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ABSTRACT

A significant land use change from cropland to short rotation forestry (SRF) has taken place in the northwestern (NW) Ethiopian
highlands where a fast-growing tree species, Acacia mearnsii, is cultivated to produce charcoal for urban markets. We investi-
gated the extent of this land use change, its impact on the landscape carbon (C) budget, and its implications for climate change
mitigation by combining field studies with remote sensing. We analyzed land use and land cover changes between 2005 and
2022 using Google Earth Pro imagery and validated the result with ground truthing through field observations. We estimated C
stocks using soil and biomass samples collected from A. mearnsii plantation fields managed by smallholder farmers across three
rotations and stand ages, as well as from cropland and other major land use types. Between 2005 and 2022, 60% of the cropland
in the studied district was converted to A. mearnsii plantations. Our analysis showed that A. mearnsii cultivation had the highest
spatial cover in 2017. However, a disease outbreak in 2020 resulted in a 40% reduction in cultivated area by 2022 compared to
2017 levels. The expansion of A. mearnsii cultivation increased total landscape C stocks by 21%, equivalent to a net sequestration
of 0.3 Mt CO, year™" in the study district. This corresponded to 2.3% of Ethiopia’s total annual fossil fuel emissions in 2021. The
observed gain was due to C accumulation in standing biomass. In contrast, soil C stock showed a declining trend with successive
rotations, though this change was not statistically significant. The main contribution of A. mearnsii based SRF in NW Ethiopia
to the C budget is its potential to reduce dependence on natural forest for charcoal and firewood production.

1 | Introduction demand is substantial, and Ethiopia ranks as the second largest

charcoal producer globally, following Brazil, with a production

Unsustainable use of fuelwood and charcoal is a major driver of
forest degradation and loss, and contributes to climate change
(Wassie 2020). An estimated 27%-34% of pantropical fuelwood
extraction is unsustainable, with East Africa one of the hotspots
(Bailis et al. 2015). In Ethiopia, more than 90% of households
rely on fuelwood and charcoal for cooking (Sime et al. 2020;
Yalew 2022). While much of the fuelwood is sourced close to
the homesteads of the users (Dresen et al. 2014), both fuelwood
and, particularly, charcoal are traded in domestic markets. The

of 5.1 million tons of charcoal in 2023 (FAOSTAT 2023). A study
by Alem et al. (2010) estimated that Addis Ababa alone receives
69,000 metric tons of charcoal annually.

Historical accounts suggest that forests once covered approx-
imately 40% of the country and up to 90% of the highlands
(EFAP 1994; Young et al. 2020). By 1950, natural forest cover
had declined to 16% (Thomas and Bekele 2003), and further de-
creased to less than 4% by the 1980s (Hurni 1988). One of the
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major drivers for this deforestation is the illegal production of
charcoal (Teketay 2001). In recent years, the trend of forest cover
loss has been reversed in some parts of Ethiopia, particularly
due to plantation of eucalypts on cropland or grazing land in
short rotation forestry (SRF) (Alemneh et al. 2019).

The use of fast growing SRF species has the potential to con-
tribute to renewable energy production and climate change mit-
igation (Djomo et al. 2013). These production systems can be
regarded as close to carbon (C) neutral if negative trends in wood
biomass and soil organic carbon (SOC) can be avoided. A review
by Don et al. (2012) showed that SRF established on former ara-
ble land in the European Union (EU) sequestered 0.44-0.66 Mg
soil C ha~! y~1. However, other studies have reported mixed re-
sults regarding SOC changes. Walter et al. (2015) found no sig-
nificant SOC changes, while Sabbatini et al. (2016) observed a
decrease in SOC following the conversion of cropland to SRF
for biomass energy production. This pattern of C accumulation
in biomass with limited impact on SOC is also observed in trop-
ical regions (Lewis et al. 2019). In the Democratic Republic of
Congo, SOC initially increased after land use change to Acacia
auriculiformis A. Cunn. ex Benth. plantations but remained un-
changed over successive rotations (Dubiez et al. 2019). SRF, in
general, has been shown to reduce pressure on natural forests
for fuelwood and contribute to mitigate greenhouse gas emis-
sions (Makundi 2001).

A rapid land use change from traditional crop production
to SRF has taken place in the Awi zone of northwest (NW)
Ethiopian highlands. This change is driven by the market de-
mand for charcoal in urban areas (Wondie and Mekuria 2018;
Nigussie et al. 2020). The species cultivated is a wattle tree
native to Australia. While previous studies reported the spe-
cies as green wattle (Acacia decurrens Willd.) (Wondie and
Mekuria 2018; Chanie and Abewa 2021), a recent study has re-
classified it as black wattle (Acacia mearnsii De Wild.) (Agena
et al. 2023). A. mearnsii is a fast-growing, evergreen legumi-
nous tree that can grow up to a height of 11m in 5-6years
in the Ethiopian highlands (Mekonnen et al. 2006). Its fast
growth and adaptability to various environmental conditions
(Midgley and Turnbull 2003) make it a suitable source of bio-
mass for charcoal production.

The conversion of croplands to A. mearnsii based SRF has
significantly changed the land cover in the NW part of the
Ethiopian highland over the past two decades. Several studies
conducted using satellite imagery analysis have reported consid-
erable increases in vegetation cover. Wondie and Mekuria (2018)
reported a 25% increase in forest cover from 1995 to 2015, while
Worku et al. (2021) observed a 16% increase between 2000 and
2017. Watershed-based studies reported even higher increases,
with Belayneh et al. (2020) reporting a 256% increase between
2003 and 2017 and Berihun et al. (2019) reporting a 400% in-
crease between 2012 and 2017.

The rapid land use change from cropland to SRF alters the C dy-
namics of the landscape. Biomass accumulation contributes to C
sequestration, with roots turnover and litterfall eventually con-
tributing to soil C stocks. However, these gains may be offset by
greenhouse gases (GHGs) emissions from charcoal production
and microbial decomposition of organic matter (OM). Therefore,

the overall climate impact of land use change is determined by
the net C balance between sequestration and GHG emissions.

