Abera & Hanbesa

Sci. Technol. Arts Res. J., July —Sep, 2026, 15(3), 26-41

DOIl:https://doi.org/10.20372/star.V15.i3.03
ISSN: 2226-7522 (Print) and 2305-3372 (Online)

STAR

Journal

Science, Technology, and Arts Research Journal
Sci. Technol. Arts Res. J., July-Sep. 2026, 15(3), 26-41
Journal Homepage: https://journals.wgu.edu.et

Comparative analysis of biomass and soil carbon stock estimation of Gambo forest and its
adjacent parkland agroforestry, Negele Arsi woreda, Ethiopia

Abera Batu! & ““'Hanbesa Hashim?*

"Negelle Arsi Town Land and Environmental Protection Office, P. O. Box 24, Negelle Arsi, Ethiopia
2College of Natural Resource and Environmental Science, Oda Bultum University, P. O. Box 226,

Chiro, Ethiopia

Abstract

Article Information

While forests and agroforestry (AF) systems are essential for climate change
mitigation, there is a lack of comparative analysis of carbon stocks in Gambo
forest and an adjacent parkland AF. Current study biomass carbon
measurements and comparisons fill that gap. All land-use categories have 20
plots. Tree height and DBH were measured for those with a DBH > 5 cm. To
collect litter and soil samples (at 30 cm depth), each plot comprises five Im %
Im quadrats: four at the corners and one in the middle. Gambo forest conserved
more carbon than nearby parkland AF, but the differences in AGC (137.78 vs.
61.74 t/ha) and BGC (35.84 vs. 12.35 t/ha) were not significant (p < 0.05).
However, the forest had significantly higher (p < 0.05) litter (4.16 t/ha) and
SOC (208.09 t’ha) than parklands (1.85 and 134.02 t/ha). The two land uses
differ greatly in mean total carbon. Ancient, huge trees with large DBH,
complex, multi-layered canopies, and diversified tree structures increase
vertical and horizontal space and plant biomass density, storing more carbon in
natural forests. Both land use patterns have great carbon sequestration
potential, requiring integrated, proactive actions to minimize deforestation and

protect forests.
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INTRODUCTION

Climate change is a global problem, which is the
(GHG)
concentration, mainly carbon dioxide (COz) from
different land-use changes (Tadesse et al., 2019).
Forests are critical for mitigating atmospheric
GHG levels because they sequester substantial
carbon (C) within their parts as biomass and soil
under them (Jose, 2009). Conversely, deforestation
in tropical areas is a major issue, responsible for

result of increased greenhouse gas carbon

roughly twenty-five percent of net annual CO:
inputs and about 10% of nitrous oxide (N:20)
emissions.

stock and local
(Kothandaraman et al.,, 2020). While carbon
storage capacity varies depending on the specific
land use, with natural forests typically holding the
highest stocks (Tadesse et al., 2019), AF is also a
promising approach for boosting atmospheric

Consequently, forests and AF are essential for

climate regulation

carbon sequestration, especially in developing
countries (Manaye et al., 2019). These systems
help mitigate GHGs by storing carbon in both soil
and AGB, though their carbon storage potential is
limited (Kuyah et al., 2012).
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Statement of problem

Ethiopia's plant life is highly diverse, spanning
from lowland shrublands to dense tropical
rainforests (Wang et al., 2019). Despite this rich
biodiversity, the country faces severe deforestation
and forest loss, which is driven primarily by the
conversion of wooded areas into small- and large-
scale agricultural lands (FAO, 2020). Forest
degradation in Gambo forest is primarily driven by
a combination of local socio-economic challenges
and weak institutional oversight (Masha et al.,
2024). Rapid population expansion forces
smallholder farmers to encroach upon forest
margins to meet rising food demands (Habtamu et
al., 2018). Simultaneously, a scarcity of alternative
energy sources makes charcoal production a
primary means of securing immediate household
income, establishing a strong financial motivation
to exploit vulnerable indigenous tree species.
These damaging practices are intensified by
significant institutional changes (Masha et al.,
2024). Ultimately, this loss of forest cover elevates
atmospheric carbon dioxide levels, accelerating
global climate change (Manaye et al., 2019).
Rising global emphasis on climate mitigation and
carbon trading highlights the necessity of precise
carbon stock assessment and comparison across
land wuses, including natural forests and AF
systems. So, biomass carbon stock estimation of
forests with AF is essential. Accurate biomass

Stady Area Map of Ashoka Kebele and Natural Forest
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estimations of forest and AF are very important for
evaluating the role of carbon sequestration and
supporting climate policy. this context,
comparative analysis of the carbon dynamics of
Gambo Forest and adjacent parkland AF is crucial

In

for sustainable tree management and resilience.

