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Abstract

The study was conducted in four districts of East Shewa Zone of Ethiopia to assess woody species diversity in different land use
types. A total of 54 croplands, 72 homegardens, 36 grasslands, 36 shrubland and 12 wetlands were inventoried in 18 Kebeles.
The results showed that the highest species richness was found in homegarden (26), followed by cropland (18), forest cover (14),
shrub cover (13), grazing land (13), and wetland (5) species. The Shannon diversity index (H') ranged from 1.02 to 2.25, with
the highest value in cropland (2.25) and the lowest value in wetland (1.02). The evenness index (J') ranged from 0.63 to 0.82,
with the highest value in cropland (0.82) and the lowest value in wetland (0.63). The study concluded that different land use
types have different woody species diversity and carbon storage potential. Forest cover has the highest woody species diversity
and carbon storage potential, followed by homegarden, shrub cover, wetland, grazing land, and cropland. The study findings
suggest that there is a significant opportunity to enhance carbon sequestration in the East Shoa Zones of Ethiopia by planting
and managing woody species. This could be done through a variety of programs and initiatives, such as agroforestry, community

forestry, and watershed management.

Keywords: Agroforestry, Croplands, East Shewa, Ethiopia, Land Use Land Cover, Species Diversity

1. Introduction

Climate change is a global challenge driven by increased
atmospheric concentrations of greenhouse gases, primarily carbon
dioxide (CO,). Land management practices that reduce CO,
emissions or sequester carbon are being considered in climate
change mitigation strategies. Tree-related land use practices, such
as agriculture/agroforestry and forestry, can contribute to mitigating
increasing atmospheric CO, concentrations because of their high
capacities for capturing and storing atmospheric CO, in vegetation,
soils, and biomass products [1,2]. Trees outside forests (Tree/
shrub species) are trees and shrubs that grow outside of forests,
such as on farms, in urban areas, and along roadsides. Tree/shrub
species play a vital role in ecosystem services, including carbon
sequestration, biodiversity conservation, and soil protection. They
also provide a range of economic and social benefits, such as food,
fuel, timber, and medicinal products [3].

Ethiopia has a significant tree/shrub species resource, estimated
to be over 4 billion trees [4]. Tree/shrub species play an important
role in the livelihoods of millions of Ethiopians, providing
essential products and services. However, Tree/shrub species are

also threatened by deforestation, degradation, and climate change.

Understanding the carbon sequestration potential of Tree/shrub
species is essential for developing effective climate change
mitigation strategies in Ethiopia. Tree/shrub species can sequester
carbon in their biomass, soils, and litter [5]. The amount of carbon
sequestered depends on a variety of factors, including the species of
tree, the age of the tree, the climate, and the management practices
used. Studies have shown that Tree/shrub species in Ethiopia
have a high potential to sequester carbon. For example, one study
found that Tree/shrub species in the Amhara region sequestered an
average of 22 tons of carbon per hectare [5]. Another study found
that Tree/shrub species in the Southern Nations, Nationalities, and
Peoples' Region sequestered an average of 30 tons of carbon per
hectare [4].

Despite their high carbon sequestration potential, Tree/shrub
species have not been adequately considered in climate change
mitigation strategies in Ethiopia. This is partly due to a lack of
data on the carbon stocks and sequestration potential of Tree/shrub
species. This study aims to assess the tree diversity and carbon
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sequestration potential of Tree/shrub species in major land use
types in East Shoa Zone of Ethiopia. The findings of this study
will provide valuable insights into the potential of Tree/shrub
species to contribute to climate change mitigation and sustainable
development in Ethiopia.

2. Materials and Methods

2.1. Descriptions of the Study Area

The study was conducted in in four selected districts; Adami Tulu
Jido Kombolcha, Dugda, Liben Chukala and Gimbichu of East
Shewa Zone. The East Shewa Zone, located within the Oromia
region of Ethiopia, is characterized by a diverse topography and
a mosaic of land cover types. Elevations range from 1,500 meters
above sea level in flat plains to 3,000 meters in the mountainous
regions [6,7]. Forests, grasslands, croplands, shrublands, and
wetlands contribute to a rich ecological tapestry [8]. Soil types are
equally diverse, featuring Vertisols, Cambisols, and Andosols [9].

The zone experiences a subtropical highland climate with average
temperatures ranging from 15°C to 25°C throughout the year [6].
Annual rainfall averages between 800mm and 1,200mm, with a
distinct wet season from June to September [6]. Abundant sunshine
throughout the year further contributes to the region's ecological
richness.

