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Abstract

regeneration in degraded lands in the study area.

Exclosure becomes popular as a naming of the practice of excluding degrading agents from degraded lands for
natural rehabilitation. However, its role on woody species regeneration in the Loma Bosa District of the southwestern
Ethiopia has not been investigated. Therefore, this study examines the role of exclosure on woody species regenera-
tion by comparing exclosure, open woodland, and degraded land areas. A systematic transect sampling method was
employed to collect vegetation data in sampling quadrats, each with a size of 20 x 20 m, evenly distributed along
parallel transect lines. All the woody plant species in each plot were identified and measured for DBH and height.
Twenty-six woody species, representing 16 plant families, were recorded at the study area, of which only eight were
recorded all in the exclosure, open woodland and open degraded land. Species Diversity Index (H) was 2.62, 2.38, and
1.56 for woody species in exclosure, open woodland area, and open degraded land area. Wood species density were
2225ha~! 1642 ha™', and 297 ha™' for exclosure, open woodland area, and open degraded land area, respectively.
The distribution of the height and DBH of the recorded species in exclosure exhibited an inverted )" shape pattern
suggesting a healthy regeneration status of the important species, while others revealed irregular and less interpret-
able pattern. Overall results from this study indicated that exclosure is important for improvement of woody species
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Introduction

Land degradation, a process of diminishing the produc-
tive potentials of land resources, is one of the serious
environmental problems at the global scale [1, 2]. It has
been increasing in severity and extent in many parts of
the world. For instance, in 2008, the United Nations Food
and Agriculture Organization (FAO) reported that more
than 20% of all cultivated areas, 30% of forests, and 10%
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of grasslands undergoing degradation in the world. A
recent study by [1] reported that about 29% of the global
land area covered by the degraded land, which are affect-
ing about 3.2 billion people who are especially rural com-
munities, smallholder farmers, and the very poor in the
developing regions of the world.

Land degradation mainly triggered by population pres-
sure, expansion of agricultural land, deforestation, and
over-exploitation of the natural resources [3-5]. Thus,
combating of land degradation though rehabilitation and
ecological restoration is important to ensure the long-
term productivity of the land resources and survival of
life on the earth [5, 6]. Closuring degraded area from
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human and livestock interference is one of the successful
rehabilitation activities to combat land degradation and
its significant negative impacts on woody species genera-
tion in developing countries [5].

In sub-Saharan Africa, land degradation is one of the
biggest problems that threatening the lives of millions of
people [1, 2, 7]. Like as other sub-Saharan African coun-
tries, it is one the major problems in Ethiopia. It has been
negatively affecting the agricultural production, liveli-
hoods, and provision of other ecosystem goods and ser-
vices in the country.

To combat the deforestation and land degradation
problems, Ethiopia has initiated extensive number of
rehabilitation programs, such as exclosure, soil and water
conservation activities. Particularly, the establishment of
exclosure is considered as an important tool to rehabili-
tate the degraded land, improve agricultural productivity,
restore natural vegetation, reduce soil erosion, improve
hydrological cycles, and microclimate in the country
[8-10].

Recently, exclosure becomes popular as a naming of the
practice of excluding degrading agents (domestic grazing
animals and human interference) from degraded lands
for natural rehabilitation. However, several challenges are
facing to make it fully realized. Establishing exclosure on
degraded land is considered as a cheap and convenient
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means of rehabilitating degraded areas, and convenient
for economically poor countries like Ethiopia. Now a day,
exclosure is very common and important tool to reha-
bilitate degraded lands especially in the southwestern
Ethiopia including Dawuro zone because of the impres-
sive changes in terms of ecological restoration, improve
ecological succession, regeneration of different plant
diversity, improvement of productivity, reduction of run-
off and soil erosion and over all agro-ecological stabiliza-
tion. However, there is no study conducted on the role of
exclosure on woody species regeneration and its species
composition in Dawuro zone. Therefore, this study aims
to examine the role of exclosure on woody species regen-
eration by comparing the woody species regeneration
between exclosure, open woodland (the area covered by
forest mainly plantation forest) and open degraded land
area (open grazing land) in the Loma Bosa District of the
Dawuro zone in Ethiopia.