Research questions

1. What are the biomass and soil carbon
stocks of Gambo forest and its adjacent

parkland AF?

2. What are the differences in biomass and
SOC carbon sequestration capacity
between the two land uses?

3. What are the differences in plant species
composition across the two land-use types
that would lead to variations in biomass
carbon stocks?

MATERIALS AND METHODS
Study area description

Location

This study was undertaken in Gambo Forest and
its nearby parkland AF in Ashoka Kebele. It is
situated in Negelle Arsi woreda, Ethiopia. The
study area is located at the latitude 6° 50°-7°38 N
and longitude 38°407-39° 06 E (Figure 1) and at
an elevation ranging from 2100 to 2450 m with an
area of 661.92 ha. It is located 240 km south of
Addis Ababa and 14 km from Negelle Arsi town.
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Figure 1. Location map of the study area
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Climate, soil, and plant type

The study area is characterized by a warm climate
with a primary rainy season from July to October
and a shorter season from May to June. According
to Tolera et al. (2008), the site has a mean annual
rainfall of 1200 mm and an average temperature of
approximately 20°C. This area is experiencing
rapid degradation despite being dominated by
ecologically and economically significant tree
species. Primary species included in the area are
Rapanea melanophloeos, Hagenia abyssinica,
Juniperus procera, and Podocarpus falcatus
(Tolera et al., 2008).

Sampling design and techniques

Carbon stock was estimated using simple random
sampling, with 20 sample plots established for
each land-use type. Rectangular plots (20 m x 10
m for natural forest and 50 m x 100 m for
Parkland AF) were used due to their reported
superiority in capturing heterogeneity compared to
square or circular shapes (Hairiah et al., 2001).
Plot sizes vary based on vegetation growth
patterns within each specific land use. For
instance, natural forests feature dense, crowded
plant populations, whereas parkland agroforestry
(AF) systems contain large, widely scattered trees
(Hauck et al., 2023). Natural forests also share

consistent environmental conditions over short
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distances, meaning smaller samples can accurately
reflect the broader landscape. In contrast, small
sample plots in parkland systems might miss trees
entirely or measure a single massive tree, failing to
represent the farm as a whole (Hauck et al., 2023).
Furthermore, natural forests have lower spatial
heterogeneity relative to their area because trees
grow in dense clusters or continuous distributions.
Parkland AF systems exhibit extreme spatial
heterogeneity due to intentional row arrangements,
boundary plantings, or wide intercropping gaps.
Because trees are highly scattered or restricted to
narrow bands, small plots risk capturing extreme
outliers, such as hitting a dense cluster or missing
trees entirely (Hauck et al., 2023). To manage this
significant spatial variance and establish a reliable
baseline, the plot size must be scaled up
substantially. Ultimately, Ashoka kebele was
chosen for this study because of its close
proximity to the Gambo forest and the presence of
parkland AF. Each tree in a plot was identified and
recorded by its local name (Afan Oromo) with the
help of elders, and its scientific name was
identified from the book of Tesemma (2007),
“Useful Trees and Shrubs for Ethiopia." Soil
samples (bulk density (BD) and soil organic
carbon (SOC)) and litter were collected from 1 m
x 1 m subplots located at the four edges and center
of each plot, employing an X' pattern as indicated
in Figure 2.

Corner 1

Corner 3

Center

Corner 2

Corner 4

Figure 2. Soil and litter Sample plot design for study area
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Method of data collection
Field data measurement

Above-ground biomass (AGB) estimation was
conducted by measuring all trees within the
sample plots that exhibited a diameter at breast
height (DBH) of 5 cm or greater (measured at 1.3
m above ground level). Tree diameters were
determined using calipers or diameter tapes for
larger specimens, while heights were recorded
with a hypsometer. For branching individuals,
stems dividing above 1.3 m were treated as a
single tree, whereas those forking below this
height were cataloged as separate individuals.
Finally, wood basic density values were sourced
from the 2017 Ethiopian Forest Reference Level
report submitted to the UNFCCC.

