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Background: Forests are crucial for maintaining carbon balance, as they function both as
carbon sources and as sinks that absorb carbon dioxide (CO,) from the atmosphere, there-
by helping to mitigate climate change. Forest ecosystems store over 80% of all terrestrial
above ground carbon and more than 70% of soil carbon. A systematic sampling method
was used to collect vegetation data. A total of 50 plots, each with 400 m? (20 m x 20 m),
were established along eight lines transect to estimate the carbon stock of the forest. Lit-
ter, herb, and grass samples were collected from the four corners and the center of each
main sample plot using subplots measuring 2 m x 2 m (4 m?). The collected samples were
weighed in the field to determine their fresh weight, and a 100 g composite sub-sample
was taken from each plot for further analysis. The soil samples were collected from four
corners and the center of each plot at a depth of 30 cm. All the collected plant species
were identified in Debre Markos University Biology Department Herbarium Room.
Results: The mean above ground biomass and carbon stock stored in tree species per
plot were 712.51 and 334.88 ton ha™', respectively. The mean biomass and carbon stock in
the litter carbon stock of Jiga Forest were 2.68 ton ha™' and 1.26 ton ha™', respectively. The
mean soil organic carbon of Jiga forest was 248.06 ton ha™'.

Conclusions: The carbon stock assessment of Jiga Forest exhibits a high mean above
ground biomass and carbon stock due to its rich species composition and the presence of
mature, large diameter trees.
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it into carbohydrates, storing carbon in their tissues. As
trees grow and their biomass expands, they continue to se-

Forests are crucial for maintaining carbon balance, as
they function both as carbon sources and as sinks that ab-
sorb carbon dioxide (CO,) from the atmosphere, thereby
helping to mitigate climate change. Forest ecosystems store
over 80% of all terrestrial above ground carbon (AGC) and
more than 70% of soil carbon. In Ethiopia, forest resources
hold approximately 2.76 billion tons of carbon, equivalent
to about 10 billion tons of CO, in above ground biomass
(AGB) (Moges et al. 2010).

The release of CO, into the atmosphere is a leading cause
of climate change and global warming, as it raises atmo-
spheric temperatures and threatens life on Earth. However,
this impact can be mitigated by forests, which serve as sig-
nificant carbon sinks. Through the process of photosyn-
thesis, trees absorb CO, from the atmosphere and convert

quester carbon, contributing to the development of various
plant parts and helping to regulate the global carbon cycle
(Missanjo et al. 2015).

Ecological studies are essential for understanding the
status of the forest and developing a plan for conservation
action (Vivero et al. 2005). Therefore, conducting a study
on the carbon stock of the forest is essential to develop a
plan for the wise use of forest resources and their conser-
vation in an efficient way. In west Gojjam Zone, different
studies, such as Birhanu et al. (2018) on Amoro Forest, Me-
konnen and Wassie (2022) on Wonjeta St Micheal Church
Forest has been conducted regarding floristic composition
and vegetation structures, but there is a limited study in
Jiga Forest. The absence of previous studies in the study
area regarding carbon stock estimation is the main reason
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Fig. 2 Clima diagram of the study area.

for this scientific study.

Materials and Methods

Description of the study area
The study was conducted in Jiga Forest located in Jabitehnan

District, west Gojjam Zone, Amhara National Regional
State, which is situated between 10°40'33"N and 37°23'18"E
with the altitudinal range between 1,795 and 1,856 m a.s.l.
The district town Jiga is about 372 km North of Addis
Ababa and 185 km South of Bahir Dar, the capital of Am-
hara Regional State, and about 14.4 km southeast of the
zone capital Finote Selam (Fig. 1).

Climatic data for the study area were obtained from the
National Meteorology Service Center in Bahir Dar, cover-
ing a thirteen-year period (2011-2023). The district receives
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Fig. 3 Partial view of plant community of Jiga Forest.

an average annual rainfall of 1,270 mm. The area experi-
ences a prolonged rainy season from May to October, with
peak rainfall occurring between June and September, while
only light rainfall is recorded from December to February.
The mean minimum and maximum temperatures are
13.3°C and 33.1°C, respectively, with an overall mean an-
nual temperature of approximately 22.3°C (Fig. 2).