Materials and methods

Description of the study area

The study was conducted in Loma Bosa District of the
Dawuro zone, southwestern Ethiopia. The geographical
location lies between 6° 35’ to 7° 34’ north and 36° 04/
to 37° 53’ east [11]. For the present study, Zima Waruma
was selected as shown in Fig. 1. The rationale for selecting
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Fig. 1 Map of study site (Source: Authors)
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Zima Waruma was that the practice of exclosure has been
applied for many years (implemented in 2005) than other
areas of the district. Though the area has ample potential
for agricultural production, its farm productivity is low
because farmers use traditional means of production [12]
and the degradation of land resources, such as forests
and soils. The population of Zima Waruma is estimated
at 3724, of which 1879 are males and 1845 females [13].
To avoid edge effects, the first transect were laid 30-50 m
inside the exclosures and other land use type. Before the
exclusion of interference by people and livestock, the
areas were under similar state of degradation, mainly
communal grazing, uncontrolled removal of plants and
its products by local communities and soil erosion. The
open degraded areas are communal grazing lands with an
open access to local community members for grazing of
livestock and removal of biomass. The areas of the exclo-
sure, open woodland and open degraded areas cover
48 ha, 51 ha, and 26 ha, respectively.

Sampling and data collection techniques

Since this is the first investigation after establishment of
the exclosure, it is challenges to explain the full process of
the vegetation dynamics in study site. However, changes
after the establishment of exclosure was described using
some important parameters such as woody species com-
position (relative contribution of individual species),
structure (density and cover-abundance) and diversity
measurements (e.g., richness and evenness) in the study
site [14] compared with the open woodland and adjacent
open lands. Exclosure and other land use types selected
were found within the same landscape and similar envi-
ronmental conditions. The assumption in this study is
that the exclosure and open areas had similar conditions
before establishment of the exclosure.

Sampling techniques

To obtain overviews of exclosure and woody species
regeneration, the reconnaissance survey was made in
2019 before the actual fieldwork in the study area in
2020. Contacts made and consent had reached with the
Dawuro zone Agriculture and Natural Resource and
Department of environment, forest and climate change
at Loma Bosa District before starting actual fieldwork.
Accordingly, senior technical experts were assigned to
assist and facilitate the data collection process. Train-
ing and orientation were given to all experts involved on
data collection. Moreover, a brief introduction about the
purpose of the study was given for the kebele administra-
tions and other stakeholders. After introduction, kebele
leaders and development agents were identified the spe-
cific exclosure, open woodland, and open degraded land

Page 3 of 10

area for vegetation survey on woody species regeneration
assessment.

Data collection method and sample size

Systematic data collection approach was used follow-
ing Fikadu and Argaw [15] to determine the composi-
tion and density of woody plants in the exclosure, open
woodland and open degraded land areas in the site. Par-
allel line transects, which have 200 m apart from each
other, were laid crossing the study sites from west to east
direction [16]. Along each transect, sample plot quadrats
measuring 20 by 20 m (400 m?) were laid down at 50 m
intervals. Accordingly, 30 quadrats laid in study sites and
proportionally distributed to each land use based on the
area coverage. Accordingly, 12 were from the each of
the exclosure and open woodland areas, while the rest 6
quadrats were laid in open degraded land area near the
exclosure site. In each of these quadrats, the identity and
number of all individuals of woody species were deter-
mined and recorded by their local, common and scien-
tific names [17] and nomenclatures of woody species
were followed flora of Ethiopia and Eritrea [18] and use-
ful trees and shrubs of Ethiopia [17, 19].

The diameter and height of trees, shrubs, saplings and
seedlings of the woody species were measured using a
diameter tape and marked measuring stick, respectively.
The diameter at stump height (DSH) for shrubs and sap-
lings and diameter measured at breast height (DBH) for
trees [20]. According to Lai et al. [21], DBH and height
of seedling is <2.5 cm and <1 m; sapling and shrub is
2.5-5 cm and 1-2 m, and tree and shrub is >5 and >2 m
respectively. Regeneration status of species in study site
was determined based on the population size of seed-
lings and saplings as good regeneration if seedlings > sap-
lings >adults and fair regeneration if seedlings> or
<saplings <adults [22].

Data and analysis
The density of each woody plant per hectare was derived
from the total number of individuals recorded in the total
quadrats, at the exclosure, open woodland, and open
degraded land areas of study site. The species diversities
in all land use types (exclosure, open woodland, and open
degraded land areas) of the study sites were calculated
using Simpson’s Diversity Index and Shannon—Wiener
Index.

The Simpson’s Diversity Index was developed by Simp-
son [23] and given as:

_ ni(ni — 1)
o~ X (=) @
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where D is Simpson’s diversity index, which ranges the
value between zero and one. The zero value represents
infinite diversity and one represents no diversity. That is,
the bigger the value of D, the lower the diversity of tree
species. n,; is number of individual woody species in the
exclosure, open woodland, or open degraded land areas;
and N is total number of woody species in the exclosure,
open woodland or open degraded land areas (total num-
ber of woody species in the sample).