The soil samples were taken at a thirty-
centimeter depth using an auger (Negash and
Starr, 2015). The soil and litter samples collected
from the four corners and at the center of large
sample plots. The samples were mixed to make a
representative sample of 100 g of litter and soil.
Then the sample was brought to the laboratory for
litter biomass analysis and SOC. Additionally, 200
g soil samples were collected from the same
quadrant for bulk density analysis using a 10 cm
length, 3.4 cm diameter core sampler, which was
carefully inserted to prevent compaction
(Roshetko et al., 2007). The soil sample for SOC
was oven-dried at 105°C for 48 hours to remove
moisture content and determine SOC, while the
litter was oven-dried at 75°C for 24 hours. For
bulk density, soil samples were oven-dried at
105°C for 24 hours (Pearson et al., 2007).

Data analysis
Above ground and below ground biomass
estimation

To estimate biomass carbon storage, this study
utilized allometric models, applying a 50% carbon
fraction as recommended by FAO (2020). AGB
was estimated using the pant-tropical model by
Chave et al. (2014), using wood density (wbd in
g/cm?), diameter at breast height (dbh, cm), and
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height (ht in m). This model was chosen for its
accuracy across diverse climatic zones and natural
forest types. AGB (above-ground biomass in
kg/tree) is calculated.

AGB = 0.0673x(dbh?xhtxwbd)?°76 (D

The equation developed by Kuyah et al.
(2012) was used to estimate biomass of trees in
parkland AF systems.

AGB = 0.225 x(dbh)>3*.x(wbd)°73 2)
We selected this equation due to its
applicability to agricultural settings and its

alignment with the environmental characteristics
of our study location.

Due to the high cost and labor-intensive nature
of direct measurement, below-ground biomass
(BGB) was estimated as 20% of the above-ground
biomass (AGB) for both land uses, following
Gibbs et al. (2007).

BGB = 0.2xAGB (3)

Litter biomass carbon estimation

The litter samples were brought to Wondo Genet
College of Forestry and Natural
(WGCFNR) for laboratory analysis.
Litter dry biomass was calculated as follows:
LDM =

subsample dry mass x Fresh mass of the
whole sample 1 (4)
subsample fresh mass 10000

The expansion factor to hectares was converted by
using the expansion factor = 10,000 m?*/area of
plot (m?).

LC=LDMx%C (5
Where LC was the total carbon stock in litter in

Resources

t/ha, and % C was the carbon fraction determined
in the laboratory according to Pearson et al.
(2007).

The percentages of ash and organic carbon were
calculated as

% Ash = T~ x 100 (6)
%C = (100 — %Ash)x 0.5 (7)
Percentage carbon content was estimated as 50%

of OM according to Berhe et al. (2013).
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Where: W1-Weight of crucible, W2—-Weight of
the oven-dried ground sample and crucible, and
W3—Weight of ash and crucible

Soil data analysis

Once transported to the WGCFNR, soil samples
were treated with hydrochloric acid (HCI) to
eliminate inorganic carbon. The soil organic
carbon (SOC) content was then measured using
the Walkley and Black (1934) wet oxidation
technique, incorporating a correction factor of 1.33
to compensate for incomplete carbon oxidation.
Bulk density (g/cm?) and soil organic carbon (t/ha)
were determined as follows:

BD = (Oven — dry weight of the soil )/
(Volume of core sampler)

®)

SOC = BD x depth(cm)x % C x 1071 (9)
Where BD is bulk density, SOC is soil organic
carbon, & 107! is a unit factor between study areas
(10 mg Mg'x10%cm ha™).

Estimation of total carbon stock

Total carbon stock was determined by adding
together the densities of each individual carbon
pool.

TC = AGC x BGC + LC + SOC (10)
To evaluate differences in soil and biomass carbon
between the forest and parkland AF systems, we
conducted an independent samples t-test. We
performed all statistical analyses using SPSS
version 20.