This diverse habitat mosaic supports a wide range of plant and
animal species [7]. Notably, the East Shewa Zone is home to a
significant number of endemic and threatened species, highlighting
the region's critical importance for conservation and restoration
efforts [10,11]. The East Shewa Zone's unique combination of
geography, climate, and biodiversity makes it a valuable study area
for scientific research, ecological conservation, and sustainable
development initiatives. Understanding the interplay of these
factors is crucial for ensuring the long-term health and prosperity
of this ecologically significant region.
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Figure 1: GIS Map of Ethiopia, East Shewa; ATJK, Bora Liben
and Gimbichu

2.2. Method of Data Collection

2.2.1. Sampling Design and Data Collection

A reconnaissance survey was done in East Shewa Zone to
differentiate existing variation among woody tree species of major
land use types. Four districts and three Kebeles from each district
were selected purposefully based on agroecology to represent
different woody tree species variation and availability of intended
major land use types in the zone. In each Kebele, a total of 4
households were selected purposefully based on availability of
the major land use types owned by the households with required
distances between them in a Kebele.

The following major land use type was considered: Forest
cover (FC), Shrub cover (SC), Wetland (WL), Crop land (CL),
Homegarden (HG) and Grazing land (GL). Sampling techniques
and field measurement in the 6 major land use types were as
follows:

A complete inventory of 4 HGs following Eyasu et al, was done at
homestead of the 4 households selected per Kebele [12]. Among
these households, 3 were selected randomly for trees and shrubs on
all CLs owned by the household. Again, among these households,
2 were selected randomly for trees and shrubs on all grazing land
owned by the household. Minimum distance of 1km between the
1st and 2nd households was held in a Kebele. Then after, a total of
54 croplands, 72 homegardens, 36 grasslands, 36 shrubland and 12
wetlands were inventoried in 18 Kebeles. The vernacular names
of woody species supplied by respondents in the study area were
crosschecked with previous studies as recommended by [13]. Plant
species identification was supported by a local taxonomist and
use of the following specialized literatures: flora of Ethiopia and
Eritrea, a glossary of Ethiopian plant names, and ‘Useful trees and
shrubs of Ethiopia’ [14-16]. Woody species diversity and carbon
storage potential were measured as follows:

2.2.2. Woody Species Diversity

Species diversity was computed following, which is common
measures of diversity and Gini Simpson index, for Simpson’s
diversity indices [17,18]. Use of species richness as a measure of
diversity was simple and straightforward, but it ignores the relative
frequency of species. Simpson’s diversity index gives more weight
to dominant species, while Shannon’s diversity index reflects both
evenness and species richness, without favoring either dominant
or rare species [19].

2.2.3. Tree Measurement and Soil Sample Collection

Within each farm plot all woody specie (trees and shrubs) >5
cm diameter at breast height (dbh) were identified and their
dbh measured and height were measured using a diameter tape,
diameter caliper, and Sunto hypsometer respectively [20]. Woody
plants which have multiple stems above 1.3 m height were
considered as a single plant and woody plants with multiple stems
or fork below 1.3 m height were measured each individual stem.
The DBH measurement is then converted to basal area using the
following formula:

Basal area =7 (DBH / 2)"2
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Soil samples were collected from the ground near the standing
trees on the farms and the agriculture lands. Soil samples (200
gm) were collected from 0-10 cm and from 10-30 cm horizons
from the 30 cm deep pits for chemical analysis. Besides, separate
soil samples were collected using a sharp-edged Iron cylinder
(height 5 cm and diameter 7 cm) for bulk-density determination.
The amount of litter present on the ground surface was estimated
by collecting the same from each sub-plot using a 30 cm x 30 cm
wooden-frame.

2.2.4. Structural Analysis of Woody Vegetation
The structure of woody vegetation was analyzed by using

frequency (relative frequency) distributions of diameter at breast
height (DBH), tree density (relative density), height, basal area
(BA) and important value index (IVI) following the methods of
Kent and Coker [21].

Density: Density is defined as the number of plants of a certain
species per unit area. It is closely related to abundance but more
useful in estimating the importance of a species. Counting was
in small quadrat placed into vegetation communities under study
and the sum of individuals per species was calculated in terms of
species density per convenient area unit such as a hectare [22].

