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Abstract

In rural Ethiopia, the cultivation and establishment of Eucalyptus trees in the form

of woodlots have become common practices among farmers. However, there is
insufficient information on the extent of Eucalyptus woodlot resources and their
carbon stock potential. This study aimed to estimate the resource base and carbon
stock of Eucalyptus woodlots. The study area was stratified into midland and
highland agroecological zones, and six Kebeles were purposively selected from

each zone. An inventory of Eucalyptus woodlots was conducted using 54 randomly
selected plots (10 mx 10 m) to assess biomass carbon and soil organic carbon (SOC).
The resource base was estimated using Sentinel-2 imagery. Data were analyzed using
an independent samples t-test in SPSS. The results revealed a statistically significant
difference (p <0.05) in biomass and soil carbon between the agroecological zones.
The highland agroecology exhibited higher mean values for aboveground biomass
carbon (AGC: 18.37 Mg C ha™"), belowground biomass carbon (BGC: 4.7 Mg C

ha™'), and SOC (63.68 Mg C ha™') compared to the midland agroecology, which
recorded 16.52 Mg C ha™!, 42 Mg C ha~', and 60.37 Mg C ha™', respectively. The
classified imagery showed that Eucalyptus woodlots cover 3116.73 ha, accounting
for 3.33% of Borena Woreda. This study concludes that Eucalyptus woodlots have
significant carbon sequestration potential and recommends further research on their
management practices.
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1 Introduction
Small-scale agroforestry practices are gaining increasing significance within conven-
tional farming systems. For instance, the integration of Eucalyptus woodlots into agri-
cultural land has demonstrated the potential to enhance both household consumption
and income levels sustainably, thereby improving the livelihoods of smallholder farm-
ers [1]. As government-managed plantation forests face declining wood supplies, small-
holder farm woodlots are emerging as a critical alternative source of timber [2].

In rural Ethiopia, the cultivation of Eucalyptus trees in the form of woodlots has

become a widespread practice among smallholder farmers. These woodlots now
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constitute a key component of rural livelihood strategies, serving both household wood
consumption needs and income generation [3]. Farmers predominantly favor Eucalyp-
tus over other tree species due to its rapid growth rate, high annual yield per unit area,
strong coppicing ability, low maintenance requirements, resistance to animal browsing,
high market demand at competitive prices, and adaptability to diverse ecological condi-
tions [4]. Additionally, Eucalyptus woodlots offer supplementary income opportunities
through the sale of leaves and bark [5].

Eucalyptus woodlots play a transformative role in enhancing rural livelihoods, offer-
ing socioeconomic benefits that surpass those of other tree species in many regions of
Ethiopia. As a versatile resource, Eucalyptus serves as a critical input for industries, farm
implements, and transmission poles, while also functioning as a safety net during peri-
ods of food insecurity for smallholder farmers. Notably, small-scale farmers increasingly
rely on Eucalyptus globulus (white eucalyptus) woodlots as a dependable source of cash
income. This trend has led to the gradual conversion of croplands into Eucalyptus plan-
tations, reflecting its growing economic importance in agrarian [6].

The establishment of Eucalyptus woodlots is influenced by a range of interrelated fac-
tors that shape smallholder farmers' planting decisions. These factors can be broadly
categorized into demographic, socioeconomic, agroecological, and institutional policy
dimensions. For example, demographic variables such as farmer age (which may have
either a positive or negative effect) and educational attainment (typically a positive influ-
ence) play a significant role in adoption decisions. Similarly, socioeconomic factors
including household size, income levels, and landholding size have been shown to sub-
stantially influence farmers' propensity to cultivate Eucalyptus [5, 7, 8].

Beyond provisioning and supporting roles, trees in agroecosystems provide vital
regulating services, particularly carbon sequestration across multiple pools. Woodlot
trees act as significant carbon sinks, storing carbon in above- and belowground bio-
mass while enhancing soil organic carbon [9]. Sequestration rates vary with geographic
region, system type, species composition, stand age, altitude, agroecological conditions,
and land-use history [10]. In Ethiopia, highland and midland agroecology’s differ mark-
edly in climate, soil properties, and agricultural systems. Highlands exhibit moderate
year-round temperatures with distinct wet and dry seasons, whereas midlands feature
a climate with higher mean temperatures. Pedologically, highlands are typified by well-
drained soils, contrasting with the clay-dominated Verti soils of midlands. These dif-
ferences directly influence biomass and soil carbon stocks. Such integrated approaches
offer cost-effective synergies for food security, climate adaptation, and mitigation [11].

As an agroforestry practice, Eucalyptus woodlot plantations have expanded rap-
idly across Ethiopia, occupying productive farmlands, grazing areas, homesteads, farm
boundaries, and communal lands [12]. These woodlots serve as a critical source of
woody biomass, contribute to soil and water conservation, and help mitigate deforesta-
tion and land degradation [13]. However, their establishment often replaces agricultural
systems without institutional support, raising concerns about land-use trade-offs [8].
Historical evidence from community surveys in the late 1990s revealed persistent insti-
tutional barriers in decision-making authority over the establishment and harvesting of
Eucalyptus woodlots, despite their localized adoption [13].