RESULTS AND DISCUSSION

Table 1
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Results
Above- and below-ground carbon stock
The AGB carbon storage was found to be greater
in Gambo forest (137.78 t/ha) than in adjacent
Parkland AF (61.74 t/ha) (Table 1 and Figure 3).
The AGB carbon storage in Parkland AF was only
44.81% of the total found in the adjacent Gambo
forest (Table 1). Similarly, the Gambo forest in the
study area sequestered higher BGC (35.82 t/ha)
than Parkland AF (12.35 t/ha) (Table 1 and Figure
3). Gambo Forest BGC was greater than adjacent
parkland AF by more than 50% (Table 1). Even
though the above-ground biomass and below-
ground biomass carbon stock of Gambo forest
were greater than its adjacent parkland AF, this
difference was not statistically significant at p <
0.17 and p < 0.11, respectively (Table 1 and
Appendix 1).

Litter and soil organic carbon

Litter carbon stocks and soil organic carbon (SOC)
densities varied significantly between the studied
land-use types. Specifically, the Gambo forest
retained a significantly greater proportion of litter
carbon at 69.22% (4.16 t/ha) compared to the
adjacent Parkland AF system, which held only
30.78% (1.85 t/ha) (p < 0.001) (Table 1).
Similarly, the Gambo forest exhibited a 55.27%
higher SOC density (208.08 t/ha) than the
Parkland AF (134.02 t/ha), representing a
statistically significant difference (p < 0.001)
(Table 1 and Appendices 4 and 5).

The mean (t/ha) carbon stock in Gambo natural forest and its adjacent parkland AF

Land use categories AGC  Std.error BGC Std.error LC  Std. error SOC Std. error
Natural Forest 137.78 51.87 35.82 13.49 4.16 0.31 208.08 10.14
Parkland AF 61.74 6.07 12.35 1.21 1.85 0.08 134.02 14.23
p-value 0.17 0.11 0.001 0.001
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Total carbon stocks

The total carbon stock in the Gambo forest was
significantly higher at 385.84 t/ha, compared to

Table 2
Total carbon (TC) stock of study land uses
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209.97 t/ha in the adjacent parkland agroforestry
system (p < 0.011). This huge difference shows
that keeping natural forests safe stores a lot more
carbon than turning land into farming areas (Table
2).

Land use stands

Mean (t/ha) Standard error

Natural Forest TC 385.84 63.00
Parkland AF TC 209.97 12.88
P-value 0.011

In the natural forest, the total carbon stock is
distributed among soil organic carbon (SOC) at
53.93%, above-ground biomass (AGB) at 35.71%,
below-ground biomass (BGB) at 9.28%, and leaf
litter biomass at 1.08%. A comparable distribution
pattern was observed in the parkland agroforestry
(AF) system, where soil, AGB, BGB, and leaf
litter accounted for 63.83%, 29.40%, 5.89%, and

Consequently, both land-use types followed an
identical hierarchy in carbon storage capacity,
with the largest reservoir found in the soil,
followed sequentially by AGB, BGB, and leaf
litter. Furthermore, consistent with our hypothesis,
Figure 3 illustrates that the Gambo natural forest
consistently maintained higher carbon stocks
across all evaluated pools compared to the
adjacent parkland (AF).

W AGC tha
M EBGC t/ha
M| Ctha
MWTC t/ha

.__
PAF

Figure 3. Carbon pools for each land use type

0.88% of the carbon pool, respectively.
400
300
g
g
5 200
L)
100
. __
NF
Land use type
Discussion
Above ground and below ground Carbon stock

Above-ground (AGCO)
evaluated across two distinct land-use types, with
Gambo forest demonstrating significantly higher
values compared to the adjacent parkland AF

carbon stocks were

system. Correspondingly, because below-ground
carbon (BGC) was derived from AGC, the natural
forest also exhibited higher BGC levels than the
parkland AF. The Gambo forest exhibits greater
biomass carbon than the parkland AF system due
to its increased species diversity, higher stem
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density, reduced disturbance, and a greater
abundance of taller trees with larger diameters at
breast height (DBH). Conversely, the lower carbon
stocks in the parkland system are driven by

anthropogenic  pressures, including livestock
grazing, fuelwood collection, and charcoal
production. Livestock grazing, in particular,

degrades vegetation and compacts soil, which
severely hinders biomass carbon accumulation
(Omoro et al.,, 2013; Habtamu et al., 2018).
Furthermore, these discrepancies in carbon storage
are influenced by distinct management practices,
species composition, richness, basal area, and tree
density per hectare. Natural environmental factors
such as moisture, elevation, and temperature also
foster stable, self-regulating conditions that
maximize resource use and long-term organic
matter storage, ultimately giving old-growth
natural forests a significant advantage in total
biomass over managed agroforestry systems (Ekka
et al., 2026).