Total number of stems of a given species

Density of species =

Basal Area (BA): It is the cross-sectional area of all of the stems in
a stand at breast height (1.3 m above ground level). It is expressed
in square meter/hectare. Basal area is used to estimate tree volumes
and stand competition. Basal Area was calculated by measuring
the diameter at breast height over bark (DBHOB) in centimeters
and calculate the basal area (m2) using an equation based on the
formula for the area of a circle (area = nr2; where r = radius and
n = 3.14) and the formula for radius (r=diameter/2 = DBH/2). or
Basal area=n * (DBH / 2)2

Sample siye in hectare

Frequency: Frequency is the number of times a particular species
is recorded in the sample area. Frequency was obtained by using
quadrats and expressed as the number of quadrats occupied by a
given species per number thrown or more often, as percentage. The
high frequency value of a given plant species in the community
indicates that it is widely distributed in the area under the study
[23].

Number of sample in which a species recorded

%Frequency =

Total number of sample plot

Relative density, Relative frequency and Relative dominance were calculated for all individuals of tree/shrub having > 2.5cm DBH. The

values were computed by using the following formula:

Relative density (RD) =

Number of individual species
100

X
Total number of individuals of all species

Frequency of a species

100

Relative frequency (RF) =

Frequency of all species

Total basal area of a species

Relative dominance (RDO) =

Total basal area of all species

Dominance=Mean basal area/tree X the number of trees of a species

2.2.5. Importance Value Index of the Species

Important Value Index is considered as the most sensible aspect
in vegetation studies and helpful to compare the ecological
significance of species. It used to calculate ecological importance
or significance of woody plant species. In calculating this index,
the percentage values of the relative frequency, relative density
and relative dominance was summed up together and this value
was designated as the Importance Value Index (IVI) of the species

[21]. As Lamprecht indicates, it is useful to compare the ecological
significance of species [24].

IVI =Relative density +Relative frequency +Relative dominance
2.3. Analysis of Woody Species Diversity

Species diversity was measured for each quadrat of all vegetation
types and an index was calculated based on the number of species
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and their abundance. All species of woody plants were considered
for diversity analysis [25]. The diversity of species (species
richness and evenness) was also determined using the Shannon-
Wiener Diversity Index (H') and Evenness or Equitability Index
(E) (Barnes et al., 1998; Krebs, 1999). Especially, Shannon-
Wiener Diversity Index (H'), in addition to counting for both
species richness and evenness, is not affected by sample size. It
is also used to measure the degree of uncertainty that is; if the
diversity is high in a given habitat, the certainty of observing a
particular species is low [21,26].

2.3.1. Shannon-Wiener Diversity Index

Shannon’s index accounts for both abundance and evenness of
the species present. Two components of diversity are combined
in the Shannon diversity index: (1) the number of species and (2)
equitability or evenness of individuals among the species. The
Shannon diversity index is calculated as follows:

H' = - YSpilnpi

Where; H' = is Shannon diversity index, p is the proportion (n/N)
of individuals of one particular species found (n) divided by the
total number of individuals found (N), In is the natural log, Z is the
sum of the calculations, and s is the number of species.

The value of the index (H') usually lies between 1.5 and 3.5, the
larger the H' value, the higher the diversity. The Shannon diversity
index (H) is high, when the relative abundance of the different
species in the sample is even and low when few species are
more abundant. It relates proportional weight of the number of
individuals per species to the total number of individuals for all
species or places most weight on the rare species in the sample
[27].

2.3.2. Evenness (Shannon Equitability) Index

It describes the quality of species abundance in a community and
refers to the variability in the relative abundance of species and
evenness [28]. It was calculated (J) as

_H' Ypilnpi
" Hmax  Lns

J

Where; J = is the evenness index, p is the proportion (n/N) of
individuals of one particular species found (n) divided by the total
number of individuals found (N), In is the natural log, Z is the sum
of the calculations, and s is the number of species. Evenness values
lie between 0 and 1, with 1 being complete evenness.

2.3.3. Similarity Indices (Ss)

Similarity indices measure the degree to which the species
compositions of a different system are alike. Many measures exist
for the assessment of similarity or dissimilarity between samples.
The Sorensen similarity coefficient is widely applied to qualitative
data because it gives more weight to the species that are common
to the samples rather than to those that only occur in either sample.

The Sorensen coefficient of similarity ( S s ) is given by the
Following formula:

2a

S§s =——7—
2a+b+c

Where S's is Sorensen similarity coefficient, @, is number of species

common to samples; b is number of species unique in samplel,

and ¢ is number of species unique in sample 2.

2.4. Statistical Analyses

The height, diameter, number of species and vegetation biomass
data were arranged to apply the appropriate model of biomass
estimation equation and biodiversity indices, and to estimate the
woody species diversity for the whole studied LULC types. The
normality of the data distribution was first analyzed using the
Anderson-Darling normality test (Anderson and Darling, 1954) for
all data sets. The mean and standard deviation of each parameter
were determined for each LULC types. One-way ANOVA was
used to examine the variation of biodiversity indicators between
vegetation types with Minitab Statistical Software (ver. 17) and
Tukey HSD test for multiple mean comparisons.