At the household level, Eucalyptus woodlots have become a widespread livelihood
strategy, addressing both domestic wood demand and income generation for smallholder
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farmers. Yet, significant gaps remain in quantifying their spatial extent, and their carbon
sequestration potential. Variations in carbon storage capacity affected by species, geog-
raphy, and structural composition further complicate assessments [14, 15].

Woodlot systems offer measurable climate benefits, including soil carbon sequestra-
tion, enhanced aboveground biomass, and reduced CO, emissions, positioning them as
a viable strategy for agricultural climate mitigation [16]. However, smallholder decisions
to adopt Eucalyptus are influenced by socioeconomic and demographic factors (e.g., age,
education, landholding size, and market access), though empirical data on household
motivations and market price determinants remain scarce [3, 8].

Understanding the potential of a eucalyptus woodlot for carbon stock potential is
important for better management of economic return and environmental aspects yet
[8] and there is a paucity of empirical data regarding this [3]. Despite their ecological
and economic relevance, comprehensive data on Eucalyptus woodlot distribution and
carbon stocks are lacking. This study addresses these gaps by (1) estimating the spa-
tial distribution (area coverage) and biomass (above- and belowground) of Eucalyptus
woodlots and (2) evaluating their carbon storage potential to inform sustainable man-
agement practices.

2 Materials and methods

2.1 Description of the study area

This study was conducted in Borena District, located in the North-central highlands of
Ethiopia within South Wollo Zone of Amhara Regional State (Fig. 1) (10°34'-10°53'N,
38°28'-38°54'E) [17]. The district covers 937 km? with a population of 158,920 and fea-
tures diverse topography ranging from 1000 to 4000 m above sea level, comprising
four agro-climatic zones: Kolla (500—-1500 masl), Weyna Dega (1500—-2300 masl), Dega
(2300-3200 masl), and Wurch (3200-3700 masl) [18, 19]. The terrain transitions from
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Fig. 1 Location Map of Borena District, Amhara Region, South Wollo (Study Area)
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steep mountainous slopes in upstream areas to gentler undulating topography down-
stream [20].

The highest rainfall happens in summer, which starts in June and ends in September.
There is a short rainy season in spring, from March to May [19]. The mean annual tem-
perature of the region varies from 14 °C to 19 °C. The maximum temperature occurs
from March to May and the minimum temperature happens in December, July, and
August. The upper northwestern part of Woreda is known for its minimum temperature
and is categorized under the Wurch climatic zone. The southwestern part of Woreda has
the highest temperature, with the Kolla climatic condition [18]. Black or brown loam
and sandy loam texture soils are the main characteristics of the district.

2.2 Sampling procedures and data collection

2.2.1 Sample size selection

Borena woreda was selected purposively by considering the presence of woodlots. The
study employed a stratified sampling approach to partition the district according to its
distinct agroecological zones [21, 22]. In Ethiopia, highland and midland agroecology’s
differ markedly in climate, soil properties, and agricultural systems. Highlands exhibit
moderate year-round temperatures with distinct wet and dry seasons, whereas midlands
feature a climate with higher mean temperatures. Pedologically, highlands are typified
by well-drained soils, contrasting with the clay-dominated Verti soils of midlands. These
differences directly influence biomass and soil carbon stocks. From each zone (encom-
passing both midland and highland areas), kebeles were selected through purposive sam-
pling based on the presence of Eucalyptus woodlots [23]. From lists of woodlot growers
provided by local agricultural offices, we randomly selected 7% of households in each
Kebele for this study.

For resource base assessment, we utilized high-resolution multispectral imagery from
Sentinel-2's Multispectral Instrument (MSI) [24], was utilized to map and quantify Euca-
lyptus woodlot distribution alongside other land use types. The images with <10% cloud
cover during dry seasons of February were used to reduce the cloud impact. Field-col-
lected ground truth data, comprising precisely georeferenced training points acquired
via GPS devices, served to validate the satellite imagery classification. Training and vali-
dation of the SVM classifier followed a 70:30 split, with the majority of ground refer-
ence data (70%) used for model training and the minority (30%) allocated for accuracy
assessment. The selected image was atmospherically corrected and the image analysis
employed Support Vector Machine (SVM) algorithms [25] to ensure accurate land cover

classification. Classification accuracy was rigorously assessed through an error matrix.

2.2.2 Tree biomass carbon estimation

The study employed simple random sampling [26] to establish sample plots for above-
and below-ground carbon stock estimation. To locate the sample plots to collect data
for estimating above and below-ground carbon stock. A total of 54 plots were taken.
The plot size was 10 x 10 m for inventory data for woodlot agroforestry to estimate the
above-ground biomass of the standing trees [27]. At each plot, all trees with a diameter
at breast height (DBH)>5 cm were measured using a caliper, while tree heights were
recorded using a hypsometer [28]. The DBH measurement approach was selected as it
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represents a cost-effective, non-destructive method particularly suitable for carbon esti-
mation studies under budget constraints [29].

Above-ground biomass (AGB) and below-ground biomass (BGB) were estimated using
the general allometric equations of [30], which were developed for AF species of Kenya.
Tree biomass was converted to Carbon by multiplying the above-ground biomass by 0.5
[29]. After having the above-ground biomass, the carbon stock was calculated assuming
it constitutes 50% of the total AGB [31-33].