Previous studies on the A. mearnsii afforestation in the Awi
zone of NW Ethiopia have shown considerable variation in the
extent of land use change and often focused solely on afforesta-
tion rates without distinguishing between natural forest and A.
mearnsii plantation. Furthermore, they have not separately esti-
mated the C pools of soil and biomass. To assess the climate im-
pact of the charcoal produced from these plantations, we need a
quantitative estimate of the C stock dynamics in the landscape.
Therefore, in this study, we aimed (1) to quantify the extent of
land use change since the introduction of A. mearnsii based SRF
and (2) to estimate the C sequestration in biomass and soil in
a landscape perspective. Fast-growing woody trees, such as A.
mearnsii, sequester more C in biomass than annual herbaceous
crops like teff (Eragrostis tef (Zucc.) Trotter) (Poorter et al. 2012).
Furthermore, reduced soil disturbance and increased litterfall
and root turnover in tree cultivation systems contribute to in-
creased soil C stocks (Rowe et al. 2016; Georgiadis et al. 2017).
Consequently, we hypothesized that A. mearnsii would signifi-
cantly increase both soil and biomass C stocks compared to the
annual, rain-fed, E. tef cultivation practiced in the area.

2 | Methods
2.1 | Study Area

The study was conducted in the NW highlands of Ethiopia, in
the Fagita Lekoma district (Figure 1). The district is located be-
tween 10°57’-11°11' N and 36°40'-37°05’ E and is characterized
by an undulating, sometimes steep, topography with elevations
ranging from 1800 to 2900 m a.s.1 (Worku et al. 2021). The main
rainy season (meher) lasts from May to October. The annual av-
erage rainfall and temperature of the area is 2110 mm and 18°C,
respectively, for the period between 1997 and 2019 (NMA 2020).
The annual average temperature and rainfall data are provided
in Figure S1. The soils are predominantly Acrisols, character-
ized by a low pH (Regassa et al. 2023).

Historically, land use in the area has been dominated by the
common food crop teff (E. tef ) cultivation, followed by barley
(Hordeum vulgare L.), wheat (Triticum aestivum L.), and po-
tato (Solanum tuberosum L.) (Nigussie et al. 2017). However,
since the introduction of A. mearnsii, farmers have adopted an
agroforestry system with the intercropping of A mearnsii and
annual crops. During the initial year of seedling establish-
ment, A. mearnsii is interplanted with teff. The second year
the farmers harvest grass for fodder from the plantation. From
the third year on, the A. mearnsii stands have reached a crown
cover that prevents intercropping due to shading of the ground.
After 5-6years, the trees are harvested for charcoal production
(Nigussie et al. 2017; Wondie and Mekuria 2018), after which a
new rotation of intercropping with annual crops resumes.

2.2 | Study Approach

A space for time substitution method was used to simulate tem-
poral dynamics associated with the land use change. The fields
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FIGURE1 | Amap of study area, Fagita Lekoma district, with the Amesha watershed delineated by dotted lines.

selected represented a chrono-sequence from cropland through
successive rotations of A. mearnsii plantations, with stand ages
ranging from three to sixyears. This approach aimed to evaluate
the cumulative effects of continuous A. mearnsii cultivation over
time. E. tef cultivation on cropland was the predominant land use
prior to the introduction of A. mearnsii and represented the base-
line condition. These were compared with A. mearnsii fields under
the first, second, and third successive rotations. Additionally,
fields formerly under A. mearnsii cultivation that had been con-
verted back to E.tef cultivation (FAM), as well as natural forest and
open/grazing land, were included. The FAM fields provided in-
sights into the potential future condition of fields currently under
A. mearnsii plantations, should cultivation be discontinued.

2.3 | Sampling Design

Soil and biomass samples were collected within the Amesha wa-
tershed in Fagita Lekoma district in April and May 2022. The
watershed was delineated prior to fieldwork using the Shuttle
Radar Topography Mission's (SRTM) digital elevation model
from www.usgs.gov (USGS 2022) with the Hydrology tool in
ArcGIS 10.7.1. This approach was adopted to fulfill the require-
ments of a simultaneous study within the same research project.
The area of the watershed is 119 km?2.

Sampling fields were selected using a systematic random sam-
pling technique. The delineated watershed was divided into six
subareas to ensure even distribution of soil and biomass sam-
pling. A coordinate in the center of each subarea was marked

as a starting point for field selection. The resulting watershed
map was subsequently uploaded to GPS devices for fieldwork
navigation. Sampling teams started fieldwork by navigating to
the marked center of each subarea. Upon arrival, a transect was
established, and the first encountered field representing one of
the predefined land use categories was selected for sampling.

Soil samples were collected from a total of 96 fields representing 16
land use categories (Figure 2). They included 72 A. mearnsii fields,
stratified by first, second, and third rotations, and stand ages three
to six. Sampling fields corresponding to each stand age and rota-
tion were gathered from the six subareas. Fields representing the
third rotation were only found near the epicenter of the early estab-
lishment of A. mearnsii plantations. As a result, their distribution
is geographically aggregated as they were unavailable in the other
subareas of the watershed. Additional samples were collected from
cropland, open/grazing land, natural forest, and fields from former
A. mearnsii plantations that have been converted back to cropland
(FAM). The number of sampled fields per land use type and their
corresponding definitions are provided in the Table S1.

2.4 | Soil Sampling and Analysis

In the sampling fields, a 10m x 10 m square plot was established,
and soil samples were collected from the four corners and the
center of the plot at two depth intervals: 0-15 and 15-30cm. Soil
samples from the same depth at the five spots were pooled to a
composite sample for each depth. Additional soil cores were col-
lected for bulk density determination at the same depths.
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FIGURE2 | Map of Amesha watershed with drainage networks and
soil sampling locations. CL, cropland; FAM, former Acacia mearnsii
field converted to cropland; GL, grazing land; NF, natural forest; and
first, second, and third, first, second, and third rotation A. mearnsii
plantations. Center indicates the center of each subarea marked as a
starting point for field selection.

The sampled soils were air dried and crushed with a mortar
and subsequently sieved through a 2mm mesh sieve. The
coarse fraction retained on the 2mm sieve was used to calcu-
late the coarse fraction percentage. An additional 1g of soil
was milled into fine powder using a ball mill for stable isotope
analysis.

The C and nitrogen (N) content in the soils were determined
through dry combustion according to ISO 10694 (1995) and ISO
13878 (1998), respectively, using an elemental analyzer (TruMac
CN, Leco Corp, St. Joseph, MI, USA), with a combustion tempera-
ture of 1350°C. Soil bulk density was determined by oven drying
samples at 105°C for 24 h. The bulk density was calculated by di-
viding the dry weight by the volume of the core sampler.

