturbances can be observed. These disturbances
have been categorized into four main classifications, each
associated with its respective human disturbance index
(HDI) values: including tree cutting, firewood collection,
grazing, and the presence of road construction in the forest.

Topographic aspect
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[
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=

Fig. 4. Average carbon stock in various pools across
topographic aspects (tons/ha)

Table.2. One way ANOVA result of environmental factors
significance difference of various carbon pools

Journal of Agroforestry and Environment 2025, 18(2):142-151

SOC (0-20cm)  6.667 0.007
SOC (20-40cm)  3.984 0.038

Topographic AGC 0.761 0.605

aspect BGC 0.762 0.605
LC 2.699 0.03
SOC (0-20cm)  3.973 0.019
SOC (20-40cm)  3.462 0.03

Environme  Carbon pools F-value P-value

ntal

factors

Altitude AGC 1.086 0.348
BGC 1.086 0.348
LC 3.454 0.042

DOI: https://doi.orq/10.55706/jae1833

*Bold values significant at a=0.05

DISCUSSION

Carbon stock in various pools

The total carbon stock of the Embuli Tahisasdar forest
was 172.47 tons/ha, putting it in the lower range when
compared to other studies, such as Menagesha Suba forest
(286.53 tons/ha), Tara Gedam Forest (643.11 tons/ha),
Ades Forest (585.4 tons/ha) and Humbo forest (225.98
tons/ha). The present result showed that mean aboveground
carbon stock and belowground carbon stock was 43.47
tons/ha and 11.24 tons/ha, respectively, the lower scoring
emphasizing the negative effects of deforestation, as
documented in tropical forest degradation research. While
the study area had a lower AGC stock, compared to Ades
Forest and Tara Gedam Forest, reported significantly higher
AGC stocks, reflecting effective forest management
practices (Yohannes et al.,2015), it lagged in biomass
carbon due to high human disturbances in the Embuli
Tahisasdar forest. On the other hand, the carbon stock was
mainly contributed by soil organic carbon, with a mean of
115.52 tons/ha.This finding is consistent with recent studies
highlighting soil as a significant carbon reservoir in
degraded forests (Abegaz,2020). The soil organic carbon in
the Embuli Tahisasdar Forest was exceptionally high,
surpassing the soil organic carbon levels of most Ethiopian
forests, including Ashirava forest (111.43 ton/ha), Ziba
forest (100.07), and Biheretsige central closed public park
forest (113.55 ton/ha). This may be due to organic matter
deposition, or historical soil management practices that
enhanced carbon storage in the soil (Houghton,2005).
Similar findings were reported by Kidanemaryam (2014)
and Chinasho (2015), who noted that high levels of soil
organic carbon may indicate historical accumulation or
specific ecological dynamics in disturbed forests. However,
the imbalance contribution of soil organic carbon to the
total carbon stock underscores the decreased significance of
biomass in carbon sequestration within the forest. This
imbalance is a direct consequence of deforestation and
other human disturbances, which have significantly
decreased the forest's above ground biomass, belowground
biomass, and litter biomass storage capacity (Habtamu and
Elias,2022).
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Carbon stock variation in woody species

The highest carbon stock was recorded for Prunus
african (16.7 ton/ha) followed by Acacia abyssinica (13.4
ton/ha), Croton macrostachyus (9.6 ton/ha), Albizia
gummifera (8.6 ton/ha) and Ficus sur (2.4 ton/ha) compared
to the other 44 identified woody species in the Embuli
Tahisasdar forest (Fig.2), While Calpurnia aurea and
Rubus apetalus was recorded the least carbon storage. This
difference may be due to variations in species composition,
as the presence of woody species with greater diameter at
breast height (DBH), height, and density contributed to the
greater carbon stock recorded for these species in the study
area. The dominant species are an important determinant of
the carbon stock of woody species in forest ecosystems
(Winfree et al., 2015; McNicol et al. 2018; Padmakumar et
al., 2018; Gebeyehu et al., 2019b).