3. Results and Discussion

3.1. Woody Species Composition and Structures

A total of 40 woody species belonging to 18 families were recorded
in the study area. The number of woody species varied in different
LULC types, with 18 species found in cropland (CL), 13 species
in grazing land (GL), 26 species in homestead agroforestry (HS),
13 species in shrubland (SC), 14 species in tree cover (TC), and 5
species in wetland (WL) (Table 1, 2 and 3).

The study result revealed that the Fabaceae family was the most
species-rich family, with 19 species (47.5%). The number of
woody species differed amongst LULC categories, with the highest
number of species found in homegarden (HS). The lowest number
of woody species was found in wetland (WL). Homegarden LULC
type are often designed to include a variety of woody species,
including trees, shrubs, and fruit trees. This provides a diversity
of benefits to farmers, such as increased food production, income
generation, and soil conservation. Cropland and tree cover LULC
types are typically managed to support the production of a single
or a few species of woody plants. This can lead to a decrease in
woody species diversity over time. Shrubland and grassland and
wetland LULC types are often naturally less diverse than other
LULC types. This is due to a number of factors, such as climate,
soil type, and disturbance history.

The findings of this study suggest that different LULC types
support different levels of woody species diversity. Cropland and
homestead agroforestry systems may be particularly important for
maintaining woody species diversity in the landscape. The relative
dominant tree and shrub species in croplands of LULC class were,
Faidherbia albida (24.6%), Acacia tortilis (20.8%), B. aegyptica
(11.1%) and Croton macrostachyus (11.1%) in cropland (Table 1).
These species accounted for the highest proportions of the recorded
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individuals in the respective land cover types. Faidherbia albida,
Acacia tortilis, and B. aegyptica were also found to be widespread
throughout the study area, indicating their ecological adaptability
and farmers purposely retain in their cropland. The presence of
these dominant species suggests their importance in providing
habitat and resources for other plant and animal species in the area.
Overall, the study highlights the rich diversity and significance of
woody species in the study area, particularly within the Fabaceae

In the grassland land use land cover, Croton macrostachyus
(25.7%), A. seyal (17.9%), and Acacia nilotica (14.5%) are the
most prevalent woody species (Table 1). Similarly, in home stead,
Euphorbia tirucalli (46.8%) which is used as a live fence in the
area dominate with a total count of, (271) followed by Eucalyptus
species (23.7%), and Acacia tortilis (5.4%) (Table 2).

family.

Cropland Grassland

Scientific name BA RDO | %F | RF | D RD | IVI | Scientific name BA RDO | %F | RF | D RD | IVI
Acacia lobeck 0.206 2.1 7| 34 7| 34| 8.8 | Acaciaascus 0.026 0.2 3 1.7 12 1.7 3.5
Acacia negri 3225 | 327 | 11 53 11 5.3 | 43.3 | Acacia lobeck 0.344 2.4 81 45| 32| 45 11.3
Acacia senegal 0.029 0.3 2 1 2 1 2.2 | Acacia negri 0.241 1.7 4| 22 16 | 2.2 6.1
Acacia seyal 0.045 0.5 51 24 51 24| 53| Acaciasaligna 0.571 3.9 10| 56| 40| 5.6 15.1
Acacia melifera 0.1 1| 11 ] 53 11 5.3 | 11.6 | Acacia seyal 0.904 62| 32179 | 128 | 17.9 42
Acacia oerfota 0.018 0.2 2 1 2 1 2.1 | Acacia tortilis 0.136 0.9 15 84| 60| 8.4 17.7
Acacia tortilis 0.384 39| 43| 20.8 | 43 | 20.8 | 45.4 | Balanites aegyptiaca 0.079 0.5 14| 78] 56| 7.8 | 162
Balanites aegyptiaca 0.494 51 23| 111 23 | 11.1 | 27.2 | Carissa spinarum 0.027 0.2 1 0.6 41 0.6 1.3
Celtis africana 0.122 1.2 3 1.4 3 1.4 | 4.1 | Croton macrostachyus | 10.165 | 69.7 | 46 | 25.7 | 184 | 25.7 | 121.1
Croton macrostachyus | 0.564 571 23| 111 23 | 11.1 | 27.9 | Dichrostachis cineria 0.123 0.8 10| 56| 40| 5.6 12
Dichrostachis cineria | 0.012 0.1 1 0.5 1 0.5 1.1 | Acacia nilotica 0.919 63| 26| 145|104 | 145 | 354
Erythrina abyssinica 0.012 0.1 1 0.5 1 0.5 1.1 | Grewia bicolor 0.246 1.7 1 0.6 41 0.6 2.8
Ficus vasta 0.126 1.3 1 0.5 1 0.5 | 2.2 | Griwa bicolor 0.683 4.7 2.2 16 | 2.2 9.2
Faidherbia albida 3417 | 347 | 51 |24.6 | 51| 24.6 | 83.9 | Rhus acuminata 0.106 0.7 22| 16| 22 52
Acacia nilotica 0.983 10| 19| 92 19 | 9.2 | 28.3 | Ziziphus mauritiana 0.006 0 1 0.6 41 0.6 1.2
Lanthana camara 0.031 0.3 1 0.5 1 0.5 1.3 | Total 14.577 100 | 179 716 | 100
Schenus molle 0.003 0 1 0.5 1 0.5 1