Stable isotope ratios for 13C:12C were determined using an iso-
tope ratio mass spectrometer coupled with an elemental an-
alyzer (EA-IRMS) at the stable isotope laboratory of Swedish
University of Agricultural Sciences (SLU) in Umed, Sweden.
The value of the stable C isotope ratio ('3C/*2C) was expressed
using the standard delta (§) notation (§'3C) in parts per thousand
(%o) relative to the Vienna Pee Dee Belemnite (VPDB) standard;

R
§3C,,, = < sample —1)1000 )

standard
where R is the ratio of 13C/!2C in the sample and standard.

The natural abundance of §'3C was used to quantify the propor-
tion of soil C derived from A. meanrsii, a C3 plant introduced
following land use change, and E. tef, a C4 crop cultivated prior
to the land use change. The proportional contribution of each
source to the soil C pool was calculated using the equations by
Balesdent and Mariotti (1996):

Crew = ( 07Cy = 87C, )100
New — 613CAM _ 513CO (2)

c < 613CN _ 513CO )100 ( )

New — 3
513CAM _ 513CT

where Cy,, =proportion of C derived from A. mearnsii plan-

tation in %, §'*C =isotopic ratio of the soil under A. mearnsii
cultivation, §'*C,=isotopic ratio of the soil under E. tef crop
cultivation, 6'*C, ,, =isotopic ratio of A. mearnsii biomass, and
§'3C. =isotopic ratio of E. tef crop.

The §'3C value of the E. tef crop (—12%.) was obtained from
Krampien (2015), while the §'3C values for A. mearnsii biomass
and the soil samples were determined through laboratory anal-
ysis. Equation (3) corrects for isotopic fractions due to decom-
position (Balesdent and Mariotti 1996). We report results from
both equations to provide a range of potential estimates of soil C
derived from A. mearnsii.

The soil C stock was calculated as:

o SOC;p;Z;(1 - CF;)

, 10 @
! 1000

where CS,=C stock in Mgha™', SOC,=soil organic C (gkg™),
p;=soil bulk density (kgm=), Z=layer thickness (m),
CF,=coarse fraction >2mm at layer i.

Prior to C stock estimation calculation, the bulk density of the
soil was adjusted according to the method specified by Fowler
et al. (2023). The stock in the 0-30cm soil depth interval was de-
termined by summing the stock in the 0-15 and 15-30cm layers.

2.5 | Biomass Sampling and Processing

Biomass samples were collected from A. mearnsii stands aged
three to six in each subarea of the watershed. Plantations
younger than 3years were not present due to the impact of
Uromycladium acacia since the beginning of 2020 (Agena
etal. 2023), which led farmers to discontinue planting new trees.

In each sampling field, a 10 m X 10 m square sampling plot was
established. The total number of trees within the sampling
plot was recorded. Stem diameter at breast height (DBH) and
tree height were measured on 20 representative trees within
the sampling plot. The DBH was measured at 1.3 m above the
ground using digital caliper, and tree height was measured
using a graded bamboo stick. A representative tree, corre-
sponding to the average DBH and height within the plot, was
selected from each plot and destructively sampled. The tree
components were separated into stem, branch, leaf, and root
fractions, and subsamples were collected from each compo-
nent for further analysis in laboratory. Stem samples (wood
and bark) were obtained from disks cut at 20% intervals along
the height of the stem. Representative samples of various sizes
were taken from roots, branches, and leaves. Litter samples
were collected from a set of two 30cm X 30 cm squares placed
along the diagonal of the main 10 m X 10 m square plot. Below
ground biomass (BGB) was determined by excavating sam-
ple trees to 40cm depth, with separate samples taken from
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0-20cm and 20-40cm depths. Collected roots were classified
into three diameter classes: fine (< 2 mm), medium (2-5mm),
and coarse (> 5mm) (FAO 1990).

Fresh weights of each component were measured on site, and
the corresponding dry weights were determined after oven dry-
ing a weighed subsample at 65°C until a constant weight was
achieved. The C content of the litter and biomass components
(stem, branches, fine and coarse roots, and leaves) was ana-
lyzed using an elemental analyzer (TruMac CN, LECO). The
estimated C stocks were then converted into CO, equivalents to
calculate CO, sequestration in both biomass and soil.

2.6 | Allometric Model Fitting for Estimating
Biomass

Several models were tested to predict aboveground biomass
(AGB) using DBH and height as predictor variables. The per-
formance of each model was evaluated using the coefficient of
determination (R?), the root mean square error (RMSE), and
the Akaike information criterion (AIC). Models with the high-
est R? and the lowest RMSE and AIC values were selected as
suitable allometric equations. The goodness of fit was assessed
by plotting the predicted AGB values against the observed val-
ues. The best correlation, with an R? value of 0.89, was ob-
tained with the following linear model:

Ln(AGB) = a + bDBH + cH (5)

where AGB=aboveground biomass (kg), DBH=diameter at
breast height (cm), H=tree height (m), and a, b, and c are model
parameters equal to 0.34, 0.026, and 0.22, respectively.

The BGB is estimated from the AGB using the following lin-
ear model:

BGB =a + bAGB (6)

20 Kilometers
]

where BGB=belowground biomass (kg), AGB=aboveground
biomass (kg), and a and b are model parameters equal to 0.14
and 0.076, respectively.

Biomass data for stands younger than 3years were estimated
using models built from measured data for stands aged
3-6years and existing literature. Plant density for this age
group was estimated from initial planting density and seed-
ling counts per hectare reported by Chanie and Abewa (2021).
Aboveground biomass for 1year old stands was reported by
Mekonnen et al. (2006). Aboveground biomass for 2year
old stands was estimated using a model based on data by
Mekonnen et al. (2006) for stand age one and our measured
data for stands aged 3—-6years. The root biomass of these stand
ages was estimated as a function of above ground biomass.
Litter layer C for stands aged one and two were estimated by
interpolating between litter data for stands aged 3-6years and
assuming zero initial litter at planting. Similarly, soil C stocks
for these stands were estimated using a similar interpolation,
assuming that the average soil C stock at planting (stand aged
zero) was equal to that of cropland, as most land use change
was from cropland to A. mearnsii plantations. The resulting
models and their respective R? values are presented in the
Table S2.