Sampling technique

A systematic random sampling technique was employed
for the collection of vegetation and environmental data. In
this approach, the first plots were laid randomly from the
base of forest after the first plots the sample plots were tak-
en at a fixed interval starting from the base to the top of
the forest and the distance between each plot is 20 m dis-
tance and 50 meters separating each transect that does not
coincide with any pattern in the vegetation due to either to
the properties of plants themselves or to some regularly
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distributed environmental control (Kent 2012). A total of
50 plots were collected from the forest (Fig. 3).

Carbon stock estimation
To estimate the forest carbon stock, the diameter at breast

height (DBH) and height of all trees and shrubs within sys-
tematically selected sample plots measuring 20 m x 20 m
(400 m®) were recorded. In this study, DBH was measured
only for woody species with a DBH greater than 5 cm, while
individuals with a DBH less than 5 cm were not measured.
DBH and height measurements were taken using a mea-
suring tape, starting from the plot edges and moving in-
ward. Trees with multiple stems above breast height were
recorded as a single individual (Pearson et al. 2005).

Litter, herbs, and grasses sampling
Litter, herbs, and grasses samples are collected from four

corners, and the center of main sample plot subplots which
has 2 m x 2 m (4 m®) were collected, weighed, and record-
ed as field wet weight on the field, and 100 g of evenly mixed
sub-samples for each plot were taken to Debre Markos Soil
Fertility Improvement Laboratory to determine dry biomass
and percentage of carbon.

Soil sampling

The soil samples were collected from four corners and
the center of each plot from a depth of 30 cm and mixed,
and a composite sample of 100 g from each plot was taken
to Debre Markos Soil Fertility Improvement Laboratory for
soil carbon analysis. For the bulk density determination of
soil, a core sampler was used to collect soil samples to cal-
culate bulk density.

Carbon stock analysis
The total carbon stock of the forest was analyzed by cal-

culating aboveground live biomass, dead tree biomass, be-
low ground biomass (BGB), and litter biomass (Pearson et
al. 2005). The AGB and BGB were converted to carbon
stock densities after multiplication with the IPCC (2006)
default carbon fraction of 0.47.

AGB was calculated using a previously published allome-
tric equation using an important parameter of height and
DBH used for estimating tree biomass and carbon stock
(Brown et al. 2004). In this research, allometric models were
selected because preference was given to equations using
DBH and tree height, which is easily measurable and strong-
ly correlated with biomass.

AGB = 0.0673*(pD’H) **”°

Where: AGB = above ground biomass in kg
p = specific wood density in g cm™
D = stem diameter at breast height
H = total height of tree in meter
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BGB of woody plant species was analyzed from the relation-
ship of its AGB. BGB is estimated to be 20% of the AGB
(Brown 1997).

BGB = AGB x 0.2

Where: BGB = below ground biomass in kg
AGB = above ground biomass in kg

To analysis litter, herbs and grasses 100 g of mixed sub-
samples of fresh weight were oven dried at 105°C for 24
hours. The oven-dried samples were ground and 20 g sam-
ples were combusted in pre-weighted crucibles in the fur-
nace at 550°C for two hours to ignite then, the cooled cru-
cibles with ash were weighted to determine the percentage
of organic carbon in the litter using the loss on ignition
method following Tilahun (2018). The weight loss is as-
sumed to be proportional to the amount of organic carbon
contained in the sample.

W field
Fresh weight A

Dry weight

LB=

Where: LB - litter biomass, W field - weight of fresh sample
of litter sampled within an area of size 1 m’, A — area of sam-
ple in ha

To determine Soil Organic Carbon field moist soil was
dried in an oven at 105°C for 24 hours in the laboratory,
and re-weighted to determine moisture content and dry
bulk density. To estimate the percentage of organic carbon,
samples were analyzed. Organic matter is converted to or-
ganic carbon using the factor SOC = SOM x 0.58 (Pribyl
2010).
Where: SOC = soil organic carbon, SOM = soil organic
matter

The carbon stock density of soil organic carbon was cal-
culated from the volume and bulk density of the soil.