Environmental changes driven by altitude and
elevation gradients significantly alter forest
biomass across the studied plots (Feyissa et al.,
2013). Within the study's 2100 to 2450-meter
elevation range, colder temperatures at higher
points suppress tree metabolism, photosynthesis,
and decomposition, resulting in less living
biomass than in warmer, lower areas. Biomass
distribution is also regulated by localized moisture
and temperature differences (Feyissa et al., 2013).
Plots featuring moderate temperatures and high
moisture support dense, large-diameter trees that
maximize biomass. In contrast, plots suffering
from moisture stress exhibit restricted growth and
lower overall biomass.

The AGC stocks recorded in this study area
were lower than those documented for both the
Tara Gedam forest in Northwestern Ethiopia
(Gedefaw et al., 2014) and the Chilimo Gaji forest
in Central Ethiopia (Siraj, 2019).

Litter carbon stock

As shown in Appendices 2 and 3, litter carbon
pools varied across land uses, with higher levels in
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the Gambo forest compared to the adjacent
parkland AF. This disparity is likely due to lower
litter accumulation in the parkland AF, resulting
from human disturbances such as pruning
branches and collecting fallen leaves for firewood,
which are common local farming techniques
(Negash and Starr, 2015). Conversely, the
protected status of the Gambo forest resulted in
less human disruption, enabling higher litter
accumulation (Gatew et al., 2025).

Soil Organic Carbon stock

The SOC levels in the Gambo forest exceeded
those in the adjacent parkland AF, as detailed in
Appendices 4 and 5. This elevated SOC is
primarily driven by a higher accumulation of litter
biomass in the forest compared to the parkland
system (Gibbs et al., 2007). In contrast, the lowest
SOC levels occurred in AF, a trend directly linked
to minimal organic matter inputs. Additionally,
variations in SOC across different forest sites may
stem from differing climatic and environmental
conditions unique to each area (Negash & Starr,
2015).

Total Carbon Stock

With a total carbon stock of 385.82 t/ha, the
Gambo forest in this study exhibits higher carbon
sequestration levels than those reported for the
Egdu forest (Feyissa et al., 2013) and Ziba and
Anshirava forest (Gelaw et al., 2025) in Ethiopia
(Table 3). The current study forest's total carbon
stock was also greater than the carbon stock of the
Gardula forest, southwestern Ethiopia (Gatew et
al., 2025). However, the total carbon stock of the
current study was less than that of the study
conducted in Arba Minch Ground water Forest
(Melese et al., 2014) (Table 3).

the 209.97 t/ha potential
recorded in the parkland AF system adjacent to
Gambo forest is substantially greater than figures

Comparatively,

from similar systems. For instance, it is notably
higher than the 49.35 t/ha found in Silte woreda
(Semere et al., 2024), the 59.65 Mg/ha in Minjar
Shenkora (Tsedeke et al., 2021), and the 122.6 t/ha
observed in the Siaya region of Kenya (Henry et
al., 2009).
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Variations in carbon stocks across different studies
species
composition, biodiversity, and forest management
(Chave et al., 2014). Additional variables such as
localized microclimates, ecological disturbances,
and fuelwood harvesting also alter these estimates.
Furthermore, discrepancies in biomass carbon data
among these cited studies may often be due to
methodological differences, including the choice
of allometric equations, wood density values,

are primarily driven by stand age,

minimum tree size thresholds, and inventory

Table 3
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sampling designs (Chave et al., 2014). For
instance, natural forests generally demonstrate
rapid growth and higher biomass
accumulation than parkland agroforestry systems,

more

resulting in more effective carbon sequestration

over identical periods. Conversely, parkland
systems experience continuous human
disturbances, such as pruning, charcoal

production, and fuel wood collection, which
depress their carbon storage potential.