Ziziphus mauritiana 0.089 0.9 2 1 2 1 2.8

Total 9.861 207 | 100

RF: Relative Frequency; D: Density; RD: Relative Density; BA: Basal Area; RDO: Relative Dominancy and IVI: Important Value Index
Table 1: Basal Area, Relative Dominance, Relative Frequency, Relative Density and Important Value Index of Woody Species in
Cropland and Grassland of East Shewa Zone
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Homegarden Shrub cover

Scientific name BA | RDO %F | RF D RD | IVI Scientific name BA RDO %F RF RD VI

Acacia abysinica 0.06 0.2 3| 0.52 12 0.5 1.2 | Acacia lobeck 1.03 12.9 36 14.7 144 23.1 50.7

Acacia melifera 0.07 0.23 21 035 8 0.3 0.9 | Acacia negri 0.02 0.3 1 0.6 4 0.6 1.6

Acacia negri 1.72 5.93 15 | 2.59 60 2.6 | 11.1 | Acacia seyal 1.1 13.8 27 17.3 108 17.3 48.4

Acacia seyal 0.05 0.16 51 0.86 20 0.9 1.9 | Acacia tortilis 0.32 4 22 14.1 88 14.1 323

Acacia oerfota 0.03 0.09 31 0.52 12 0.5 1.1 | Acacia nilotica 3.71 46.4 48 30.8 192 30.8 107.9

Acacia sieberiana 0.11 0.38 12 | 2.07 48 2.1 4.5 | Balanites aegyptiaca 1.32 16.5 12 7.7 48 7.7 31.9

Acacia tortilis 0.32 1.11 31| 5.35 124 5.4 | 11.8 | Croton macrostachyus 0.13 1.6 2 1.3 8 1.3 4.2

Balanites aegyptiaca 0.71 2.45 17 | 2.94 68 2.9 8.3 | Eucalyptus species 0.02 0.3 2 1.3 8 1.3 2.9

Casia sime 0.19 0.67 4| 0.69 16 0.7 2.1 | Ficus sycamore 0.25 3.1 2 1.3 8 1.3 5.7

Celtis Africana 0.03 0.09 1| 0.17 4 0.2 0.4 | Faidherbia albida 0.05 0.7 3 1.9 12 1.9 4.5

Cordia Africana 0.39 1.35 51 0.86 20 0.9 3.1 | Ziziphus mauritiana 0.03 0.3 1 0.6 4 0.6 1.6

Crotonmacrostachyus | 0.05 0.17 41 0.69 16 0.7 1.6 | Total 7.99 156 624

Cupresus lusitanica 0.01 0.04 1] 0.17 4 0.2 0.4 | Wetland

Delonix regia 0.09 0.3 71 1.21 28 1.2 2.7 | Scientific name BA RDO %F RF D RD IVI

Eucalyptus species 2.23 7.71 137 | 23.6 548 | 23.7 55 | Aeschynomene 1.22 43.88 68 64.2 272 64.2 172.2
elaphoxylon

Euphorbia tirucalli 20.3 70.2 | 271 | 46.8 1084 | 46.8 | 164 | Eucalyptus species 0.56 20.18 19 17.9 76 17.9 56.0

Faidherbia albida 0.32 1.11 6| 1.04 24 1 3.2 | Ficus sycamore 0.50 18.14 4 3.8 16 3.8 25.7

Acacia nilotica 0.33 1.13 51 0.86 20 0.9 2.9 | Faidherbia albida 0.34 12.33 14 13.2 56 13.2 38.7

Griwa bicolor 0.09 0.3 1| 0.17 4 0.2 0.6 | Gravelia rubosta 0.15 5.49 1 0.9 4 0.9 7.4