Effect of altitude and topographic aspect in carbon
stock

The altitudinal variation affects the biomass and carbon
stock of various carbon pools in the forest ecosystem
(Alves et al., 2010). Variation in altitude results in variation
in the carbon stock (Leuschner et al., 2007; Kobler et al.,
2019; Eshetu and Hailu, 2020). This reveals that there
would be substantial variation in carbon storage as a result
of a significant effect on climatic parameters (Sheikh et al.,
2009). The present result revealed a weak correlation
between altitude and AGC stock, as evidenced by high p-
values (Table 2). These results suggested that while direct
statistical relationships are not significant, other ecological
processes may mediate the impacts of altitude on carbon
dynamics over time (Klein,2022). The carbon stock in the
present study showed significant variation throughout the
altitudinal gradient in litter biomass, and soil organic
carbon (P < 0.05). However, aboveground carbon density
and belowground carbon density showed statistically
insignificant variation along altitude (Table 2).

The highest above-ground biomass and below-ground
biomass carbon stock was recorded in the lower altitude
(Fig.3), while the lowest was recorded in the higher altitude
part of the forest (Fig 3). In the current study area, it was
observed that aboveground and belowground carbon stock
had shown a decreasing pattern with increasing altitude.
Similar findings have been reported (Chinasho et al., 2015;
Simegn and Soromessa, 2015). This may be due to the
present of large trees with high DBH and height that
account for a large proportion of AGC and BGC at the
lower altitudes of the study forest. However, this study
contradicted findings reported in Mount Zequalla
Monastery (Girma et al., 2014); the tropical Atlantic Forest
of Brazil (Alves et al., 2010); on Mount Changbai in China
(Zhu et al., 2010). Litter carbon, as shown in figure 3,
exhibited minimal variation across altitudes, with nearly
similar values recorded for lower, middle, and upper
elevations. This revealed that factors influencing litter
carbon storage, such as litterfall rates and decomposition
processes, were largely uniform across altitudes. The result
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showed strong correlations between altitude and litter
carbon stock, as evidenced by low p-values, and litter
carbon stock was statistically significant (Table 2).

The highest level of soil organic carbon was recorded at
the upper altitude class in the present study. Similar results
have been reported in (Zhu et al., 2011). The current
findings indicate that SOC stock exhibited a rising trend as
altitude increased. Whereas, the lowest soil organic carbon
stock was recorded at the lower altitude class of the study
area due to human and animal disturbances like cropping,
cutting, grazing, and less decomposition of organic matter.
The reduction in soil organic carbon content with
increasing soil depth can be attributed to a more conducive
environment for topsoil, as well as a decline in biological
activity at increased depths. This phenomenon is further
influenced by the rapid decomposition of forest litter and its
mixing with surface materials. Similar results were reported
for tropical soils by Dinakaran and Krishnayya (2008); and
Sheikh et al. (2009). The result indicated strong correlations
between altitude and soil organic carbon stock, as
evidenced by low p-values, and SOC was statistically
significant (Table 2).

Biomass and carbon stock varied significantly along
topographic aspects in Embuli Tahisasdar Forest. The
highest aboveground and belowground carbon stock was
recorded in the South (67.25 tons/ha) and Southwest (52.43
tons/ha) respectively, while the least was recorded in the
Northeast (18.15 tons/ha) (Fig.4). Similar results were
recorded by Sharma et al. (2011) and Kassahun et al.
(2015) that the topographic aspect could affect biomass and
carbon stock of living biomass. This variation could be
attributed fluctuations in temperature, solar radiation, and
intensity. Temperature can determine the length of the
growing season of plants, and solar radiation can affect the
rates of photosynthesis that lead to changes in biomass
(Jolly et al., 2005). Radiation also affects soil moisture and
temperature, affecting soil carbon storage capacity (Bayat
2011; Sharma et al., 2011; Kassahun et al., 2015). The
topographic aspect has a statistically insignificant impact
on the aboveground and belowground carbon of the study
area (P<0.05). However, litter and soil organic carbon were
statistically significant (p<0.05) (Table 2).