\% =nrh

of soil in core sampler

mass of ovendry soil

BD =

volume of soil

SOC=BD*d*%C

Carbon stock of Jiga Forest

AGB and carbon stock of Jiga Forest

The mean AGB and carbon stock stored in tree species
per each plots were 712.51 and 334.88 ton ha™', respectively.
The minimum and maximum carbon density per plot were
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Above ground biomass (AGB) and carbon stock of top ten species Jiga Forest

No Species AGB (ton ha™)
1 Cordia africana 6,368.4
2 Ficus vasta 45,935.0
3 Teclea nobilis 463.5
4 Ficus sur 3,207.5
5 Combretum collinum 996.0
6 Croton macrostachyus 764.8
7 Albizia schimperiana 2,040.1
8 Phoenix reclinata 106.7
9 Vernonia amygdalina 36.1
10 Dracaena steudneri 18.8

BGB (ton ha™) AGC (ton ha™) BGC (ton ha™)
1,274.0 2993.2 598.6
9,187.0 21,589.4 4,317.9

92.7 217.8 43.6
641.5 1,507.5 301.5
199.2 468.1 93.6
153.0 359.5 71.9
408.0 958.9 191.8

21.3 50.2 10.0

7.2 16.9 3.4
3.8 8.9 1.8

BGB: below ground biomass; AGC: above ground carbon; BGC: below ground carbon.

0.84 and 1,172.1 ton ha™'. The minimum and maximum
AGB per plot were 1.79 and 2,493.08 tons per ha respec-
tively. The AGB of woody species varied among the plant
species the highest AGB per tree was obtained from a tree
species having the highest DBH value for instance Ficus
vasta, Cordia africana, Albizia schimperiana, Teclea nobil-
is, Ficus sur, Combretum collinum, and Croton macrostachy-
us. The lowest AGB per tree was obtained from a tree spe-
cies having less DBH value for instance Vernonia amygdalina,
Phoenix reclinata and Dracaena steudneri and also the
AGC stock of Jiga Forest showed variation among plot in
which plot 14 contributed the highest AGC stock followed
by plot 13 and plot 28 and the least AGC stock was ob-
tained from plot 21 has 14.88 ton ha™" (Table 1).

BGB and carbon stock of Jiga Forest

The mean BGB and below ground carbon (BGC) of Jiga
Forest was 620 ton ha™' and 291.4 ton ha™' respectively. BGB
shows direct proportionality because it is derived from AGB.
Similar to AGB, the amount of BGB in this study showed
variation between plots and plant species.

Litter, herbs and grasses carbon stock

Litter biomass and carbon stock of Jiga Forest have been
estimated from 50 sample plots within 1 m x 1 m individ-
ual subplots. The mean biomass and carbon stock in the
litter carbon stock of Jiga Forest were 2.68 ton ha™ and 1.26
ton ha™, respectively. The minimum and maximum litter
biomass estimation of Jiga Forest were 1.8 and 3.6 ton ha™
and the minimum and maximum litter carbon stock esti-
mation of Jiga Forest were 0.85 and 1.69 ton ha™. The CO,
sequestration potential of Jiga Forest was obtained by mul-
tiplying the litter carbon stock of the forest by 3.67. There-
fore, mean CO, sequestration potential of Jiga forest in the
litter per plot was 4.62 ton ha™' (Table S1).

Soil carbon stock

Soil test analysis of Jiga forest shows that the soil bulk
density ranged from 0.50.86 g cm™ to 1.22 g cm™ while the
average soil bulk density was 1.01 g cm™ from this bulk

density of the forest soil organic carbon was calculated and
soil organic carbon showed that, the mean soil organic car-
bon of Jiga forest was 248.06 ton ha™ with a minimum val-
ue of 207.01 ton ha™ to the maximum of 289.17 ton ha™".
The CO, sequestration potential of Jiga Forest was ob-
tained by multiplying the litter carbon stock of the forest
by 3.67; therefore mean CO, sequestration potential of Jiga
Forest in soil organic matter per plot was 910.38 ton ha™
(Table S2).