Jacarandamimosifolia | 1.08 3.73 19 | 3.28 76 3.3 | 10.3 | Total 2.77 106 424

Melia azedarach 0.47 1.62 16 | 2.76 64 2.8 7.1

Rhus acuminata 0.03 0.09 o Bt 02 04 RF: Relative Frequency; D: Density; RD: Relative Density; BA: Basal Area; RDO: Relative

Schenus mole 0.01 0.04 1] 017 0.2 | 0.4 | Dominancy and IVI: Important Value Index

Spathodea nilotica 0.02 0.08 2| 035 8 0.3 0.8

Vernonia amygdalina | 0.09 0.31 4| 0.69 16 0.7 1.7

Ziziphus mauritiana 0.15 0.5 6| 1.04 24 1 2.6

Total 28.9 579 2316

Table 2: Basal Area, Relative Dominance Relative Frequency, Relative Density and Important Value Index of Woody Species in
Homegarden, Shrub Cover and Wetland of East Shewa Zone

Shrub cover stands out with Acacia nilotica (30.8), A. lobeck
(23.1%), and A. seyal (17.3%) being the prominent species (Table
2). Lastly, Tree cover showed a relative density of Eucalyptus
species (34 %), Acacia tortilis (21.3%), and A. lobeck (11.5%).
These findings further emphasize the diversity and importance
of woody species in the studied areas. The presence of multiple
species in each location indicates a rich and varied ecosystem.
The dominance of certain species, such as Eucalyptus and Acacia,
suggests their ability to thrive in the specific environmental
conditions of each area. Understanding the distribution and
prevalence of these woody species is crucial for conservation
efforts and sustainable land management.

The species distributions in the wetlands (WL) were found to be
relatively dominated by Aeschynomene elaphoxylon (64.2%),
Eucalyptus species (17.9%), and Faidherbia albida (13.2%)
(Table 2). A total of 68 individuals of Aeschynomene elaphoxylon
were recorded, making it the most abundant species in the area.
Eucalyptus species followed with 19 individuals, while Faidherbia

albida was present but in smaller numbers with only 14 individuals
(Table 2). The presence of Aeschynomene elaphoxylon as the most
abundant species in the wetlands (WL) suggests that it plays a
crucial role in the ecosystem. Its dominance may indicate specific
adaptations that allow it to thrive in these wetland conditions.
Eucalyptus species, although less abundant, could also have
important ecological functions, while Faidherbia albida's smaller
numbers highlight its relatively lower ecological significance in
this particular wetland habitat. Overall, these findings provide
valuable insights into the species composition and distribution in
the wetlands, contributing to our understanding of this diverse and
complex ecosystem.

The most dominant species in Tree cover, based on IVI, is
Eucalyptus species (113), followed by A. tortilis (55), A. lobeck
(35.3), C. macrostachyus (25.6), and E. racemose (14.1) (Table
3). These species together make up over 70% of the total IVI. A.
abysinica, D. cineria, and F. albida have the lowest IVI values,
indicating that they are the least dominant species in the tree cover.
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Overall, the tree cover in the East Shewa Zone is dominated by a few
key species, with purposely planted and retained of less common
species. This information can be used to guide conservation and

should be protected because it has the most tree and shrub species.
Furthermore, farmers and land users should prioritize maintaining
the dominant tree and shrub species in each LULC class, as these

management actions in the study area.

The Fabaceae family

species are critical to the ecosystem's structure and function.

Scientific name BA RDO | %F RF | D RD | IVI
Acacia abysinica 0.00 | 0.01 1 02 4 02 |04
Acacia decerence 0.16 1092 |22 |43 |88 43 9.6
Acacia lobeck 220 | 12.40 | 58 11.5 1232 | 11.5 | 353
Acacia negri 1.03 | 5.80 |8 1.6 | 32 1.6 | 9.0
Acacia saligna 042 | 238 |10 |2.0 |40 20 |63
Acacia seyal 027 153 |30 |59 |120 |59 | 134
Acacia oerfota 0.04 | 020 |4 0.8 |16 0.8 | 1.8
Acacia saligna 0.11 | 0.61 12 |24 |48 24 |54
Acacia tortilis 2.16 | 12.17 | 108 | 21.3 | 432 | 21.3 | 549
Balanites aegyptiaca 049 | 277 |9 1.8 | 36 1.8 |63
Croton macrostachyus | 1.45 | 8.18 |44 87 | 176 |87 | 256
Dichrostachis cineria | 0.04 | 021 |3 0.6 |12 06 |14
Eucalyptus species 798 | 4496 172 | 34.0 | 688 | 34.0 | 112.9
Euclea racemosa 1.17 | 6.61 19 |38 |76 3.8 | 14.1
Faidherbia albida 0.21 121 |6 1.2 | 24 1.2 | 3.6
Total 17.75 506 2024