Comparison of biomass carbon stock (t/ha) of the present study with other studies

Study place AGC BGC TC
Natural Forest (this study) 137.78 35.82 385.84
Arba Minch Ground water Forest(Melese et al., 2014) 414.70  83.48 583.26
Egdu Forest (Feyissa et al., 2013) 278.0 55.62 333.7
Ades forest( Kassahun et al., 2015) 259.165 52.19 311.35
Ziba Forest (Gelaw et al., 2025) - - 140
Anshirava Forest (Gelaw et al., 2025) - - 226
Gardula Forest (Gatew et al., 2025) - - 271.57
Parkland AF (this study) 61.74 12.35 209.97
Parkland AF (Semere et al., 2024) - - 49.35
Parkland AF (Tsedeke et al., 2021) - - 59.65
AF in Keniya (Henry et al., 2009) - - 122.6

AGC= Above-ground carbon, BGC = Below-ground carbon, and TC = Total carbon.

CONCLUSION

Trees and forests play a crucial role in combating
climate change by absorbing atmospheric carbon and
storing it in their biomass for a long period of time. A
current study in the Gambo forest demonstrated that the
forest's total carbon stock (385.84 t/ha) is significantly
higher than that of the adjacent parkland AF system
(209.97 t/ha), highlighting how different land-use types
vary in their carbon storage capacities. However, both
systems contribute substantially to climate change
mitigation; they both deserve better management and
protection. These insights indicate that prioritizing
forest conservation alongside enhanced AF practices
can boost carbon  sequestration.
Nevertheless, this study was restricted to a small
geographic area and a few sample plots due to time and
budget limitations, which may have impacted the

successfully

broader scalability of these carbon estimates across the
wider Ethiopian highlands.

Recommendations

Based on the current study, the following actions are
recommended:

Protect both land uses: Although the natural forest
holds a larger carbon stock, adjacent agroforestry
systems also sequester significant amounts of carbon.
The local government should implement conservation
efforts for both.

Implement financial incentives: The local
government should establish Payments for Ecosystem
Services (PES) programs to financially reward farmers
who conserve natural forests
agroforestry practices.

and implement
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Encourage  community  management:  The
government should promote Participatory Forest
Management (PFM) to actively involve and motivate
local communities in managing agroforestry practices
for carbon sequestration.

Coordinate multi-level conservation: Coordinated,
integrated actions across all organizational levels are
essential to mitigate deforestation and safeguard
existing trees and forests within the study area.

Expand future research: Further comprehensive
carbon stock estimation studies should be conducted by
increasing both the geographic coverage and the
number of sample plots in the region.
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APPENDICES
Appendix 1
Above ground and below ground biomass carbon of study area
NF PAF
plot no AGC t/ha BGC t/ha AGC t/ha BGC t/ha
1 10.05954 2.615482 39.0617 7.81234
2 213.1639 55.42262 22.49543 4.499086
3 16.93409 4.402863 100.5991 20.11982
4 60.66282 15.77233 69.84003 13.96801
5 3.936525 1.023497 21.46592 4.293184
6 7.278619 1.892441 72.35354 14.47071
7 59.48546 15.46622 72.51924 14.50385
8 17.39758 4.52337 100.6785 20.1357
9 12.51887 3.254905 50.51205 10.10241
10 237.9628 61.87033 30.17432 6.034864
11 1016.788 264.3649 56.01836 11.20367
12 67.16209 17.46214 103.6296 20.72592
13 252.7922 65.72597 53.28176 10.65635
14 237.9628 61.87033 85.15096 17.03019
15 24.24013 6.302433 51.72885 10.34577
16 327.0487 85.03267 39.1825 7.8365
17 14.3834 3.739685 100.2829 20.05658
18 11.94994 3.106985 45.75028 9.150056
19 157.8886 41.05105 36.376 7.2752
20 6.286039 1.63437 83.71472 16.74294
Av. 137.7951 35.82673 61.74078 12.34816
Appendices 2
Data Sheet Litter Sampling natural forest
Plot number  FW(g) SSFW(g) DW LDM %0OM %0C LC
P-1 516 100 84.75 0.060884956 85.80706 56.76809 3.456322648
P-2 468 100 90.17 0.051901963 77.05404 51.69134 2.682882014
P-3 714 100 77.5 0.092129032 77.35612 51.86655 4.778415058
P-4 510 100 81.8 0.062347188 80.86142 53.89962 3.360489756
P-5 506.8 100 71.34 0.07104009 84.36963 55.93439 3.973584084
P-6 432 100 76.74 0.05629398 81.16607 54.07632 3.044171259
P-7 590.4 100 80.66 0.073196132 75.69102 50.90079 3.725740939
P-8 720 100 66.62 0.108075653 79.39314 53.04802 5.7331994
P-9 702 100 79.27 0.088558093 85.59824 56.64698 5.0165485
P-10 436.8 100 75.57 0.057800715 83.85291 55.63469 3.215724837
P-11 428.4 100 81.24 0.052732644 83.61821 55.49856 2.926585808
P-12 526.4 100 83.8 0.062816229 83.60958 55.49356 3.485896179
P-13 738 100 74.43 0.099153567 82.27233 54.71795 5.425479927
P-14 596.4 100 72.69 0.082047049 82.31944 54.74528 4.491688677
P-15 433.2 100 85.02 0.050952717 81.65031 54.35718 2.76964601
P-16 444 100 79.48 0.03528912 83.09067 55.19259 3.083229738
P-17 516 100 88.5 0.058305085 84.20476 55.83876 3.255683634