AGC and BGC stock
AGB and BGB are key indicators used to assess the car-

bon storage capacity of vegetation, playing a vital role in
evaluating the contribution of forests to carbon sequestra-
tion and climate change mitigation. AGB includes all plant
biomass found above the soil surface, such as trunks,
branches, and leaves, while BGB encompasses the biomass
contained in root systems. The associated AGC and BGC
values indicate the amount of carbon stored within these
respective components of forest biomass (Misganaw et al.
2021).

The AGB of woody species varied among the plant spe-
cies highest AGB per tree was obtained from a tree species
having the highest DBH value for instance F. vasta, C. afri-
cana, A. schimperiana, T. nobilis, F. sur, C. collinum, and
C. macrostachyus. The mean AGB and carbon stock stored
in tree species per plot were 712.51 and 334.88 ton ha™', re-
spectively. The minimum and maximum carbon density
per plot were 0.84 and 1,172.1 ton ha™'. The minimum and
maximum AGB per plot were 1.79 and 2,493.08 tons per
ha, respectively. The AGB of woody species varied among
the plant species highest AGB per tree was obtained from a
tree species having the highest DBH value, for instance, F.
vasta, C. africana, A. schimperiana, T. nobilis, F. sur, C.
collinum, and C. macrostachyus. This finding helps to pri-
oritize those tree species having the highest DBH value for
conservation and sustainable use.
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The lowest AGB per tree was obtained from a tree spe-
cies having less DBH value for instance V. amygdalina, P.
reclinata and D. steudneri and also the AGC stock of Jiga
Forest showed variation among plot in which Plots 14, 13,
and 28 stored the highest carbon stocks these areas should
be designated as priority conservation zones, while plots
with lower carbon can be targeted for restoration and en-
richment planting. The mean AGC stock stored in tree
species per plot was 334.88 ton ha™'. This value was com-
pared with carbon stocks reported for other dry Afromon-
tane forests in Ethiopia (Gebeyehu et al. 2019). The rela-
tively high carbon stock observed in this forest is primarily
attributed to the presence of larger trees with greater DBH
and height, whereas forests dominated by medium-sized
trees generally exhibit lower carbon storage.

The carbon stock of Jiga Forest is relatively high com-
pared with many dry Afromontane forests in Ethiopia and
Africa, but it also differs considerably from other forest bi-
omes globally. The mean AGC stock of Jiga Forest 334.88
ton ha™' is greater than values reported for some tropical
dry forests, which typically range between 100-250 ton
ha™, but lower than the carbon densities found in tropical
moist rainforests such as the Amazon or Congo Basin,
where AGC stocks can exceed 400-600 ton ha™ (Pan et al.
2011; Saatchi et al. 2011). Similarly, the soil organic carbon
stock of Jiga Forest (248.06 ton ha™) is higher than the
global average for tropical forests 150 ton ha™', but lower
than boreal forests, which may exceed 400 ton ha™' due to
colder climates that slow decomposition rates (Batjes 2014).

The observed differences between Jiga Forest and other
global biomes can be attributed to several ecological and
climatic conditions influence soil carbon storage warmer
temperatures and seasonal rainfall in dry Afromontane
forests promote faster organic matter decomposition com-
pared with boreal systems, resulting in lower long-term
soil carbon accumulation and disturbance history and land-
use practices may also explain variation forests with a his-
tory of selective logging, grazing, or fire often show reduced
biomass and carbon stocks compared with intact forests.

BGC stock of the forest is directly proportional with that
of AGC stock of the forest higer AGC stock has high BGC
stock which is 20% of AGC stock (Brown 1997). The mean
BGB and BGC of Jiga Forest were 620 ton ha™' and 291.4
ton ha™ respectively.

Soil carbon stock
The mean soil organic carbon of Jiga forest was 248.06

ton ha™ with a minimum value of 207.01 to the maximum
of 289.17 ton ha™". This value covered 38% of the total car-
bon stock of the forest. This value is higher than the stan-
dard value of soil organic carbon 130 ton ha™ and also
higher compared with that of related study of dry afrom-
ontane forest of Gebeyehu et al. (2019) May be due to the
presence of high humus and relatively slow decomposition
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rates under forest conditions, which favor the accumula-
tion and long term storage of carbon in the soil.