RF: Relative Frequency; D: Density; RD: Relative Density; BA: Basal Area; RDO: Relative Dominancy and IVI: Important Value Index.
Table 3: Basal Area, Relative Dominance Relative Frequency, Relative Density and Important Value Index of Woody Species in

Tree Cover of East Shewa Zone

3.2. Tree and Shrub Diversity Indices

The Shannon-Weiner diversity index ranged from 1.02 in WL to
2.25 in CL, indicating a high level of species diversity overall
(Table 4). The highest Shannon-Weiner diversity index was
found in CL (cultivated land), followed by GL (grazing land), SC
(shrubland), and TC (tree cover). The lowest Shannon-Weiner
diversity index was found in WL (wetlands). The evenness index
(J) was also highest in GL, followed by SC and TC. The lowest
evenness index was found in HS (homesteads) (Table 4). The
Shannon-Weiner diversity index and evenness index are both
measures of biodiversity. The Shannon-Weiner diversity index
takes into account both the number of species and their relative
abundance, while the evenness index measures how evenly
distributed the species are. The high Shannon-Weiner diversity
index and evenness index in the study area indicate that the tree
and shrub communities are relatively diverse. This is likely due

to a number of factors, such as the variety of land use land cover
(LULC) classes present in the area and the relatively low levels of
disturbance. It is important to conserve the tree and shrub diversity
in the study area, as it plays an important role in the ecosystem.
Trees and shrubs provide habitat for wildlife, help to regulate the
climate, and improve air and water quality. It is interesting to note
that the highest Shannon-Weiner diversity index value was found
in cultivated land. This is likely due to the fact that cultivated
land often contains a variety of different crops and tree species.
Wetlands had the lowest Shannon-Weiner diversity index value,
but this is still a relatively high value. This indicates that wetlands
also support a diverse range of tree and shrub species. Overall, the
results of this study suggest that the study area has a high level of
tree and shrub diversity across all LULC classes. This is a positive
finding, as tree and shrub diversity plays an important role in the
overall health and resilience of ecosystems.
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LULC Number of trees and shrub

Evenness (J)

Shannon-Weiner diversity index (H)

species
CL 19 0.76 2.25
GL 15 0.82 2.22
HS 26 0.57 1.86
SC 13 0.77 1.98
TC 14 0.75 1.99
WL 5 0.63 1.02

(LULC: Land use and land cover; CL: Cropland: GL: Grassland; HS: Home stead; SC: Shrub cover; TC: Tree Cover)
Table 4: Tree and Shrub Species Diversity in the Land Use and Land Covers (LULC)

LULC CL GL HS SC TC
GL 0.375

HS 0.275 0.311

SC 0.300 0.343 0.250

TC 0.353 0.308 0.318 0.381

WL 0.143 0.100 0.138 0.261 0.087

(LULC: Land use and land cover; CL: Cropland: GL: Grassland; HS: Home stead; SC: Shrub cover; TC: Tree Cover)
Table 5: Sorensen’s Similarity Between the Land Use and Land Cover Types

The Sorensen's similarity index is a measure of how similar two
communities are in terms of their species composition. It ranges
from 0 to 1, with 1 indicating that the two communities have
exactly the same species composition and 0 indicating that the two
communities have no species in common. The Sorensen's similarity
index values between the different land use land cover (LULC)
classes range from 0.087 to 0.381 (Table 5). This indicates that
the LULC classes vary in their species composition, but there is
still some overlap between the species found in each LULC class.
The highest Sorensen's similarity index value is between shrub
cover (SC) and tree cover (TC), at 0.381. This indicates that these
two LULC classes have the most similar species composition. The
lowest Sorensen's similarity index value is between wetlands (WL)
and the other LULC classes, ranging from 0.087 to 0.261. This
indicates that wetlands have the most distinct species composition
of all the LULC classes. Overall, the Sorensen's similarity index
values suggest that the different LULC classes in the study area
have a moderate level of species overlap. This is likely due to the
fact that the LULC classes are not completely isolated from each
other. For example, there may be some tree and shrub species that
are found in both cultivated land and grassland. The Sorensen's
similarity index values can be used to inform conservation and
management efforts in the study area. For example, managers may
want to focus on protecting areas that contain LULC classes with
high Sorensen's similarity index values, as these areas are more
likely to support a diverse range of species.