AGB = 0.085 x DBH?*4™ (1)

Measuring the below-ground living biomass is difficult and complex [34] and it is
commonly derived from the aboveground living tree biomass using the root-to-shoot
ratio [35]. Depending on the nature of the plant and ecological conditions, the below-
ground living biomass ranges from 25 to 40% [36] of above-ground living tree biomass
[37] also, estimate 26% of AGB.

BGB = AGBx0.26 )

Composite soil samples were taken by X pattern from the main plot (10 x 10 m) one at
the center and four at the corners. Soil samples were taken from 0 to 15 cm and 15 to
30 c¢m soil depth from each sample plot using an auger to determine soil organic carbon
[38]. A core sampler was used to collect soil samples for bulk density determination. Soil
Carbon stock=% C * BD * Depth, where, C expressed in Mg ha™ for a given depth, %
C=% Concentration of C in soil measured for each soil depth, BD =Bulk density, Mg
m~3 for each soil depth, Depth = Sampling depth.

2.3 Data analysis

The collected field data were arranged and noted in the Microsoft Excel 2013 datasheet.
Data were subjected to a normality test and equality of variance, before conducting para-
metric statistical analysis. In this study, agroecology was the independent variable while
biomass and soil organic carbon were considered as dependent variables. Biomass and
soil organic carbon data were compared by using an independent-sample t-test with the
help of the SPSS software and results were considered significant at p <0.05 level of con-
fidence. For resource base estimation Image Classification was done by using Support
Vector Machine algorithms with the help of ArcMap10.8.

3 Result and discussion

3.1 Biomass carbon stock

There were notable differences in the carbon stock between agroecology (Table 1). In
midland to highland agroecology, there was a significant (p<0.05) increase in both

Table 1 Biomass C stocks (Mg ha™') of Eucalyptus woodlot (mean + standard deviation) between
agroecology

Agroecology AGB BGB TB AGC BGC
Midland (3441+3.03)° (88+0.78)° (43.21+3.74)° (16.52+1.45)? (4.2+037)7
Highland (38.28+5.57)° (9.95+145)° (48.23+7.02)° (1837+267)° (4.7+0.69)°
T-value 3.224 3682 3335 3224 3.682
P-value 0.002 0.001 0.002 0.002 0.001

A similar letter in columns shows no significant difference and different letters indicate significant differences between
agroecology at p<0.05
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above- and below-ground biomass stocks (Table 1). In this study, highland agroecology
showed a greater mean of AGB and BGB stock than midland agroecology. For midland
agroecology, the estimated aboveground and belowground biomass stocks were 34.41
and 8.8 Mg ha 7}, and 38.28 and 9.95 Mg ha ~/, respectively, for highland agroecology.

The total biomass (TB) stocks were higher in highland agroecology (48.23 Mg ha™)
and lowest in midland agroecology (43.21 Mg ha™! (Table 1). The highland agroecol-
ogy accounted for 52.75% of the total biomass (TB) stocks in the study area, compared
to 47.25% in the midland agroecology (Table 1). This distribution was similarly reflected
in individual carbon pools: the highland agroecology accounted 52.66% of the total
aboveground biomass (AGB) stocks (midland: 47.34%) and 53.06% of the belowground
biomass (BGB) stocks (midland: 46.94%). These results demonstrate a consistent pattern
of slightly higher carbon storage in the highland agroecology across all measured com-
ponents. Total aboveground biomass stock ranged from 25.4 to 49.16 Mg ha™! in the
study area. While Eucalyptus woodlot's total belowground biomass stock ranged from
6.7 to 12.78 Mg ha™.

Biomass carbon varied significantly (p <0.05) between agroecology. In this Eucalyptus
woodlot, the highest values of TB, AGB, and BGB stock in the highland agroecology are
associated with high stand density, or the number of individuals per hectare, and related
structural factors, including basal area, height, diameter, and crown cover. The quality of
planting stock and rotation period, as well as the size, density, age, mean annual incre-
ment, and management practices of the woodlot, are other factors that influence the
storage of biomass carbon in eucalyptus woodlots.

Furthermore, climate variables (temperature and precipitation), soil management
practices, and the type of management that producers employed may all be contribut-
ing factors to the difference. The findings demonstrate that biomass carbon is mostly
dependent on agroecology, which is influenced by environmental and socioeconomic
factors of the Eucalyptus woodlot system in place. As the AGB rises with increasing tree
diameter and height, it is dependent upon the height and diameter of a species. The rela-
tionship between diameter and height is also related to the type of species, soil charac-
teristics, climate parameters, and agroecology [39]. AGB increases with BGB in the
Eucalyptus woodlot in the research area because the BGB of a species is determined by
AGB. As altitude rises, the AGB of eucalyptus woodlot grows, due to a higher number
of individuals per hectare, greater mean height and diameter were recorded in highland
agroecology in our study area.

Research has indicated that there are differences in the quantity of carbon stored in
agroforestry systems and agroecology [40]. The mean total biomass stock of Eucalyptus
woodlot was within the range reported for the tropical African AF systems (12-228 t
ha™') [41, 42]) and West Africa Sahel (0.7-54 t ha™!) [43]. Moreover, this finding showed
that the mean biomass stock of woodlot in Borena is greater than that of Gubalafto
(23.9 Mg ha™!), Gozamen (23.6 Mg ha™!), and Jabitehnan (14.6 Mg ha™!) woodlot AF sys-
tem in Amhara region [44], similarly our study area has greater biomass stock compared
to woodlots in Gurage zone (4.74 Mg ha™1), Ethiopia [39], and woodlot of Gergera water-
shed in eastern Tigray (11.47 Mg ha™?), Ethiopia [45].