The Shannon—Weiner index assumes that all species
are represented in a sample and that the sample was
obtained randomly [24]. The index obtained from the
following equation:
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2a

C=—
2a+b+c (4)

where a represents number of plant species common to
both habitats (i.e., exclosure and open areas); b repre-
sents number of species in the first habitat but absent in
the second; and c represents number of species preset in
the second habitat but absent in the first.

. Total number of stem of all trees
Density =

Sample size in hectare

. ) Total number of stems of all trees
Relative density = Sample size in hectare x 100

(6)
Frequency = Number of plots in w%lich a ?pecies occur‘ 100 7)
Total number of plots laid out in the study site
R F f tree species
1 ) requency o p
1 N — Relat = 100
H = Z In(P)) =In ( R Pipi> 2) clative frequency Frequency of all species

where pi is the proportion of individuals that belong to
species i; R is the number of species in the sample, and
In is the natural logarithm. The term in the parenthesis
equal to the true diversity (i.e., D) and H' =1In(D). A limi-
tation for Shannon—Weiner index is that its value usually
biased toward measuring species richness in a sample.
Evenness index (J) or equitability of species was cal-
culated using the Shannon Evenness index equation as:

_H  H =% Inpi)
" H'Max  In(R) InR

J ®3)
where H'Max is equal to In(R); H' represents Shannon
diversity index; InR represents the natural logarithm
of the total number of species in each community, and
R represents the number of species in each community
[24]. The higher the values of Shannon evenness (J), the
more even the species are by their distribution. Likewise,
the higher the value of Shannon diversity index (H’), the
more diverse the community are. If the community has
one species, the index will be close to zero. If all spe-
cies in the data set are equally common, all pi values will
be equal to 1/R and the Shannon—Weiner index equals
In(R). The collected data from each exclosure, based on
the parameters indicated above, ware compared to its
adjacent open land to evaluate the effect of exclosure on
species richness and diversity. The similarity between the
exclosure and open areas in their woody species vegeta-
tion was analyzed using Serenson’s Similarity Coefficient
(SSC) [25].

The above parameters were analyzed using the PAST
software package, version 4.3. Species densities, height,
and diameter at breast height (DBH) were used for
description of the vegetation structure. Descriptive sta-
tistics such as frequency distribution was done for the
data set from the two adjacent sites using SPSS software
version 21.

Results and discussion

Woody species composition among habitats

Out of the total 26 woody species and 16 families, 23, 22
and 8 woody species belonging to 14, 14, and 4 families
were recorded in exclosure, open woodland and open
degraded land areas, respectively. Of the total recorded
woody species, 19 (73.1%) were common to exclosure and
open woodland areas, while 8 (30.77%) were common to
both habitats (exclosure and open land areas of the total
sample). The results from the vegetation composition
analysis indicated that exclosure areas have the richest
woody vegetation composition than other habitats in the
study sites. Four woody species namely Dodonaea viscosa
(18.5%), Combretum collinum (18.3%), Combretum mole
(18%), and Dichrostachys cinerea (16.7%) were the most
dominant composition constituting 71.5% of the total
woody vegetation species in the exclosures. On the other
hand, Dichrostrachys cinocera (26.9%), Dodonaea viscosa
(14.2%), and Combretum collinum (10.4%) were the most
dominant composition woody species consisting 61.9%
of the total woody species in the open woodland. The
open degraded land is dominated by three woody species
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Table 1 Species composition in the exclosure, open woodland and open degraded land
No. Scientific name of species Family name Exclosure Open woodland Open degraded
land
Fr RA Fr RA Fr RA