The soil test analysis of Jiga Forest reveals critical infor-
mation about soil health and its capacity for carbon stor-
age. With an average soil bulk density of 1.01 g cm™ and a
mean soil organic carbon content of 248.06 ton ha™', the
forest exhibits favorable conditions for ecological health
and carbon sequestration. This data underscores the im-
portance of conserving and managing the forest to en-
hance its contributions to carbon cycling, biodiversity, and
climate change mitigation. Sustainable practices can fur-
ther optimize the carbon sequestration potential of Jiga
Forest, making it a vital asset in the fight against climate
change.

Litter, herbs and grasses carbon stock
The litter biomass and carbon stock of Jiga Forest reveal

important ecological characteristics that contribute to its
role in carbon sequestration. Maintaining litter and under-
story vegetation contributes to soil fertility and long term
carbon storage. Continued monitoring and management of
these forest ecosystems are essential for maximizing their
benefits in climate regulation, biodiversity support, and
overall ecological health. The mean litter biomass of 2.68
ton ha™' indicates a moderate level of organic material
available on the forest floor, which is crucial for soil fertili-
ty, moisture retention, and habitat for various organisms.
The mean litter carbon stock of 1.26 ton ha™ reflects the
amount of carbon stored in the litter layer. This carbon is
vital for mitigating climate change, as it represents carbon
that is sequestered from the atmosphere. The observed
range of litter biomass from 1.8 ton ha™ (minimum) to 3.6
ton ha™' (maximum) suggests variability in litter accumu-
lation, possibly due to differences in vegetation types, soil
conditions, microclimates, or disturbances. Such variabili-
ty can provide insights into ecological processes and the
health of different forest areas.

The mean carbon stock in the litter carbon stock of Jiga
Forest was 1.26 ton ha™ which is lower than AGC and BGC
stock of tree species and soil carbon stock of Jiga forest be-
cause high carbon stock in above ground vegetation re-
corded due to presence of abundant and large sized woody
species (Tilahun 2018). The high carbon stock potential of
trees in the forest was attributed due to the density, age,
and DBH of the tree species the study conducted by Shres-
tha and Singh (2008) reported that the size and age of
trees, could affect the carbon stock of forest ecosystem.
This litter, herbs and grasses carbon stock of jiga forest is
better than (Addi 2018) with its mean value 0.57 areas.

The mean carbon stock in the litter carbon stock of Jiga
Forest was 1.26 ton ha™ which is lower than AGC and BGC
stock of tree species and soil carbon stock of Jiga forest be-
cause high carbon stock in above ground vegetation re-
corded due to presence of abundant and large sized woody
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species (Tilahun 2018). The high carbon stock potential of
trees in the forest was attributed due to the density, age,
and DBH of the tree species the study conducted by Shres-
tha and Singh (2008) reported and lower than the litter,
herbs and grasses carbon stock of (Hassen 2015) with its
mean value 2.20 ton ha™.

The carbon stock assessment of Jiga Forest exhibits a
high mean AGB and carbon stock of 712.51 ton ha™ and
334.88 ton ha™, respectively, with species like F. vasta, C.
africana, and A. schimperiana contributing substantially
due to their large DBH values. Conversely, species with
smaller DBH, such as V. amygdalina and D. steudneri, had
lower carbon contributions. BGB and carbon stock, direct-
ly proportional to the above ground values, were estimated
at 620 ton ha™' and 291.4 ton ha™'. The mean soil organic
carbon stock was 248.06 ton ha™, and litter, herbs, and
grasses contributed moderately, with a mean carbon stock
of 1.26 ton ha™'. The variation among plots and species re-
tlects the forest’s structural diversity and ecological com-
plexity. Overall, Jiga Forest holds a high total carbon stock
compared to other dry Afromontane forests in Ethiopia,
although it remains lower than tropical moist forests glob-
ally due to its rich species composition and the presence of
mature, large diameter trees.

Supplementary information accompanies this paper at
https://doi.org/10.5141/jee.25.056.

Table S1. Total carbon stock of Jiga Forest. Table S2. Soil
test of Jiga Forest.
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