However, our study area has lower biomass stock compared to the Gununo Watershed
woodlot (133.09 Mg ha™?!), Wolayitta Zone, Ethiopia [46]. This variation results from dif-
ferences in tree density, age, site features, type of management, and biomass estimating



Tadesse et al. Discover Forests (2025) 1:35 Page 7 of 11

model use. A higher number of stems per hectare, height, and diameter was also respon-
sible for the higher biomass carbon stock in our study's woodlot AF practice at high-
land agroecology. This study line with [47], stated that biomass carbon increases with
increasing altitude in different agroforestry practices in central Ethiopia, and home gar-
den agroforestry of southwestern Ethiopia [48].

On the other hand, our result contradicts other findings reported by [49], who
reported that the aboveground biomass of carbon stock decreased with increasing alti-
tude also similarly another study reported that the inverse relationship between biomass
carbon and altitude [50].

3.2 Soil organic carbon stock

Significant variations were observed in the mean SOC stocks of the Eucalyptus woodlot
between agroecology (t=4.61, p<0.05). In highland agroecology, the mean SOC stores
were larger (63.68 Mg C ha -'), while in midland agroecology, they were lower (60.37 Mg
C ha 1) (Table 2). The top layer (0—15 cm) accounted for 51.32% of the total SOC in
midland agroecology and 51.48% of the total SOC in highland agroecology also the
lower layer (15-30 c¢cm) accounted for 48.68% and 48.52% in the midland and highland
agroecology respectively. The SOC stocks in the Eucalyptus woodlot of the study sites
ranged between 54.67 and 68.65 Mg C ha -1, with highland agroecology having a greater
SOC stock by 51.33% in the study area compared to midland agroecology's 48.67%.

This study's results are in line with the range of 53—83 Mg C ha ~! reported in wood-
lots of Gurage zone, Ethiopia (39) and in the study that was reported in African savan-
nahs and woodland, the range of SOC was of 30-140 Mg C ha ~! [51] also this study line
with the specified range reported in woodlot agroforestry systems in northern Ethiopia
(65.79-128.11 Mg C ha ) [52].

The mean SOC stock of Eucalyptus woodlot in the study area was 62.025 Mg C ha
! and in our study area, SOC was higher as compared to results reported in woodlot
Agroforestry Practices in Gununo Watershed, Wolayitta Zone, Ethiopia stores 48.57 Mg
C ha ™! [46] also high as compared to results estimated to be 43 Mg C ha™"! for semi-arid
woodland in southern Ethiopia [53].

However, the mean SOC in this study was lower as compared to results reported in
the Gurage zone, Ethiopia woodlot (68 Mg C ha ) [39] and northern Ethiopia [52],
reported 96.95 Mg C ha -! in woodlot agroforestry practice. This variation might be
caused by changes in soil properties (physical, chemical, texture, fertility, and biological
conditions), stand variables (age, species type, composition, and density), agroecologi-
cal conditions (wind, temperature, precipitation, altitude, and climate), and management
practices (fertilization, tillage, land holding size, and harvesting mechanisms) [54, 55].

Table 2 SOC stocks of depth 0-30 cm (Mg C ha™) of Eucalyptus woodlot (mean + standard
deviation) between agroecology

Agroecology SOCO0-15cm SOC15-30cm SOC0-30cm
Midland (3097 £1.17)* (29.39+2.09)* (60.37 +3.08)°
Highland (32.78+0.94)° (30.9+1.16)° (6368+1.98)°
T-value 6.278 3.182 461

P-value 0.000 0.003 0.000

A similar letter in columns shows no significant difference and different letters indicate significant differences between
agroecology at p<0.05
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Fig. 2 Land use land cover map

The overall trend of total means SOC stock in the study area increased from mid-
land to highland agroecology (Table 2). This is probably because of the higher elevation,
which results in reduced mineralization rates (lower temperature) and also the higher
precipitation of the highland agroecology of this Eucalyptus woodlot.

Numerous studies revealed that soil carbon stocks have a direct relationship with
increasing elevation [48] and the inverse relationship between carbon stocks and tem-
perature in successional vegetation in Ethiopia, so greater carbon stocks at the cooler
upper altitudes [53]. In addition, because of slower mineralization rates, soils in colder
areas typically contain higher levels of organic matter. Furthermore, the accumulation of
soil organic matter (SOM) rises with increased precipitation [56].

Our findings also agree with a recent worldwide meta-analysis that indicates 71%
of the variation in soil C can be attributed to elevation [57]. Similarly, other authors
reported increasing SOC stocks with increasing elevation in home gardens and parkland
agroforestry in southern and northern Ethiopia respectively [48], and [58]. This study's
findings, however, were in contrast to those of another, which found that SOC decreased
as the elevation gradient increased (e.g. [59].