1 Rhus ruspolii Anacardiaceae 3 03 10 13 0 0
2 Uvaria leptocladon Annonaxeae 23 2.2 4 0.5 0 0
3 Carissa spinarum Apocynaceae 13 1.3 26 33 0 0
4 Vernonia ampla Asteraceae 3 03 0 0 0 0
5 Balanites aegyptiaca Balanitaceae 0 0 10 13 0 0
6 Combretum molle Combertaceae 192 18 70 89 4 6
7 Terminalia laxiflora Combretaceae 80 75 30 38 6 9
8 Combretum collinum Combretaceae 195 18.3 82 104 8 11.9
9 Terminalia brownii Combretaceae 10 09 28 36 0 0
10 Costus afer Costaceae 6 0.6 6 0.8 0 0
M Acacia seyal Fabaceae 0 0 2 0.3 0 0
12 Albizia grandibracteata Fabaceae 58 54 46 58 4 6
13 Albizia gummifera Fabaceae 10 09 0 0 0 0
14 Dichrostachys cinerea Fabaceae 178 16.7 212 269 10 14.5
15 Piliostigmli thonningii Fabaceae 27 25 26 33 0 0
16 Prosopis juliflora Fabaceae 29 2.7 82 104 18 269
17 Flacourtia indica Flacourtiaceae 2 0.2 2 03 0 0
18 Pilostigma thonningii Legume 0 0 4 0.5 0 0
19 Ficus glumosa Moraceae 2 02 8 1 0 0
20 Ficus sycomorus Moraceae 3 0.3 0 0 0 0
21 Dodonaea viscosa Sapindaceae 198 185 112 14.2 0 0
22 Strychnos innocua Solanaceae 5 0.5 6 0.8 5 7.5
23 Grewia bicolar Tiliaceae 12 1.1 2 03 12 17.9
24 Grewia ferruginea Malvaceae 14 13 18 23 0 0
25 Vitex doniana Verbenaceae 2 0.2 0 0 0 0
26 Aloe vera Xanthorrhoeaceae 3 03 2 03 0 0

Total 1068 100 788 100 67 100

Source: Field survey results

namely Prosopis juliflora (26.9%), Grewia bicolar (17.9%),
and Dichrostachys cinerea (14.9%). Together, they con-
sisted 59.7% of the total woody species in open degraded
land (Table 1).

The study clearly demonstrated the importance of the
exclosure for the regeneration of woody species. The
results showed that the composition of woody species
regeneration in exclosure area were higher than that of
the open woodlands and open degraded land areas. This
is due to the contribution of restriction from human
and livestock interference that assisted the regenera-
tion and succession of overall vegetation and woody
species in the study site. The lower results of vegetation
composition in open wood and open degraded land
areas are attributes to the consequence of human and
livestock interferences such as illegal cutting of trees,
free or over grazing, and absence of effective keeping
system. This result is consistent with the studies that

concluded as humans modify the floristic composi-
tion and structure of forests during the process of uti-
lization for their immediate purpose of best goods and
services [26], but activities such as establishment of the
exclosure are among other factors that assist in improv-
ing the overall ecological conditions of degraded land
areas [27] and allowed regeneration of woody species.

Species richness, diversity and evenness

The value of woody species diversity depends on the level
of species richness and evenness. This study has shown
species richness in the exclosure is the higher than among
other corresponding habitats. The diversity value was
tested in both Simpsons and Shannon Weiner Diver-
sity index (Table 2). The results indicated that Simpson’s
diversity index (1-D), the diversity index value of exclo-
sure, open woodland, and open degraded land areas were
0.138, 0.167, and 0.294, respectively. Thus, the lower value
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Table 2 Woody species diversity, richness, evenness density per ha in exclosure, open wood land area and open degraded land area

Habitat types Sample (N) Simpson'’s Shannon-Weiner H' maxorLN(s) Species Evenness (J) Woody species
400 m? Diversity Index  Diversity Index (H’) richness density per ha
quadrants  (1-D) (S)

Exclosure 12 0.138 2.62 3.135 23 0.721 2225

Open woodland 12 0.167 238 3.091 22 0.770 1642

Open degraded land 6 0.294 1.56 2.079 8 0.751 279

Source: Field survey results

of (D=0.138) for exclosure indicates the higher diversity
of the woody species in a sample. The result shows that
exclosure indicate that if two individuals randomly selected
from a sample the probability that they belong to different
woody species would be higher compared to open wood
and open degraded lands. Shannon Weiner diversity index
of the wood species were 2.62, 2.38, and 1.56 for exclosure,
open woodland area and open degraded land area, respec-
tively. The values indicate that relatively more unequal
abundance of woody species in the exclosure than open
woodland area. That is there are small number of woody
species in exclosures than open woodland areas. This result
is also confirmed by evenness value. The results of evenness
value (J) of woody species were found to be 0.721, 0.770,
and 0.751 for the exclosure, open woodland and open
degraded land areas, respectively. Low evenness of woody
species in exclosure reveals that the areas are dominated by
a few woody species. This is because, of an illegal cutting
of naturally regenerated seedling with grass, planting of a
few tree species by the development program, and protec-
tion of existing shrubs and trees from illegal cutting which
resulted dominance of a few woody species in the exclo-
sure. Hence, dominance is inversely related to evenness,
the exclosure are considered to be dominated by few spe-
cies but with higher species richness than other habitats
as shown in Table 2. The result is consistent with the stud-
ies by [15, 27, 28] that showed exclosure enhanced species
richness, diversity and vegetation regeneration. This higher
proportion of woody vegetation in the exclosure suggests
the existence of an active regeneration and succession
of woody vegetation’s. This resulted due to restriction of
humans, animal interference and effective keeping system.