2.7 | Land Cover Classification

The temporal dynamics of land use land cover (LULC) change
were analyzed over a 17-year period from 2005 to 2022 using
Google Earth Pro imagery (version 7.3.6.9345; accessed March
2023). Prior to classification, a 1500 m X 1500 m grid was over-
laid on the Fagita Lekoma district using ArcGIS, resulting in
302 grid intersection points for LULC assessment (Figure 3a).
Land use was classified at four distinct time points: 2005
when A. mearnsii plantations began to emerge in the area,
2014, 2017, and 2022 (Figure 3). Due to incomplete coverage
in 2005, imagery from 2002 was used to fill gaps and ensure
comprehensive land use classification. Imagery from the

FIGURE3 | (a)Grid points generated in ArcGIS for land use change assessment in Fagita Lekoma. Each point was assessed at four different times:
2005, 2014, 2017, and 2022, and the type of land use and stand development at these years was recorded. The percentage of each land use type for each
year was calculated as the number of points under the land use type divided by the total number of points assessed (302). (b) Grid point 519 shows the

land was under cropland cultivation in 2005. (c) By 2014, this same point had been converted to Acacia mearnsii cultivation. (d) The previous planta-

tion was harvested, and the site was replanted with new seedlings in 2017. (e) By 2020, the replanted A. mearnsii had reached a stand age of 3years.
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corresponding years was validated with ground truth data col-
lected during fieldwork. These ground truth data were used
as reference training data for visual land use classification
based on Google Earth Pro imagery. The percentage of each
land use type for the years studied was calculated by dividing
the number of points classified under a specific land use type
in a given year by the total number of points assessed (302).

TABLE 1 | Land use land cover classification studied and their
respective definitions.

LULC

classification Definition

Cropland Fields used to produce annual
crops including fallow areas

Open/grazing Field that is used for grazing, including

land open areas covered with grass that
may or may not have been grazed

Natural forest Natural vegetation areas, consisting
of bushes, shrubs. and woodland,

developed without human interference

Acacia mearnsii Fields covered by stands of

plantations different ages and rotation cycles
of A. mearnsii cultivation
Water bodies Rivers and wetlands

Settlement area Built up areas and roads

Tree lines Defined as linear array of woody
vegetation used to form a field
boundary within agricultural

land or alongside roads

Bare land A barren area with exposed bedrock,
gully formations, and significant

erosion caused by wind or water

FAM Fields that were formerly planted A.
mearnsii but have since been converted
back to cropland or left fallow

Subsequently, the total area for each land use type in each
year was calculated by multiplying the corresponding per-
centage by the total area of the district. The LULC categories
and their corresponding definitions are presented in Table 1.

2.8 | Statistical Analysis

The effect of land use changes on soil C stock was assessed using
a mixed effect model in R using the nlme package (Pinheiro
et al. 2025). Analyses of variance (ANOVA) were applied to ex-
amine the main effects of land use (stand age and rotation cycles
for A. mearnsii), with site and soil depth included as a random
effects. When model assumptions were not met, data were loga-
rithmically transformed. Post hoc comparisons were performed
using the emmeans package in R (Lenth et al. 2025) with Tukey's
adjustment for multiple comparisons. Results are presented as
means * confidence intervals. The confidence interval for ag-
gregated means represents the cumulative uncertainty propa-
gated from individual components. Statistical significance was
evaluated at p=0.05.

3 | Results

3.1 | Land Use and Land Cover Change Between
2005 and 2022

Land use and land cover change between 2005 and 2022 is pre-
sented in Table 2. In 2005, cropland was the dominant land use,
covering 67% of the district area, followed by open/grazing land
at 19%. Other land uses collectively accounted for 14%. By 2014,
both cropland and open/grazing land had decreased, while A.
mearnsii plantations increased from 0.3% to 13% of the total
area. Between 2005 and 2014, 16% of cropland and 9% of open/
grazing land were converted to A. mearnsii plantations.

In the period between 2014 and 2017, A. mearnsii plantation
continued to expand, primarily at the expense of croplands. By
2017, A. mearnsii plantations covered 42% of the total area, while
cropland decreased to 29%. The conversion represented 55% of

TABLE 2 | Land use and land cover in the in Fagita Lekoma in 2005, 2014, 2017, and 2022 by area (ha) and percentage.

2005 2014 2017 2022
LULC Area % Area % Area % Area %
Cropland 45,351 67 37,978 56 19,436 29 17,202 25
Acacia mearnsii 223 0 8712 13 28,372 42 20,776 31
Open/grazing land 12,510 19 11,170 17 9159 14 7372 11
Natural forest 4691 7 4468 7 4245 6 4245 6
Water bodies 894 1 894 1 894 1 894 1
Settlement area 1117 2 1564 2 2010 3 2234 3
Bare land 894 1 894 1 894 1 1117 2
FAM 670 1 12,063 18
Tree lines 1787 3 1787 3 1787 3 1564 2
6 of 17 GCB Bioenergy, 2025
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former cropland and 23% of former open/grazing land since the
2005 baseline (Table 3). Other land use categories experienced
moderate changes during the period.

The period between 2017 and 2022 saw a slowdown in land
use change to A. mearnsii plantations. Only 5% of cropland
from prior periods was converted to new plantations (Table 4).
Furthermore, this period marked a reversal in land use change,
with areas previously under A. mearnsii cultivation reverted to
cropland or left fallow. By 2022, 40% of the land under A. mearn-
sii plantations in 2017 had reversed back to crop production or
was left as fallow (Table 4).

Between 2005 and 2022, the expansion of A. mearnsii planta-
tions resulted in the conversion of over 28,000 ha of cropland to
A. mearnsii plantation, representing 40% of the total area of the

district (Tables 3 and 4). An additional 5000ha of open/grazing
land were also converted to A. mearnsii plantation. The area
covered by A. mearnsii reached its maximum in 2017 and sub-
sequently decreased. Despite the reduction in both cropland and
open/grazing land, no natural forest areas were converted to A.
mearnsii cultivation throughout the study period.

3.2 | Carbon Sequestration in Litter and Standing
Biomass

The total C stock in A. mearnsii biomass and litter layer in-
creased from 20.8+8.35Mgha~! for stands aged three to
98.3+15.2Mgha! for stands aged six (Table 5). AGB accounted
for the largest portion, with BGB accounting for 8.5% of the total
dry matter for stands aged three to six. The average C stock in

TABLE 3 | Land use change matrix for land use class in 2005 and 2017 in the Fagita Lekoma district.

2017
2005 CL OGL NF AM WB ST BL FAM TL Total (2005)
Cropland 19,212 25,021 447 670 45,350
Open/grazing land 223 9159 2904 223 12,510
Natural forest 0 4244 223 223 4691
Acacia mearnsii 223 223
Water bodies 894 894
Settlement 1117 1117
Bare land 894 894
FAM —
Tree lines 1787 1787
Total (2017) 19,436 9159 4244 28,371 894 2011 894 670 1787 67,466

Note: Values are area in ha.