3.3 Farmer's Eucalyptus woodlot resource in Borena Woreda

The classified image showed that the smallholder Eucalyptus woodlot resource base in
Borena Woreda was 3116.73ha of the total land area of the study sites. The smallholder
Eucalyptus woodlot area covers 3.33% of the total area (Fig. 2).

4 Conclusion

This study demonstrates that smallholder Eucalyptus woodlots in Borena Woreda serve
as significant carbon sinks, storing substantial amounts of carbon in both biomass and
soil. Our findings reveal three key patterns: First, agroecological variation significantly
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(p<0.05) influences carbon storage, with highland areas exhibiting greater total biomass
carbon stocks (48.23 Mg C ha™') compared to midland areas (43.21 Mg C ha™). Second,
soil organic carbon (SOC) stocks followed a similar pattern, with highland woodlots
storing 63.68 Mg C ha™! versus 60.37 Mg C ha™ in midland areas. Third, remote sensing
analysis identified 3116.73 ha (3.33% of total land area) under Eucalyptus woodlot culti-
vation, confirming their widespread adoption by rural communities.

These results suggest two important recommendations: (1) Future research should
investigate how management practices differentially affect carbon stocks across agro-
ecologies, and (2) Farmers could enhance both economic benefits and carbon sequestra-
tion by integrating high-value tree species with existing Eucalyptus woodlots. This dual
approach would simultaneously support climate change mitigation and poverty allevia-
tion efforts in the region.

Author contributions

Ali Tadesse was responsible for data collection, data organization, and drafting the initial manuscript. Seid Muhie
provided supervision and contributed to revising the manuscript. Semaigzer Ayalew participated in data collection and
contributed to drafting the initial manuscript.

Funding
No fund is available for this study.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding author on
reasonable request.

Declarations

Competing interest
There are no competing interests.

Received: 23 April 2025 / Accepted: 9 September 2025
Published online: 16 September 2025

References

1. Wekesa L, Mwalewa S, Muema K, Muthini J, Mukirae P Menya C, et al. An economic assessment of woodlots for small-
holder farms in the coast region of Kenya an economic assessment of woodlots for smallholder farms in the coast region
of Kenya. East Afr Agric Forestry J. 2019;83(1):1-12. https://doi.org/10.1080/00128325.2018.1532694.

2. Singunda WT. Economic contribution of private woodlots to the economy of Mufindi district Tanzania. Diss. Sokoine Uni-
versity of Agriculture, 2009. http://hdl.handle.net/123456789/91937.

3. Dessie B, Abtew A, Alemu KA, Dagnew A. Determinants of the production and commercial values of Eucalyptus wood-
lot products in Wogera District, Northern Ethiopia. Environ Syst Res. 2019;8:1-10. https://doi.org/10.1186/s40068-019-013
2-6.

4. Alemayehu LD. Financial analysis of agroforestry land uses and its implications for smallholder farmers livelihood improve-
ment in Ethiopia. Agrofor Syst. 2013;87(1):217-31. https://doi.org/10.1007/510457-012-9537-1.

5. Edesa DY. Economic contribution of Eucalyptus globulus to the livelihoods of local communities in Chelia District Oromia
Ethiopia. Eur Bus Manag. 2021,7(6):159-67.

6.  Kebede TA. Factors affecting local farmers adoption of Eucalyptus woodlot in Jamma dis-
trict, South Wollo Zone, Amhara regional state of Ethiopia. 2021,7838(January):251-256. https://doi.org/10.36713/epra613
2.

7. GemechuT. Expansion of Fucalyptus plantations by smallholder farmers amid natural forest depletion: case study from
Mulo district in central Oromia. In: Proceeding of the conference on Eucalyptus species, management, history, status and
trends in Ethiopia. 2010; 9-25.

8. Alemayehu A, Melka Y. Small scale eucalyptus cultivation and its socioeconomic impacts in Ethiopia: a review of practices
and conditions. Trees, Forests People. 2022;8(May):100269. https://doi.org/10.1016/j.tfp.2022.100269.

9. Kwame OA. Estimating carbon stocks in tree biomass and soils under rotational woodlots and Ngitili systems in North-
western Tanzania. Diss: University of Saskatchewan; 2014.

10.  Hagos H, Tesfay G, Brhane E, Abrha H, Bezabh T, Tesfay B, et al. Comparison of carbon stock potential of farmland trees in
the midlands of Hawzen Northern Ethiopia. Sustain Environ. 2021;7(1):1-6. https://doi.org/10.1080/27658511.2021.197369
6.

11, Bussa B, Feleke K. Contribution of Parkland agroforestry practices to the rural community livelihood and its management
in Southern Ethiopoia. Human Soc Sci. 2020;8(4):104-11.

12. Gebremedhin K, Efrem GN. Management practices and economic contribution of eucalypts woodlots to the rural house-
hold livelihoods: the case of Cheha District, Southern Ethiopia. Indones J Soc Environ Issues (IJSEI). 2023. https://doi.org/10
A7540/ijseiv4i1.709.


https://doi.org/10.1080/00128325.2018.1532694
http://hdl.handle.net/123456789/91937
https://doi.org/10.1186/s40068-019-0132-6
https://doi.org/10.1186/s40068-019-0132-6
https://doi.org/10.1007/s10457-012-9537-1
https://doi.org/10.36713/epra6132
https://doi.org/10.36713/epra6132
https://doi.org/10.1016/j.tfp.2022.100269
https://doi.org/10.1080/27658511.2021.1973696
https://doi.org/10.1080/27658511.2021.1973696
https://doi.org/10.47540/ijsei.v4i1.709
https://doi.org/10.47540/ijsei.v4i1.709

Tadesse et al. Discover Forests (2025) 1:35

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Jagger P, Jagger P, Pender J, Gebremedhin B. Woodlot devolution in Northern Ethiopia: opportunities for empowerment,
smallholder income diversification, and sustainable land management. 2003.