Similarly, the species richness, diversity and density of
woody species were significantly higher in the exclosure
than open degraded land suggesting exclosure enhanced
woody species regeneration in relatively short periods by
avoiding or minimizing human and livestock interference
in the degraded areas. Similar results from reported by
[27-29] their studies in northern Ethiopia.

Table 3 Similarity coefficient among habitat types

Habitats Exclosure Open woodland Open
degraded
land

Exclosure 1

Open woodland 0.844 1

Open degraded land 0.516 0.533 1

Source: Field survey results

Woody vegetation similarity

The Sorensen’s similarity coefficients of the study area
were 0.844 (84.4%), 0.516 (51.6%) and 0.533 (53.3%)
between exclosure and open woodland, between exclo-
sure and open degraded land and between open wood-
land area and open degraded land woody vegetation
similarity, respectively (Table 3).

There is similarity of woody species regeneration across
the exclosure and woodland of study sites. This similar-
ity may be due to altitudinal range, geographic location,
climatic conditions and the woody vegetation composi-
tion. There is variation of woody species composition
between exclosure and open degraded and. This in turn
may be due to exclosure developments, which increases
the species regeneration by protecting from human and
livestock interferences. The composition of woody spe-
cies similarity across the sites is also not even. There is
variation among exclosure, open woodland and open
degraded lands, because the exclosure is supported by
protection that made the rich in species composition.

Density of woody species in life form

The density of woody species defined in this study as
number of stems per hectare of all woody species in life
form. The density of woody vegetation was 2225 ha™?,
1642 ha™!, and 297 ha™! for exclosure, open woodland
and open degraded land area, respectively. This result
is line with [6, 10, 30] that the density of woody species
inside the exclosure had significantly difference from
open grazing land. Of the total density of all woody spe-
cies, the proportion of seedling is greater than sapling,
shrubs and trees in the exclosure as shown in Table 4
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Table 4 Density of woody species composition by life form and total density between habitats ha™'

Habitat Seedlings ha™’ Saplings ha~ Shrubs ha™' Treesha™' Total
density
ha™’

Exclosure 939.6 (42.22%) 2354 (14.98%) 516.7 (18.82%) 543.8 (24.4%) 2225

Open woodland 377.1 (22.97%) 116.7 (7.11%) 387.5 (23.60%) 760.4 (46.32%) 1642

Open degraded land 46 (15.5%) 42 (14.1%) 83 (28%) 108 (36.4%) 297

Source: Field survey results
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which is considered as successful restoration for vegeta-
tion. This is supported by findings of other study report
by Fikadu and Argaw [15], who found a high propor-
tion of seedling than others in exclosure. Total density
of woody in exclosure significantly exceeds the density
of their relatives in open woodland and degraded land.
this replies that exclosure resulted in the best growth
potential to the next generation in study site. This result
is in harmony with a study by Birhane [29] who con-
cluded that exclosure increased woody species density in
Ethiopia.

Regeneration of woody species between habitats

and within habitats

The presence of each vegetation categories like seedling,
sapling, tree and shrub in all sites indicated the regenera-
tion potential of the sites. Based on the regeneration sta-
tus of 26 different woody species composition exclosure
showed highest density of trees. Open woodland showed
the highest seedling but less survival of sapling. The open
degraded land has least density of seedling and sapling as
shown in Fig. 2. This indicates that the land in the past
was woodland and gradually it changed to present level
of vegetation through disturbance and which negatively
affected the regeneration status of the degraded land area.