Effect of human disturbance on carbon storage

Carbon stock potential of Embuli Tahisasdar forest is
affected by anthropogenic/human activities. The one-way
ANOVA analyzed the relationships between human
disturbance indices and different carbon pools as shown in
table 2. The result revealed a strong correlation between
litter biomass and soil organic carbon along human
disturbance in the study area (Table 2). Even though, the
correlations between disturbance levels and AGC stock was
weak, as evidenced by high p-values. These results
suggested that while direct statistical links are not
significant, other ecological processes may mediate the
impacts of human activities on carbon dynamics over time
(Klein,2022). Variation in forest carbon among sites, which
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might lower the statistical power of analyses and possibly
hide the direct effects of human disturbances. Nevertheless,
broader trends highlight the cumulative effects of
anthropogenic pressures on the forest ecosystems
(Chazdon,2008).

Implications for climate change mitigation

Forests are the biggest terrestrial reservoir for
atmospheric carbon because they remove CO; from the
atmosphere and store it in the soil, litter, trees and other
organic matter (Mwakisunga and Maule, 2012). Estimating
the amount of forest biomass is very important for
monitoring and estimating the amount of carbon that is lost
or emitted during deforestation and gives information about
the forest[ s potential to sequester and store carbon in the
forest ecosystem. Hence, estimating the forest carbon stock
is mainly important to assess the magnitude of carbon
exchange between the forest ecosystem and the atmosphere
(Vashum and Jayakumar, 2012). In addition, it can help us
to measure the carbon stocks which will help to understand
the current status of carbon stocks and also derive the near
future changes in the carbon stocks (Muluken et al., 2015).
Finally, it provides important information to determine the
changes in carbon stocks as required by the UNFCCC and
forestry projects for mitigating carbon emissions like
REDD+.

Forest conservation and management is a promising
strategy to increase carbon storage in the forest ecosystem.
Conservation of dominant woody species plays a
significant role in a better long-term guarantee of
ecosystem services of climate change mitigation (Mensah
et al, 2016a; Mewded and Lemessa, 2020). Benefits
obtained from forest-based carbon offset initiatives include
biodiversity and natural resources conservation, watershed
protection, sustainable livelihood enhancement, and local
and global climate stability (Royal Society, 2001). The
enhancement of the carbon sequestration and the
conservation of existing carbon stocks in tropical forests
ecosystem could be a strategy to improve carbon storage
and thus, contributing in mitigate climate change.

CONCLUSION

Embuli Tahisasdar forest plays a significant role in
carbon sequestration and has the potential to generate
carbon credits thus, contributing to climate change
mitigation. The largest proportion of carbon stock is
contributed by soil organic carbon pool, followed by the
above-ground, below-ground, and litter carbon pools,
respectively. The highest carbon stock was recorded for
Prunus africana followed by Acacia abyssinica and Croton
macrostachyus. The highest above-ground and below-
ground carbon stock was recorded at the lower altitude
class. Carbon stock of woody species in the study area was
varying along altitudinal and topographic aspect. The
above-ground and below-ground biomass and carbon stock
were decreased with increasing altitude. Whereas, soil
organic carbon increases as the altitude increases. Woody
species type, altitude, topographic aspect and human

DOI: https://doi.org/10.55706/jae1833

Journal of Agroforestry and Environment 2025, 18(2):142-151

disturbances significantly affect the biomass and carbon
stock which is recommended to take into account these
determinant factors in considering a certain dry
Afromontane Forest for carbon sequestration potential for
climate change mitigation measures.

Accurate quantitative data on carbon stock would serve
as an essential input for carbon trading and inform forest
management practices from the perspectives of carbon
storage and conservation. Furthermore, carbon estimates
derived from primary data would enhance the carbon
inventory, contributing to a more comprehensive
assessment of total greenhouse gas emissions in the country
for both national and international reporting.
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