Gizachew K. Expansion of Eucalypt Woodlot and its factors in Cheha District Southern Ethiopia. World Sci News.
2017;,66:163-80.

Murthy IK, Gupta M, Tomar S, Munsi M, Tiwari R, Hegde GT, et al. Carbon sequestration potential of agroforestry systems in
India. J Earth Sci Clim Change. 2013;04(01):1-7. https://doi.org/10.4172/2157-7617.1000131.

Kimaro AA, Novak KD, Shemdoe RS, Chamshama SAQ. Carbon stock in planted woodlots at Kongowe, Kibaha, Tanza-

nia. Sustainable agroecosystems in climate change mitigation. Wageningen Academic, 2014. 67-84.

Eshetu AA. Factors affecting the adoption of fuel-efficient stoves among rural households in Borena Woreda: north central
Ethiopia. Int J Energy Sci. 2014;4(5):141.

Shiferaw A, Singh. An appraisal of the challenges that affect sustainability and productivity of the land use in the Borena
Woreda of South Wollo highlands: Ethiopia. J Sustain Dev Afr. 2010;12(6):307-28.

Shiferaw S. Evaluating the land use and land cover dynamics in Borena Woreda South Wollo Highlands, Ethiopia. Ethiop J
Bus Econ. 2011;2(1):69-104.

Shiferaw A. Estimating soil loss rates for soil conservation planning in Borena Woreda of south Wollo highlands of Ethiopia:
the case from the Legemara watershed. Ethiop J Bus Econ (The). 2012;2(2):1-34.

Fikir D, Tadesse W, Gure A. Economic contribution to local livelihoods and households dependency on dry land forest
products in Hammer district, southeastern Ethiopia. Int J Forestry Res. 2016;2016:5474680. https://doi.org/10.1155/2016/5
474680.

Abebe A. Estimating carbon stock of jib Godo forest and its implication for mitigation of climate change in Farta District,
Northwestern Ethiopia. Diss. 2019.

Mangala MI. Woodlots management and sustainable livelihood development: a case study in Southern Sri Lanka. Environ
Ecol Res. 2016;4(2):88-98.

Sibanda M, Buthelezi S, Ndlovu HS, Mothapo MC, Mutanga O. Mapping the Eucalyptus spp woodlots in communal

areas of Southern Africa using Sentinel-2 Multi-Spectral Imager data for hydrological applications. Phys Chem Earth.
2021;122(February):102999. https://doi.org/10.1016/j.pce.2021.102999.

Mangwanya S, Newete S, Adam E, Abutaleb K. Mapping Eucalyptus trees in Johannesburg city using high resolution
multispectral image. Diss. 2018.

Singh AS, Masuku MB. Sampling techniques and the determints of sample size in applied statistics research: an overview.
Int J Econ, Commer Manag. 2018;2(11):1-2.

Brown S. Tropical forests and the global carbon cycle: estimating state and change in biomass density. Berlin: Springer;
1996. p. 135-44.

Brown S, Andrew G, Ariel L. Biomass estimation methods for tropical forests with application to forest inventory data. For-
est Sci. 1989;35(4):881-902. https://doi.org/10.1093/forestscience/35.4.881.

Ketterings QM, Coe R, Van NM, Ambagau Y, Palm CA. Reducing uncertainty in the use of allometric biomass equations for
predicting above-ground tree biomass in mixed secondary forests. For Ecol Manage. 2001;146(1-3):199-209. https://doi.o
rg/10.1016/50378-1127(00)00460-6.

Kuyaha S, Dietzc J, Muthuria C, Jamnadassa R, Mwangib P, Coea R, et al. Allometric equations for estimating biomass in
agricultural landscapes: II. Belowgr Biomass Agric Ecosyst Environ. 2012;158:225-34. https://doi.org/10.1016/j.agee.2012.0
5.010.

Nair PK. Carbon sequestration studies in agroforestry systems: areality-check. Agroforest Syst. 2012;86(2):243-53. https.//d
0i.0rg/10.1007/510457-011-9434-z.

Basuki L, Skidmore H. Forest ecology and management allometric equations for estimating the above-ground biomass in
tropical lowland Dipterocarp forests. For Ecol Manage. 2009;257(8):1684-94. https://doi.org/10.1016/j.foreco.2009.01.027.
Kimaro, Isaac, Chamshama. Carbon pools in tree biomass and soils under rotational woodlot systems in eastern Tanzania.
Opportunities and challenges (2011): 129-143. https://doi.org/10.1007/978-94-007-1630-8_7.

Nelson BW, Mesquita R, Pereira JLG, De SGA, Teixeira G, Bovino L. Allometric regressions for improved estimate of second-
ary forest biomass in the central Amazon. Forest Ecol Manag. 1999;117:149-67. https://doi.org/10.1016/S0378-1127(98)00
475-7.