Diameter at breast height (DBH) and height of woody
species
The DBH classes were divided into seven classes from
DBH 0.1-5 cm to DBH 30.1-35 c¢m classes in three
habitats. The DBH class distribution of exclosure rev-
eled up to six classes. The DBH distribution analysis of
woody species result in this habitat has shown that the
DBH class constituted the majority of woody species
densities per ha (compared to the other two) habitats.
The density of woody species in exclosure was
the highest from other habitats and all DBH classes
except the first class (Fig. 3). This indicates that exclo-
sure activity enhanced woody species regeneration.
Exclosure promoted species density and protection
from interference improved diameter size. The pat-
tern of DBH class distribution in exclosure revealed
an inverted J-curve distribution which indicates a
good potential for recruitment, reproduction and high
degree of woody vegetation heterogeneity of the for-
est [31]. The result is in line with [32] that exclosure
ensures the probability of plant growth to high diam-
eter size which will enhance the probability of seed-
bearing plants for seed dispersal and germination to
seedlings which enhance future regeneration. How-
ever, drawing out of high diameter class and trees for
by local people exist in study site. The predominance
of small-sized individuals of the forest also shows that
bigger trees were possibly removed for various pur-
poses [33, 34]. In open woodland a sharp decline of first
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DBH class to the second class affected the inverted ]
shape slightly. However, the density distribution of veg-
etation in open degraded lands has not shown inverted
or normal | shape pattern of distribution due to higher
level of disturbance.

Height classes were divided into five height classes
from 0.1 to 2 m to above 15 m classes based on meas-
urement results (Fig. 4). The entire seedling, saplings and
some of the shrubs less than 2 m height were recorded in
lower height classes in all study habitats.

The tree height analysis result has shown that the tree
height% density distribution decreased with an increase
in height class showing inverted ] shape pattern of dis-
tribution in exclosure. This implying that the majority of
the species had the highest percentage of individuals at
low height classes with a gradual decrease towards high
height classes. This has indicated exclosure development
and management enhancing woody species regenera-
tion and important means of solution for rehabilitation
of degraded vegetation. This result is similar to the find-
ings of other studies [35, 36] that height% density dis-
tribution decreased with an increase in height class that
show healthier recruitment process and the population
dynamics of the woody species under the study area.
Open woodland has shown the highest number of den-
sity per ha in the lowest height class only. However, open
woodland higher height class from 5.1 to 15 m trees dis-
tribution has shown much declined density and signifi-
cantly affected by disturbance. This show illegal cutting
of tree affected open woodland, which affect seed bearing
woody species and future regeneration at risk.

Conclusion and recommendations

Conclusion

The research was conducted in Zima Waruma site of
Loma Bossa District in Dawro zone, Southwestern Ethi-
opia with the aim of determining the role of exclosure
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on woody species regeneration through field vegetation
assessment of woody species and comparing among
exclosure, open woodland area and open degraded land
in the study site. The results of this study showed that
exclosure had the highest woody species compositions,
richness, density per ha, and woody species regen-
eration than open woodland area and open degraded
land. Exclosure showed low evenness and the highest
woody species composition similarity. The exclosure
had shown the higher Simpson’s and Shannon Weiner
Diversity Index value than open degraded land area.
The density of saplings and trees/shrubs composition
in exclosure significantly exceeds the density of their
counterparts in open woodland and degraded land.
Exclosure showed the highest woody regeneration than
corresponding open woodlands and degraded land.
This indicated exclosure development could enhance
woody species diversity than open degraded area. The
DBH and height class in exclosure had shown the high-
est density distribution of woody species among other
habitats in all DBH class except the first class. Exclo-
sure showed inverted ] shape pattern of woody species
distribution in both DBH and height class.

Recommendations

Exclosure should be one of the development options
to solve the land and woody vegetation degradation in
the study site. The effect of exclosure on woody species
regeneration enhanced natural regeneration, woody
species composition and richness compared to other
habitats in study area. As a result, exclosure develop-
ment and conservation options should be practiced at
similar agro-ecological zones to sustainably manage,
utilize vegetation resource in general and conserve the
endangered woodland area species in particular. As a
result, additional plantation with indigenous and fast-
growing species, integrating soil and water conserva-
tion, water harvesting trenches and micro-basin should
be introduced to improve the natural regeneration sta-
tus and maximize diversity of woody species. Planta-
tion of fast- growing multipurpose tree and shrubs,
agroforestry in homestead area for household energy,
construction material and forage should be considered
for future sustainability of exclosure for more success of
regeneration.

Finally, further detailed study is needed on the impact
of exclosure on soil environment and soil seed bank,
watershed development, wildlife, sustainable use of
wood and non-wood products from exclosure, as well
as ethno-botanical value and different uses of regener-
ated woody species in exclosure.



Ambushe et al. BMC Ecology and Evolution (2022) 22:111

Acknowledgements

We are grateful to the Dawro zone and Loma Bosa Woreda Agriculture and
rural Development office. For permission to conduct research in Loma Bosa
Woreda. We are greatly indebted to many experts and field assistants who
have contributed to data collection.