Abbreviations: AM, A. mearnsii; BL, bare land; CL, cropland; NF, natural forest; OGL, open/grazing land; ST, settlement; TL, tree line; WB, waterbodies.

TABLE 4 | Land use change matrix for land use class in 2017 and 2022 in the Fagita Lekoma district.

2022
2017 CL OGL NF AM WB ST BL FAM TL Total
Cropland 17,176 2034 226 19,436
Open/grazing land 7372 1564 223 9159
Natural forest 4244 4244
Acacia mearnsii 16,978 11,393 28,371
Water bodies 894 894
Settlement 2011 2011
Bare land 894 894
FAM 670 670
Tree lines 223 1564 1787
Total 17,176 7372 4244 20,799 894 2237 1117 12,063 1564 67,466
Note: Values are area in ha.
Abbreviations: AM, A. mearnsii; BL, bare land; CL, cropland; NF, natural forest; OGL, open/grazing land; ST, settlement; TL, tree line; WB, waterbodies.
70f 17
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TABLE 5 | Total C stock in standing biomass and litter layer by stand age in Mgha™'.

Total C in biomass

Stand age AGB BGB Total biomass Cstock in biomass Cin Litter layer and litter
3 351+14.6 4.40+1.90 39.5+16.5 19.8+8.24 1.01+0.57 20.8+8.35
4 62.9+24.5 6.20+2.20 69.0+26.7 345+13.4 2.05+0.51 36.6+13.7
5 104 +£30.7 9.40+2.70 113+£33.5 56.7+16.7 2.64+0.97 59.4+16.4
6 175+26.2 15.1+3.30 190+29.2 94.9+14.6 3.36+1.35 98.3+15.2
Mean 94.2+49.5 8.80%x5.20 103+54.4 51.5+27.2 2.26+1.83 53.7+13.6

Note: Values indicate mean + CI.
Abbreviations: AGB, above ground biomass; BGB, below ground biomass.

TABLE 6 | Estimated C in BGB of Acacia mearnsii by size class and soil depth at the typical harvest age in Mgha™'.

Stand age Depth Fine root biomass Coarse root biomass Fine root C Coarse root C

5 0-20 3.11+0.90 3.60+1.04 1.56+0.45 1.80+0.52
20-40 1.34+0.39 1.34+0.39 0.67+0.19 0.67+0.19

6 0-20 4.53+0.98 5.56+1.20 2.27+0.49 2.78+0.60
20-40 2.57+0.56 2.43+0.53 1.28+0.28 1.21+0.26

Mean 0-20 3.82+1.33 4.58+1.59 1.91+0.67 2.29+0.80
20-40 1.95+0.68 1.88+0.65 0.98+0.34 0.94+0.33

Note: Values indicate mean +95% CI. roots (< 5mm diameter) and coarse roots (> 5mm diameter).

biomass and litter layer is 53.7+13.6Mgha~!. The litter layer
represented 4.2% of the average C stock. At a typical harvest age
of 5-6years, fine roots constituted 47% of the BGB, with an es-
timated C stock of 2.89Mg C ha~! (Table 6). The litter layer, at
the same harvest age, has an estimated C stock of 3.00Mg C ha™!
(Table 5). Therefore, the total C potentially retained in the field
from leaflitter and fine roots is estimated to be 1.07Mg C ha=ty~!.

3.3 | Soil C Stock

The mean soil C stock of different LULC classes at two soil
depthsis presented in Figure 4. When combining the soil C stock
for the two depths, the highest soil C stock was observed in soil
under natural forest with 181 + 54.7 Mg C ha~! followed by open/
grazing land and FAM with 142+ 34.4 and 132+42.7Mg C ha™},
respectively. The C stock in the reference land use, cropland,
was 90.8 +51.1 Mg C ha~'. The C stock in A. mearnsii cultivated
soils decreased with subsequent rotation cycles but increased
with stand age within each rotation (Figure 5). The average C
stocks were 116 +28.0,90.8 +18.3, and 81.3+13.1 Mgha~! in the
first, second, and third rotations, respectively.

Statistical analysis revealed significant differences in soil C
stock among the land uses studied. Post hoc comparisons
showed that the soil under natural forest had a significantly
higher soil C stock compared to all other land uses, whereas
the third A. mearnsii rotation exhibited the lowest soil C stock
among all land uses. Comparison between cropland soil and soil
under the three A. mearnsii rotations also revealed that the third
A. mearnsii rotation had significantly lower C stock compared
to the first. However, no significant differences were found be-
tween cropland and any of the A. mearnsii rotations.

The average C stock in the 0-30cm of the first rotation plantation
was 25.2+58.2Mgha~! higher than that of cropland. Subsequent
rotations showed a lower level in C stock relative to the first rota-
tion. The second had 25.2 + 33.5Mg C ha~! lower and the third ro-
tation had a further 9.50 +22.5Mg C ha~! lower stock (Figure 5).
Consequently, the overall change in soil C stock from cropland
to the third rotation cycle represents a net change of—9.46 Mg C
ha=!. The C change was more pronounced in the 15-30cm layer
as compared to the topsoil. The stock change at the anticipated
harvest age of the first and third rotation cycles, stand ages five
and six, showed a decline of 37.7Mgha~! from the first to the
third rotation, that is, over 11years. This corresponds to an av-
erage 3.43Mg C ha™! year™! decrease between the first and the
third rotations.

Soil 6'3C values did not differ significantly between cropland
and A. mearnsii rotation cycles (p=0.31) (Table 7). The analysis
showed the amount of C possibly derived from A. mearnsii bio-
mass decreased with successive rotations. The estimated annual
C derived from A. mearnsii using Equation (2) was 1.99, 1.02, and
0.58 Mg C ha! year™! for the first, second, and third rotations,
respectively, with an average of 1.20Mg C ha~! year™! (Table 7).
The estimates based on Equation (3) were 1.16, 0.59, and 0.34 Mg
C ha! year™! for the respective rotations, with an average of
0.70Mg C ha=ly~1.