Kenzo T, Furutani R, Ninomiya HD, Kendawang JJ, Tanaka S, et al. Allometric equations for accurate estimation of above-
ground biomass in logged-over tropical rainforests in Sarawak, Malaysia. J Forest Res. 2009;14:365-72. https://doi.org/10.1
007/510310-009-0149-1.

Chave B, Chambers E, Yamakura H, et al. Tree allometry and improved estimation of carbon stocks and balance in tropical
forests. Oecologia. 2005;145:87-99. https://doi.org/10.1007/500442-005-0100-x.

Kuyah S, Dietz J, Muthuri C, Jamnadass R, Mwangi P, Coe R, et al. Agriculture, ecosystems and environment allometric
equations for estimating biomass in agricultural landscapes: I. Abovegr Biomass Agric Ecosyst Environ. 2012;158:216-24.
https://doi.org/10.1016/j.agee.2012.05.011.

Hairiah K, Sitompul SM, Van M, Palm C. Methods for sampling carbon stocks above and below ground. Bogor, Indonesia:
ICRAF, 2001.

Semere M. Biomass and soil carbon stocks assessment of agro forestry systems and adjacent cultivated land, in Che-
hawereda, Gurage zone. Ethiopia Int J Environ Sci Nat Resour. 2019;20(4):556043.

Kumar BM, Nair PKR. Methodological challenges in estimating carbon sequestration potential of agroforestry systems. Car-
bon sequestration potential of agroforestry systems: opportunities and challenges (2011): 3-16. https://doi.org/10.1007/9
78-94-007-1630-8_1.

Dixon RK, Brown S, Houghton RA, Solomon AM, Trexler MC, Wisniewski J. Carbon pools and flux of global forest ecosys-
tems. Science. 1994:263:185-90.

Albrecht A, Kandji ST. Carbon sequestration in tropical agroforestry systems. Agric Ecosyst Environ. 2003;99(1-3):15-27. htt
ps://doi.org/10.1016/S0167-8809(03)00138-5.

Takimoto A, Nair PKR, Nair VD. Carbon stock and sequestration potential of traditional and improved agroforestry systems
in the West African Sahel. Agric Ecosyst Environ. 2008;125(1—4):159-66. https://doi.org/10.1016/j.agee.2007.12.010.
Getnet D, Mekonnen Z, Anjulo A. The potential of traditional agroforestry practices as nature-based carbon sinks in Ethio-
pia. Nat-Based Solut. 2023;4:100079. https://doi.org/10.1016/j.nbs}.2023.100079.

Page 10 of 11


https://doi.org/10.4172/2157-7617.1000131
https://doi.org/10.1155/2016/5474680
https://doi.org/10.1155/2016/5474680
https://doi.org/10.1016/j.pce.2021.102999
https://doi.org/10.1093/forestscience/35.4.881
https://doi.org/10.1016/S0378-1127(00)00460-6
https://doi.org/10.1016/S0378-1127(00)00460-6
https://doi.org/10.1016/j.agee.2012.05.010
https://doi.org/10.1016/j.agee.2012.05.010
https://doi.org/10.1007/s10457-011-9434-z
https://doi.org/10.1007/s10457-011-9434-z
https://doi.org/10.1016/j.foreco.2009.01.027
https://doi.org/10.1007/978-94-007-1630-8_7
https://doi.org/10.1016/S0378-1127(98)00475-7
https://doi.org/10.1016/S0378-1127(98)00475-7
https://doi.org/10.1007/s10310-009-0149-1
https://doi.org/10.1007/s10310-009-0149-1
https://doi.org/10.1007/s00442-005-0100-x
https://doi.org/10.1016/j.agee.2012.05.011
https://doi.org/10.1007/978-94-007-1630-8_1
https://doi.org/10.1007/978-94-007-1630-8_1
https://doi.org/10.1016/S0167-8809(03)00138-5
https://doi.org/10.1016/S0167-8809(03)00138-5
https://doi.org/10.1016/j.agee.2007.12.010
https://doi.org/10.1016/j.nbsj.2023.100079

Tadesse et al. Discover Forests (2025) 1:35

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

Gebre AB, Birhane E, Gebresamuel G, Hadgu KM, Norgrove L. Woody species diversity and carbon stock under different
land use types at Gergera watershed in eastern Tigray, Ethiopia. Agroforest Syst. 2019;93:1191-203. https://doi.org/10.1007
/510457-018-0226-6.

Bajigo A, Tadesse M, Moges Y, Anjulo A. Estimation of carbon stored in agroforestry practices in Gununo Watershed,
Wolayitta Zone, Ethiopia. J Ecosyst Ecogr. 2015;5(1):1-5.

Setota M, Shiferaw W, Misgana D. Investigation of woody species composition, diversity, and carbon stock under agrofor-
estry practices in Oromia National Region State, Central Ethiopia. Int J Ecol. 2024;2024:8463030. https://doi.org/10.1155/20
24/8463030.

Birhane E, Ahmed S, Hailemariam M, Negash M, Rannestad MM, Norgrove L. Carbon stock and woody species diversity in
homegarden agroforestry along an elevation gradient in southern Ethiopia. Agroforest Syst. 2020,94(3):1099-110. https//
doi.org/10.1007/510457-019-00475-4.