Author contributions
All authors equally contributed in this study from data collection up to manu-
script preparation. All authors read and approved the final manuscript.

Funding
The authors received no funding for this work.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Authors declare that there is no information related with an experiment on
humans and/or the use of human tissue samples in this paper. Plant woody
species data were collected from filed following agreed consent with Dawro
zone and Loma Bosa District agriculture and natural resource offices. Identifi-
cation of the wood species was conducted by experts specialized in forestry
science. Entire research methods were performed in accordance with the
relevant guidelines and regulations issued by Hawassa University institutional
research ethics committee (IREC).

Consent for publication

Authors give permission to publisher to publish data, results and images
included in the manuscript. For all images included in this paper, informed
consent has been obtained to publish theirimage or other information.

Competing interests
The authors declare that they have no competing interests.

Author details

'Bureau of Agriculture, Southern Nations Nationalities and Peoples Regional
State, RLLP Il PROGREEN PROJECT, Hawassa, Ethiopia. 2Faculty of Environment,
Gender and Development Studies, Hawassa University, Hawassa, 05, Ethiopia.
3The Japan Society for the Promotion of Science (JSPS) Postdoctoral Research
Fellowship Program, Ritsumeikan University, Kyoto 603-8577, Japan. *Col-
lege of Agriculture, Wolaita Sodo University Dawuro Tarcha Campus, Tarcha,
Ethiopia.

Received: 22 June 2022 Accepted: 20 September 2022
Published online: 29 September 2022

References

1. Gao J, LiuY. Determination of land degradation causes in Tongyu County,
Northeast China via land cover change detection. Int J Appl Earth Obs
Geoinf. 2010;12(1):9-16.

2. Nkonya E, Johnson T, Kwon HY, Kato E. Chapter 4: Economics of land
degradation in sub-Saharan Africa. In: Nkonya E, Mirzabaev A, von Braun
J, editors. Economics of land degradation and improvement—a global

assessment for sustainable development. Cham: Springer; 2016. p. 55-84.

3. Mganga KZ, Musimba NKR, Nyariki DM. Combining sustainable
land management technologies to combat land degradation and
improve rural livelihoods in semi-arid lands in Kenya. Environ Manag.
2015;56(6):1538-48.

4. Yirdaw E, Tigabu M, Monge Monge AA. Rehabilitation of degraded
dryland ecosystems—review. Silva Fenn. 2017;51(1):1-32.

5. Manaye A, Negash M, Alebachew M. Effect of degraded land rehabilita-
tion on carbon stocks and biodiversity in semi-arid region of northern
Ethiopia. For Sci Technol. 2019;15(2):70-9.

6. Asmare TM, Gure A. Effect of exclosure on woody species diversity and
population structure in comparison with adjacent open grazing land:

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

Page 9 of 10

the case of Jabi Tehnan District north western Ethiopia. Ecosyst Health
Sustain. 2019;5(1):98-109.

Blay D, Bonkoungu E, Chikamai B. Rehabilitation of degraded lands in
sub-Saharan Africa: lessons learned from selected case studies. Forestry
Research Network for SSA. International Union of Forest Research Organi-
zations (IUFRO); 2004.

Betru N, Jawad A, Ingrid N. Exploring ecological and socio-economic
issues for the improvement of area enclosure management: a case study
from Ethiopia. DCG Report; No. 38. 2005.

Mekuria W, Aynekulu E. Exclosure land management for restoration of
the soils in degraded communal grazing lands in northern Ethiopia. Land
Degrad Dev. 2013;24:528-38.

Teketay D, Kashe K, Madome J, et al. Enhancement of diversity, stand
structure and regeneration of woody species through area exclosure:
the case of a mopane woodland in northern Botswana. Ecol Process.
2018;7:5.

. Gebre G, Fikadu G, Ambushe AA, Ambushe A, Rahut BD. Factors influenc-

ing the adoption of area closure practices in Loma Bosa District of Dawro
Zone, Southwestern Ethiopia. J Sustain For. 2022. https://doi.org/10.1080/
10549811.2022.2043168.

Gebre GG, Isoda H, Rahut BD, Amekawa Y, Nomura H. Gender differences
in the adoption of agricultural technology: the case of improved maize
varieties in southern Ethiopia. Women's Stud Int Forum. 2019;76:102264.
Wo ANR. Population of Lomma Woreda by Kebele. Lomma Woreda Office
of Agriculture and Natural Resource Development; 2017.

Seid M, Desta AB, Zewdu T. Effect of range land vegetation degradation
on livestock and socio-economics status of the pastoralists, Afar regional
state, northern Ethiopia. J Dryland Agric. 2020;6(3):17-27.