A Peer-reviewed Official International Journal of Wollega University, Ethiopia

37



Abera & Hanbesa

Sci. Technol. Arts Res. J., July —Sep, 2026, 15(3), 26-41

P-18 933.6 100 67.73 0.137841429 90.05837 59.23385 8.164878541
P-19 687.2 100 74.18 0.092639525 91.68636 60.17809 5.574869702
P-20 654.4 100 77.9 0.084005135 92.5287 60.66665 5.09631011
0.074929215 4.163067341
Appendices 3
Data Sheet Litter Sampling Parkland AF Litter Data
plot number FW(g) SSFW(g) DW LDM %0OM %0C LC
P-1 345 100 69.56 0.0239982 93.40028 54.17216 2.68680207
P-2 202 100 72.6 0.027823691 92.85644 53.85674 1.498493317
P-3 275 100 67.73 0.040602392 91.05837 52.81385 2.144368633
P-4 301 100 72.95 0.041261138 92.64825 53.73599 2.217208086
P-5 260 100 61.89 0.042010018 88.1297 51.11523 2.147351721
P-6 270 100 66.35 0.040693293 90.86812 52.70351 2.144679382
P-7 234 100 70.47 0.033205619 91.60242 53.1294 1.764194636
P-8 250 100 79.17 0.031577618 92.25325 53.50689 1.689620121
P-9 266 100 88.16 0.030172414 92.31842 53.54468 1.615572241
P-10 260 100 64.09 0.040567951 91.39534 53.0093 2.150478702
P-11 257 100 79.01 0.032527528 92.83767 53.84585 1.751472402
P-12 278 100 76.62 0.036282955 91.74883 53.21432 1.93077277
P-13 254 100 88.97 0.028548949 93.19272 54.05178 1.543121515
P-14 228 100 75.47 0.02173536 94.0872 54.57058 1.648614316
P-15 264 100 79.87 0.02108568 94.24448 54.6618 1.80677541
P-16 271 100 74.6 0.036327078 92.63943 53.73087 1.951885492
P-17 245 100 81.13 0.030198447 92.80853 53.82895 1.62555069
P-18 314 100 82.16 0.038218111 92.25364 53.50711 2.044940669
P-19 243 100 78.86 0.030814101 93.74772 54.37368 1.675476064
P-20 140 100 77.62 0.018036589 94.21942 54.64726 0.985650142
0.034586488 1.851151419
Appendices 4
Soil organic carbon for natural forest
plot no BD(gm/cm3) D(cm) %0C SOC
P-1 0.4765072 30 11.66688 166.78
P-2 0.61267232 30 9.714624 178.56
P-3 0.71201728 30 11.38925 243.28
P-4 0.58074848 30 11.11344 193.62
P-5 0.74384128 30 11.52346 257.15
P-6 0.73677552 30 9.01824 199.33
P-7 0.43131712 30 10.28851 133.13
P-8 0.7606976 30 11.29939 257.86
P-9 0.58860048 30 10.17408 179.65
P-10 0.786552 30 11.6567 275.06
P-11 0.50527152 30 10.01894 151.87
P-12 0.5696496 30 10.11898 172.93
P-13 0.66924 30 9.477696 190.29
P-14 0.61240816 30 13.02912 239.37
P-15 0.54174848 30 10.45594 169.93
P-16 0.63815856 30 8.259552 158.13
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P-17 0.58555744 30 11.70374 205.60
P-18 0.49531248 30 18.82483 279.73
P-19 0.47144656 30 18.19584 257.35
P-20 0.36485488 30 23.03578 252.14
Av. 208.09
Appendices 5
Soil organic carbon for park land AF
Plot no BD(gm/cm3) D(cm) %0C SOC
P-1 0.459 30 10.88941 149.79
P-2 0.657503299 30 11.75392 231.85
P-3 0.659772598 30 5.76973 114.20
P-4 0.42556811 30 6.79552 86.76
P-5 0.488722864 30 8.581248 125.82
P-6 0.291492528 30 5.76973 50.45
P-7 0.44612383 30 9.412416 125.97
P-8 0.316360701 30 8.25446 78.34
P-9 0.285544768 30 10.62195 90.99
P-10 0.55961232 30 19.0944 320.56
P-11 0.408693466 30 11.99366 147.05
P-12 0.689436888 30 9.120384 188.64
P-13 0.516323085 30 10.17619 157.63
P-14 0.506448496 30 4.300096 65.33
P-15 0.477041725 30 10.55808 151.10
P-16 0.410926163 30 15.63568 192.75
P-17 0.487466645 30 8.19936 119.91
P-18 0.410926163 30 8.918208 109.94
P-19 0.717796592 30 3.571776 76.91
P-20 1.027157237 30 3.132672 96.53
Av. 134.0268871
Appendix 6
Basic Wood Density of Species in the study area
Scientific Name of species WBD (g/cm3)
Allophylus abyssinicus 0.491
Apodytes dimidiata 0.61
Bersama abyssinica 0.671
Buddleja polystachya 0.4
Cassipourea malosana 0.673
Celltis africana 0.76
Croton macrostachyus 0.56
Dombeya torrida 0.588
Ekebergia capensis 0.58
Fagaropsis angolensis 0.7
Ficus sycomorus 0.422
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Hagenia abyssinica
Junipperus procera
Maesa lanceolata
Maytenus arbutifolia
Millettia ferruginea
Nuxia congesta