Misgana D, Shibru S, Chauhan R. Woody species diversity, structure and biomass carbon of parkland agroforestry practices
in Gindeberet District, West Shoa Zone, Oromia Regional State, Ethiopia. Int J Biodivers Conserv. 2020;12(1):1-14. https.//d
01.0rg/10.5897/1JBC2019.1335.

Leuschner C, Zach A, Moser G, Homeier J, Graefe S, Hertel D, et al. The carbon balance of tropical mountain forests along
an altitudinal transect. Ecosystem services, biodiversity and environmental change in a tropical mountain ecosystem of
South Ecuador. 2013;117-139. https://doi.org/10.1007/978-3-642-38137-9_10.

Ciais P, Bombelli A, Williams M, Piao SL, Chave J, Ryan CM, et al. The carbon balance of Africa: synthesis of recent research
studies. Philos Trans R Soc Lond A Math Phys Eng Sci. 2011;369(1943):2038-57. https://doi.org/10.1098/rsta.2010.0328.
Manaye A, Tesfamariam B, Tesfaye M, Worku A, Gufi Y. Tree diversity and carbon stocks in agroforestry systems in northern
Ethiopia. Carbon Balance Manage. 2021;16(1):1-10. https://doi.org/10.1186/513021-021-00174-7.

Lemenih M, Itanna F. Soil carbon stocks and turnovers in various vegetation types and arable lands along an elevation
gradient in southern Ethiopia. Geoderma. 2004;123(1-2):177-88. https://doi.org/10.1016/j.geoderma.2004.02.004.
Feliciano D, Ledo A, Hillier J, Rani D. Which agroforestry options give the greatest soil and above ground carbon benefits in
different world regions? Agr Ecosyst Environ. 2017;2018(254):117-29. https://doi.org/10.1016/j.agee.2017.11.032.

Marone D, Poirier V, Coyea M, Olivier A, Munson AD. Carbon storage in agroforestry systems in the semi-arid zone of
Niayes, Senegal. Agroforest Syst. 2017,91:941-54. https://doi.org/10.1007/510457-016-9969-0.

Bolstad PV, Vose JM, McNulty SG. Forest productivity, leaf area, and terrain in southern Appalachian deciduous forests. For
Sci. 2001,47(3):419-27. https://doi.org/10.1093/forestscience/47.3.419.

Tashi S, Singh B, Keitel C, Adams M. Soil carbon and nitrogen stocks in forests along an altitudinal gradient in the eastern
Himalayas and a meta-analysis of global data. Glob Change Biol. 2016;22(6):2255-68. https://doi.org/10.1111/gcb.13234.
Gebrewahid Y, Gebre-Egziabhier TB, Teka K, Birhane E. Carbon stock potential of scattered trees on farmland along an
altitudinal gradient in Tigray, Northern Ethiopia. Ecol Process. 2018;7:1-8. https://doi.org/10.1186/513717-018-0152-6.
Sheikh MA, Kumar M, Bussmann RW. Altitudinal variation in soil organic carbon stock in coniferous subtropical and broad-
leaf temperate forests in Garhwal Himalaya. Carbon Balance Manage. 2009;4:1-6. https://doi.org/10.1186/1750-0680-4-6.

Publisher's Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Page 11 of 11


https://doi.org/10.1007/s10457-018-0226-6
https://doi.org/10.1007/s10457-018-0226-6
https://doi.org/10.1155/2024/8463030
https://doi.org/10.1155/2024/8463030
https://doi.org/10.1007/s10457-019-00475-4
https://doi.org/10.1007/s10457-019-00475-4
https://doi.org/10.5897/IJBC2019.1335
https://doi.org/10.5897/IJBC2019.1335
https://doi.org/10.1007/978-3-642-38137-9_10
https://doi.org/10.1098/rsta.2010.0328
https://doi.org/10.1186/s13021-021-00174-7
https://doi.org/10.1016/j.geoderma.2004.02.004
https://doi.org/10.1016/j.agee.2017.11.032
https://doi.org/10.1007/s10457-016-9969-0
https://doi.org/10.1093/forestscience/47.3.419
https://doi.org/10.1111/gcb.13234
https://doi.org/10.1186/s13717-018-0152-6
https://doi.org/10.1186/1750-0680-4-6

	﻿Carbon stock potential of smallholder’s ﻿Eucalyptus﻿ woodlots in cases of Borena District, Northern Ethiopia
	﻿Abstract
	﻿1﻿ ﻿Introduction
	﻿2﻿ ﻿Materials and methods
	﻿2.1﻿ ﻿Description of the study area
	﻿2.2﻿ ﻿Sampling procedures and data collection
	﻿2.2.1﻿ ﻿Sample size selection
	﻿2.2.2﻿ ﻿Tree biomass carbon estimation


	﻿2.3﻿ ﻿Data analysis
	﻿3﻿ ﻿Result and discussion
	﻿3.1﻿ ﻿Biomass carbon stock
	﻿3.2﻿ ﻿Soil organic carbon stock
	﻿3.3﻿ ﻿Farmer's Eucalyptus woodlot resource in Borena Woreda

	﻿4﻿ ﻿Conclusion
	﻿References