3.4 | Landscape C Balance

‘When total biomass and soil C under SRF are summed, and C
stocks for cropland, open/grazing land and natural forest are
assumed to remain constant, the total C stock in the Fagita
Lekoma district increased from 6.77+2.37 Tg in 2005 to
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FIGURE4 | Soil Cstock at 0-15 and 15-30cm depths across different LULC classes. First, second, and third represent the respective rotation cy-
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cles of Acacia mearnsii. CL, Open/GL, and NF refers to cropland, open/grazing land and natural forest, respectively. Values are mean C stock for the
respective depth interval and LULC class and error bars indicate 95% confidence intervals. A. mearnsii rotation values are average C stock for stands
aged 3-6years. Means denoted by a different letter indicate significant differences between the land uses. The mean and CI are presented based on
the orgianl data, whereas the analysis was perfomred on a logarithmic scale. Sample sizes: Cropland (5), first rotation AM (24), second rotation AM
(24), third rotation AM (24), FAM (7), Open/grazing land (6), and Natural forest (6).
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FIGURE 5 | Average soil C stock (Mgha™) as a function of time since land use changed from cropland to Acacia mearnsii plantations. The organge
colored point represents the average C stock of the cropland (CL) soil, serving as the initial reference soil C stock. Green points indicate the mean C stock of
the first-rotation plantations with stand ages ranging from 3 to 6years. Similarly, light blue and purple points represent the second and third rotations, re-
spectively, with stand ages from 3 to 6years. Regression lines for each rotation correspond to the colors of respective rotations. The blue line represents the
overall regression line fitted across all stand ages since the land use conversion to A. mearnsii plantations. Sample sizes: Presented in Table S1; for first, sec-
ond, and third rotations A. mearnsii plantations, each point represents a stand age of 3-6years. Values were calculated as the average of samples per stand.

8.18 £1.59 Tg in 2022 with a net increase of 1.41 Tg (Figures 6 expansion of A. mearnsii plantation, which increased from
and 7). This corresponds to an overall increase of 21% be- less than 1% of the area in 2005 to 42% of the area in 2017. At
tween 2005 and 2022. The increase correlates with the areal the same time, Google Earth Pro imagery revealed that the
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FIGURE 6 | Above- and below-ground C stocks in Fagita Lekoma
from 2005 to 2022 in Tg C. The dotted zero line represents the soil sur-
face. Bars above the dotted line indicate C stock in Acacia mearnsii
biomass, while bars below the dotted line represent C stock in the soil.
The values on the top of the bars represent the total C stock in soil and
biomass for the respective years in the landscape. Note that biomass C
represents only the C sequestered in A. mearnsii biomass. AM, land un-
der A. mearnsii; CL, cropland; FAM, formerly under A. mearnsii planta-
tion but reverted back to cropland; GL, open/grazing land; NF, natural
forest.
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FIGURE 7 | Changes in area under Acacia mearnsii plantation and
the corresponding net change in C stock in Fagita Lekoma between
2005 and 2022. The blue line shows the changes in net C stock in soil
and biomass (left hand y-axis), and the brown line represents the area
under A. mearnsii plantation (right hand y-axis).

forest density in areas under natural forest cover increased be-
tween 2005 and 2022 (Figure 8).

4 | Discussion
4.1 | Land Use Land Cover Change

The predominant LULC change observed during the study
period was the conversion of cropland to SRF with A. mearn-
sii plantations. Based on the analysis of land use change ma-
trix, only 38% of the initial cropland area remained cropland.
Hence, 62% of the original cropland area have had at least

one cycle of A. mearnsii plantation between 2005 and 2022.
The rapid rate of conversion to plantations occurred between
2014 and 2017. This trend is likely attributable to the influ-
ence of early adopters, whose success in the prior period
demonstrated the economic viability of charcoal production
over food crop, thereby triggering a cascade of emulative land
use decisions (Admassie and Ayele 2010). In contrast to the
changes observed in cropland and open/grazing land; the nat-
ural forest areas remained unaffected throughout the study
period. Although the area under natural forest did not in-
crease, signs of recovery were observed, with forest density
increasing compared to the baseline year. This suggests that
A. mearnsii plantations are the primary source of energy for
domestic consumption, potentially mitigating deforestation
pressure on natural forests.

Land use change from cropland to plantation reversed between
2017 and 2022. This reversion coincided with a disease outbreak
that impacted A. mearnsii trees, prompting farmers to revert to
crop cultivation. Informal interviews conducted by the field-
work team revealed that the emergence of the disease coincides
with the onset of the COVID-19 pandemic in 2020. Due to this
temporal correlation and the widespread use of the term “co-
rona” in the media at that time, farmers colloquially referred to
the disease as “corona.” A recent visit by a team of experts iden-
tified the disease as the wattle rust fungus, U. acaciae (Agena
et al. 2023). Despite the reduction in plantation area due to the
disease outbreak, A. mearnsii plantations remained the domi-
nant land use in the district in 2022.

Inconsistencies in previous estimates of LULC change within
the study area have posed challenges to understand the land use
dynamics and quantify the associated C stock implications. The
conventional land classification approaches often struggle to
accurately distinguish between natural forests and plantations
due to spectral overlap (Ordway 2015). The spectral similarity
between natural vegetation and A. mearnsii plantations can con-
found interpretations of land cover change, potentially leading
to bias in area estimation. Therefore, the accuracy of previous
studies (Wondie and Mekuria 2018; Berihun et al. 2019; Belayneh
et al. 2020; Worku et al. 2021) relying solely on remotely sensed
data may warrant further scrutiny, particularly those employed
coarser resolution imagery. Studies using Google Earth imagery
have demonstrated better accuracy for land use classification in
Ethiopia (See et al. 2013; Tilahun and Teferie 2015). This improved
accuracy is likely due to Google Earth Pro imagery's integration
of data from multiple sources, including satellite and aerial pho-
tography (Google 2024). Unlike single sensor satellite data, which
often have coarser spatial resolutions, this approach provides
access to high resolution mosaics (Potere 2008; Google 2024).
Moreover, the use of visual interpretation in Google Earth Pro im-
agery allowed us to overcome the challenge of spectral overlap. It
enables detailed visual interpretation of land cover features that
automated methods often struggle to differentiate, thereby im-
proving classification accuracy.

4.2 | Carbon Stock in A. mearnsii Biomass

There was increased biomass C accumulation with stand age in A.
mearnsii stands, with c. 50% of the total C sequestered in the final
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FIGURE 8 | Google Earth Pro satellite imagery showing temporal increase in natural forest density from 2005 to 2022. The left panels show im-

ages from 2005, while the right panels display the same areas with increased forest density in 2022.

years prior to harvest. A similar study by Mekonnen et al. (2006)
showed a higher accumulation rate (77%) in the final 2 years prior
to harvest (between 40 and 64months of age). This difference
may be explained by differences in soil type and disease inci-
dence reported in our study area (Agena et al. 2023). Mekonnen
et al. (2006) conducted their study under controlled conditions
on more fertile Vertisols, whereas our data were collected from
farmer managed fields established on nutrient poor Acrisols.
These less favorable soil conditions may have contributed to the
lower growth observed. Additionally, Pham et al. (2024) reported
that the disease resulted in stunted growth, leading to overall low
biomass production. Therefore, the lower biomass accumulation
observed in our study is likely attributable to one or a combination
of these limiting factors. Despite this variation, the rapid biomass
accumulation observed in both studies between 5 and 6years of
age explains the practice of harvesting A. mearnsii for charcoal
production within this age range.