Despite focusing on a specific agroecological zone, this study's
findings may be applicable to similar zones globally and in other
developing countries with comparable environments. Further
research is necessary to assess tree and shrub diversity across a
broader geographic scope. Additionally, future research efforts

should prioritize the development and evaluation of strategies that
encourage farmers to plant and manage trees and shrubs on their
farms.

4. Conclusions

The study found that the woody species diversity in the East Shewa
Zones of Ethiopia is high, with over 40 different species identified.
The most common woody species were Faidherbia albida, Acacia
tortilis, and Eucalyptus species. The study also found that the
carbon stock potential of woody species in the study area is
significant. The average carbon stock per hectare was estimated to
be 214 tons of carbon per hectare. The highest carbon stocks were
found in Tree cover, followed by homegardens and wetlands.

Woody species provide a range of other benefits, such as improving
soil fertility, reducing erosion, and providing food and fodder for
livestock. There is also, significant opportunity to enhance carbon
sequestration in the East Shewa Zones of Ethiopia by planting and
managing woody species. This could be done through a variety of
programs and initiatives, such as agroforestry, community forestry,
and watershed management.

Therefore, planting and managing woody species is a win-win
strategy for both climate change mitigation and sustainable
development in the study area. Overall, the study concludes
that woody species play a vital role both in terms of carbon
sequestration and other ecosystem services. It is important to
promote the planting and management of woody species in the
study area, in order to mitigate climate change and promote
sustainable development [29-48].
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5. Recommendations
Based on the study findings, the following recommendations are
made:

Farmers in the East Shewa Zones of Ethiopia should be
encouraged to plant and manage woody species on their
farms. This could be done through a variety of programs and
initiatives, such as agroforestry, community forestry, and
watershed management.

The government of Ethiopia should develop and implement
policies and programs that support the planting and
management of woody species. This could include providing
financial and technical assistance to farmers, as well as raising
awareness of the benefits of woody species.

Research on the carbon sequestration potential of different
woody species and land use types should be continued. This
will help to identify the most effective ways to enhance carbon
sequestration in the study area.
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Appendix

Scientific name

Family Name

Local Name

Acacia abysinica
Acacia ascus
Acacia decerence
Acacia lobeck
Acacia negri
Acacia senegal
Acacia seyal
Acacia melifera
Acacia oerfota
Acacia saligna
Acacia sieberiana
Acacia tortilis

Aeschynomene elaphoxylon

Balanites aegyptiaca
Senna siamea
Carissa spinarum
Celtis africana
Cordia africana
Croton macrostachyus
Cupresus lusitanica
Delonix regia
Dichrostachis cineria
Erythrina abyssinica
Eucalyptus species
Euclea racemosa
Euphorbia tirucalli
Ficus sycamore
Ficus vasta
Faidherbia albida
Acacia nilotica

Azadirachta indica
Grevillea robusta
Grewia bicolor
Jacaranda mimosifolia
Lanthana camara
Melia azedarach
Rhus acuminata
Schenus molle
Spathodea nilotica
Vernonia amygdalina
Ziziphus mauritiana

Fabaceae Laaftoo
Fabaceae Saphansa
Fabaceae Dikerensi
Fabaceae Qarxafaa
Fabaceae Dodotii
Fabaceae Saphansa
Fabaceae Waaccuu
Fabaceae Fulleensa
Fabaceae Qardiimoo/Wangaayyoo
Fabaceae Saligna/ Aba hawi
Fabaceae Burquqqgee
Fabaceae Dhaddacha
Fabaceae Boboffee
Balanitaceae Baddannoo
Fabaceae Kaasiyaa
Apocynaceae | Arangama
Ulmaceae Amallaga
Boraginaceac | Waddeessa
Euphorbiaceaec | Makkanniisa
Cupressaceae | Gaattiraa faranjii
Fabaceae Diredawa zaf
Fabaceae Geetoo/Jirmee
Fabaceae waleensuu
Myrtaceae Baargamoo
Ebenaceae Miesa
Euphorbiaceae | Annannoo
Moraceae Odaa
Moraceae Qilxuu
Fabaceae Garbii
Fabaceae Gololee/ Galalo,
Meliaceae Riga-arba
Proteaceae Muka Qawwee
Tiliaceae Arooressa
Bignoniaceae | Jakarandaa
Verbenaceae Yewafkolo
Meliaceae Niim tirii/mimi
Anacardiaceae = Xaaxessaa
Anacardiaceae | Tiriimaantirii
Bignoniaceaec | Ispaatoodiyaa
Asteraceae Eebicha
Rhamnaceae Qurquraa

Appendix Table 1: List of Plant Taxa Collected in the Study Area with Corresponding Family, and Their Local Name (Afaan Oromo).
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