oncoba spinosa
Pittosporum viridiflorum
Podocarpus falcatus
Polyscias fulva

Premna schimperi
Prunus africana
Rapanea melanophloeos
Schefflera abyssinica
Schefflera volkensii
Schrebera alata
Syzygium guineense
Vepris dainellii

0.56
0.54
0.676
0.713
0.738
0.512
0.647
0.633
0.52
0.44
0.658
0.85
0.732
0.491
0.405
0.79
0.74
0.7

Appendix 7

Picture captured by authors during data collection

A. DBH measurement in AF

B. DBH measurement in Gambo natural Forest
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C. 1m by lm plot for litter and soil sampling D. soil sampling
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  A G B = 0 . 0673 x   (   d b h 2 x h t x w b d )  0 . 976                                 ( 1 )


  A G B = 0 . 225   x   (   d b h )  2 . 341 x ( w b d )  0 . 73                               ( 2 )


  B G B = 0 . 2 x AGB                                                                                                             ( 3 )


  L D M =      subsample   dry   mass   x   Fresh   mass   of   the                                                                                     whole   sample    subsample   fresh   mass x   1   10000                 ( 4 )


  L C = L D M   x   %   C                                                                                                           ( 5 )


  %   A s h =   W 3 − W 1    W 2 − W 1 x   100                                                                                     ( 6


  % C =  ( 100 − % A s h ) x   0 . 5                                                                       ( 7 )


  B D = ( Oven − dry   weight   of   the   soil   ) / ( Volume   of   core   sampler )                                                                                           ( 8 )


  S O C = B D   x   d e p t h  ( c m ) x   %   C   x     10  − 1                             ( 9 )


  T C = A G C   x   B G C + L C + S O C                                                     ( 10 )