The proportion of BGB in A. mearnsii is lower than that observed
in most other tree species (Cairns et al. 1997; Qi et al. 2019). BGB
have been shown to contribute more to SOC than AGB, and root
derived C has a longer residence time in soils (Rasse et al. 2005).
The low BGB observed in this study indicates a limited contri-
bution to SOC through root turnover. Additionally, a signifi-
cant portion of this BGB is removed during harvest as fuelwood
(Chanie and Abewa 2021; Kim et al. 2022), while the AGB is
harvested for charcoal production. The combination of low BGB
litter input and intensive harvesting practices results in reduced
organic inputs to the soil from both sources. As a result, fine
roots remain the primary source of C input to the soil.

Despite biomass removal through harvest, expansion of A.
mearnsii plantations resulted in C sequestration in the standing
biomass. Between 2005 and 2022, a total of 2.63 Tg of C, equiv-
alent to 9.64 Tg of CO,, was sequestered in standing biomass.
This accumulation was largely attributable to a large area under
plantation in 2017 and the dominance of mature trees in 2022,
which contained high C stocks, despite a decrease in plantation
area between 2017 and 2022.

4.3 | Carbon Stock Change in Soil

Contrary to our hypothesis, the conversion of cropland to A.
mearnsii plantation did not result in soil C accumulation. While
first rotation plantations had higher soil C stock than cropland,
successive rotations exhibited declining stocks, likely due to the
export of the whole biomass of A. mearnsii for charcoal and fire-
wood production (Nigussie et al. 2021).

The lack of statistical significance difference in 6'3C signatures
between soil under E. tef cultivation and A. mearnsii planta-
tions also suggests that the C3 A. mearnsii did not contribute
a significant amount of new C to the soil previously cultivated
with the C4 crop teff. However, the strength of this interpreta-
tion is limited by the lack of detailed historical land use data,
and we cannot rely solely on §'3C analysis. To complement
this, we used data on 6N abundance that we presented in
Tiruneh et al. (2025). This allowed us to quantify the N addi-
tions from the N fixing A. mearnsii by estimating the propor-
tion of N derived from N, fixation. The soil §'°N data revealed
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that 26% and 24% of the soil N in the second and third rotation
in the 0-15cm depth, respectively, originated from A. mearn-
sii. Through integration of this information with the soil C:N
ratio, we estimated that A. mearnsii contributed 1.04Mg C
ha=! year~! (Table S3), while the estimate based on §'3C was
0.7-1.2Mg C ha=! yL. These estimates corresponded to the
total C potentially retained in the field from leaf litter and fine
roots turnover (1.07Mg C ha=! y™1).

Despite this, our results showed no net C accumulation in the
soil with successive rotations. Although C stock increased within
each rotation as the stands aged from 3 to 6 years, subsequent ro-
tations had lower initial C stocks compared to the average stock
of the preceding rotation (Figure 5). This apparent contradiction
may be attributed to the methodological challenges of excluding
fine roots from soil samples (Kuzyakov et al. 2001). Although
the soil samples were sieved through a 2 mm sieve prior to anal-
ysis, the possibility for some fine root biomass to remain and
influence the results cannot be dismissed. Our results showed
that 66% of fine roots were found in the 0-20 cm layer (Table 6),
while Ceconi et al. (2008) reported an even higher proportion
(86%). This high fine root density in the topsoil makes it likely
that some fine root biomass was included in the soil samples,
potentially resulting in an overestimation of soil C. The §3C
and 8N analysis, which indicated a limited overall contribu-
tion of C but a higher proportion of A. mearnsii derived C in the
0-15cm soil layer, supports the possibility of fine root inclusion.
Therefore, the increase in C stocks within rotations likely re-
flects root biomass accumulation, whereas the decline over suc-
cessive rotations indicates a genuine loss of stabilized SOC. Our
argument is supported by the close correspondence between the
amount of C potentially retained in the field and the estimates
derived from §'3C and 6'°N analysis. This indicates that the iso-
topically detected C is largely derived from root biomass rather
than SOC. Thus, the soil C stocks, particularly in older stands
with denser root systems, may be overestimated.

In addition to methodological factors, whole biomass harvest
that results in low C input and the high litter quality of A.
mearnsii (Xiang and Bauhus 2007), which increases the de-
composition rate of legacy OM, may have played a significant
role. Whole biomass harvest with repeated harvest cycles, re-
moves essential plant nutrients, potentially leading to nutrient
limitations in the soil (Dovey 2012). Studies show that nutrient
limited plants secrete extracellular enzymes and organic com-
pounds to enhance acquisition of phosphorus (P), sulfur (S),
and other micronutrients (Dakora and Phillips 2002; Fujii and
Hayakawa 2021). While this adaptive strategy allows plants to
acquire essential nutrients, it leads to C loss through increased
OM mineralization. We observed a higher BGB to AGB ratio
in younger stands (Table 5), which suggests a prioritization of
below ground growth during early developmental stages to en-
hance nutrient acquisition. This may also involve an increase
in the production of root exudates and enzymes to obtain nu-
trients from organic sources. Our calculations demonstrated
correspondence between the amount of P and S potentially
mineralized from annual C mineralization (3.43Mg C ha~!y~1)
and the observed nutrient budget deficit for P and S in the A.
mearnsii cultivation system (Tiruneh et al. 2025). This indi-
cates that A. mearnsii cultivation may benefit from mining OM
to mobilize P and S to support its growth.

Previous studies have shown that afforestation of former crop-
land can result in both an increase and a decrease of soil C stock,
depending on the tree species and the climatic conditions of the
area. Paul et al. (2002) suggested that the establishment of de-
ciduous hardwoods or N-fixing species on cropland in tropical
or subtropical regions leads to accumulation of soil C. However,
litter quality from N fixing species, characterized by low C:N and
C:P ratios, could potentially result in C loss (Manzoni et al. 2010;
Mao et al. 2018). Studies by Chang et al. (2014) and reviews by
Li et al. (2012) and Paul et al. (2002) indicate that soil C stock
initially declines after afforestation of former croplands before a
gradual return to the pre-afforestation level and subsequent in-
crease. In this study, although the trend was weak (p=0.2), we
observed a decline in soil C stock with successive A. mearnsii ro-
tations. It is possible that the soil C stock is still in a transitional
phase, where steady-state and the subsequent accumulation pe-
riod discussed by Li et al. (2012), Paul et al. (2002), and Chang
et al. (2014) may not yet have been reached.

Soil under natural forest and open/grazing land had higher C
stock exceeding both cropland and A. mearnsii plantations. This
finding is consistent with previous research showing that un-
disturbed natural ecosystems have higher C stock (Poeplau and
Don 2013; Assefa et al. 2017). FAM soils also had higher C stock
compared to cropland and A. mearnssii plantation. However,
given that A. mearnsii cultivation did not lead to an increase in
soil C stock, the higher C stock observed in FAM soils cannot be
attributed to the previous presence of A. mearnsii. This suggests
that farmers may have prioritized reverting the field to cropland
rather than maintaining it under A. mearnsii plantation, possi-
bly because the soil has better agricultural productivity. This in-
terpretation is supported by the observation that majority of the
FAM fields had undergone only a single rotation. These fields
were also not subject to SOC depletion associated with repeated
harvest cycles. While the LULC change analysis showed that
the natural forest area remained unaffected by SRF expansion,
open/grazing land was the second most converted land use type
to SRF after cropland during the study period.

Our finding differs from studies in the same area by Kim
et al. (2022) and Amare et al. (2022), who reported a substan-
tial increase in soil C stocks with A. mearnsii cultivation. Kim
et al. (2022) observed an annual increase of 21Mg C ha=! y1,
while Amare et al. (2022) reported an average increase of 40% in
SOM after 4years under plantation. Kim et al. (2022) analyzed
soil samples collected from mature stands at harvest, while
Amare et al. (2022) analyzed soil samples collected from stands
ranging from newly planted to mature stands ready for harvest.
These different sampling approaches limit the ability to analyze
temporal C stock development within and across rotations. Kim
et al. (2022) focused on mature stands, thereby missing C stock
development with stand age, while Amare et al. (2022) missed
evaluating long-term trends across successive rotations. Both
studies, however, reported higher C stocks in mature stands
compared to cropland. This is consistent with our result where
all the mature stands in each rotation had higher C stock com-
pared to cropland (Figure 5). However, given that they observed
significant differences in mature stands but not in younger
stands, we believe their results may also have been affected by
the presence of fine roots in the soil samples. Furthermore, the
high C sequestration rate of 21 Mg C ha~! year™! in soil under A.
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mearnsii cultivation reported by Kim et al. (2022) appears to be
an overestimation. This value exceeds the average annual bio-
mass C sequestered over a 6-year period in our study (16.4 Mg
C ha~!y™1) (Table 5). Moreover, the finding by Kim et al. (2022)
of a significant increase in soil C to a depth of 1 m appears un-
likely, given the shallow root system of A. mearnsii observed in
this study and corroborated by others. It is unlikely that such a
substantial change in C stock to 1 m depth could appear within a
three rotations period (12-16 years).

4.4 | Carbon Balance in a Landscape Perspective

Despite the observed average decrease in soil C stock with suc-
cessive rotations, the large amount of C sequestered in biomass
offsets the possible loss in the soil. The combined analysis of
soil and biomass C stock in the Fagita Lekoma district indicated
that there was an overall increase in C stock in the landscape.
The increase corresponds to 5.17 Mt of CO, equivalent, trans-
lating to an annual CO, sequestration rate of 0.30 Mt. Although
the district accounts for only 0.06% of the total land area of
Ethiopia (UN 2024), its average annual CO, sink represented
2.3% of Ethiopia’s total annual fossil fuel emissions for the year
2021(IEA 2022).

Our estimation of C stock changes did not account for the po-
tential increase resulting from natural forest regeneration. The
expansion of A. mearnsii plantations has contributed to natural
forest conservation. A review of temporal imagery from Google
Earth Pro showed a corresponding increase in forest density
with the expansion of plantations. This suggests that the net in-
crease in C stock in the district may be higher than estimated,
considering the positive impact of the plantations on natural for-
est regeneration.

The main contribution of A. mearnsii based SRF in Fagita
Lekoma to the C dynamics is its role in reducing reliance on nat-
ural forest resources for charcoal and firewood production. With
biomass based energy constituting over 90% of household cook-
ing energy source (Sime et al. 2020; Yalew 2022), the landscape’s
role as a C sink is expected to remain significant if cultivation
continues to expand into new areas. However, long-term pro-
ductivity of the production system depends on implementation
of sustainable management practices (Tiruneh et al. 2025).

To the best of our knowledge, this study represents the first com-
prehensive landscape level analysis of C dynamics of A. mearnsii
plantations in Ethiopia. Previous studies have primarily focused
on field-scale comparisons of C stocks in cropland soils and those
under A. mearnsii cultivation. However, while these field level
studies offer valuable insights into localized C dynamics, they do
not consider the spatial distribution of land use types or the tem-
poral changes in land use patterns. Consequently, extrapolating
findings from such studies to the landscape scale may result in
under- or overestimations of C stock changes. We addressed this
challenge by adopting a landscape level approach that integrates
multiple land use types and temporal land use and land cover
change over a 17-year period. This enabled us to assess not only the
difference between specific land uses but also the broader impacts
of land use change on C stock dynamics in the landscape.

5 | Conclusions

This study examined the impact of land use change from crop-
land to A. mearnsii based SRF on C stock dynamics. Land use
and land cover change analysis showed a substantial change be-
tween 2005 and 2022, primarily from cropland to SRF. By 2017,
A. mearnsii cultivation reached its peak, covering 42% of the
area, while cropland decreased from 67% in 2005 to 25% in 2022.
However, a reversal of this trend occurred after 2017, with 40%
of former A. mearnsii planted areas reverted to cropland or left
fallow, coinciding with a disease outbreak.

Conversion of cropland to A. mearnsii plantations did not lead to
soil C accumulation. Although the initial conversion resulted in
a modest increase in soil C stock, subsequent rotations showed
a decline. However, these observed differences were not statis-
tically significant, and C sequestered in biomass offsets the po-
tential C losses in soil.

The landscape level analysis revealed an overall increase in C
stock, driven by biomass C accumulation. The annual CO, seques-
tration rate of the A. mearnsii based SRF system in Fagita Lekoma
represented 2.3% of Ethiopia’s fossil fuel emission for the year 2021.
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