Fikadu A, Argaw M. Impact of exclosures on woody species diversity in
degraded lands: the case of Lemo in Southwestern Ethiopia. Heliyon.
2021;7(4):06898.

Birhane E, Teketay D, Barklund P. Enclosures to enhance woody spe-

cies diversity in the dry lands of eastern Tigray, Ethiopia. East Afr J Sci.
2007;1(2):136-47.

Bekele A. Useful trees and shrubs of Ethiopia: Identification, propaga-
tion, and management for 17 agroclimatic Zones. Eastern Africa Region:
RELMA in ICRAF Project. World Agroforestry Centre; 2007.

Edwards S, Hedberg . Flora of Ethiopia: Pt. 1. Magnoliaceae to Flacour-
tiaceae, vol. 2. Addis Ababa: National Herbarium, Biology Department,
Science Faculty, Addis Ababa University; 2000.

Bekele A. Useful trees and shrubs for Ethiopia: Identification, propagation
and management for agricultural and pastoral communities. Nairobi:
Regional Soil Conservation Unit, Swedish International Development
Authority; 1993.

Getseselassie H. Effects of exclosure on environment and its socioeco-
nomic contributions to local people: in the case of Halla exclosure,
Tigray, Ethiopia. Master Thesis, Norwegian University of Life Science,
Norway; 2012.

Lai J, Mi X, Ren H, Ma K. Species-habitat associations change in a sub-
tropical forest of China. J Veg Sci. 2009;20(3):415-23.

Chauhan PS, Negi JD, Singh LO, Manhas RK. Regeneration status of Sal
forests of Doon Valley. Ann For. 2008;16(2):178-82.

Simpson E. Measurement of diversity. Nature. 1949;163:688.

Shannon CE, Weiner W. The mathematical theory of communication.
lllinois, Chicago. USA. 1949.

Kent M. Vegetation description and data analysis: a practical approach.
2nd ed. Chichester: Wiley; 2012. p. 438.

Wiersum KF. From natural forest to tree crops, co-domestication of forests
and tree species: an overview. Neth J Agric Sci. 1997;45:425-38.
Mengistu T, Teketay D, Hulten H, Yemshaw Y. The role of enclosures in the
recovery of woody vegetation in degraded dryland hillsides of central
and northern Ethiopia. J Arid Environ. 2005;60:259-81.

Giday K. Woody biomass estimation in community managed closed
areas in Tigray: implications to sustainable management and utilization.
Uppsala: Swedish University of Agricultural Sciences; 2002.

Birhane E. Actual and potential contributions of enclosures to enhance
biodiversity in drylands of eastern Tigray: with particular emphasis on
woody plants. Doctoral dissertation, Swedish University of Agricultural
Sciences; 2002.


https://doi.org/10.1080/10549811.2022.2043168
https://doi.org/10.1080/10549811.2022.2043168

Ambushe et al. BMC Ecology and Evolution (2022)22:111 Page 10 of 10

30. Girma M, Yosef M, Afework B. A comparison of terrestrial bird community
structure in the undisturbed and disturbed areas of the Abijata Shalla
Lakes National Park, Ethiopia. Int J Biodivers Conserv. 2011;30(9):389-404.

31. Shibru S, Balcha G, Composition. Structure and regeneration status of
woody species in Dindin Natural Forest, Southeast Ethiopia: an implica-
tion for conservation. Ethiop J Biol Sci. 2004;1(3):15-35.

32. Teketay D. Seedling populations and regeneration of woody species in
dry afromontane forests of Ethiopia. For Ecol Manag. 1997;98(2):149-65.

33. Senbeta F, Teketay D. Diversity, community types and population
structure of woody plants in Kimphee forest, a unique nature reserve in
southern Ethiopia. Ethiop J Biol Sci. 2003;2(2):169-87.

34. Senbeta F, Teketay D, Naslund B. Native woody species regeneration in
exotic tree plantations at Munessa-Shashemene Forest, southern Ethio-
pia. New Forest. 2002;24:131-45.

35. Tesfaye G, Teketay D, Fetene M. Regeneration of fourteen tree species in
Harenna forest, southeastern Ethiopia. Flora. 2002;197:461-74.

36. Eyasu G, Tolera M, Negash M. Woody species composition, structure, and
diversity of homegarden agroforestry systems in southern Tigray, North-
ern Ethiopia. Heliyon. 2020;6(12):e05500.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Does exclosure restore woody species regeneration in degraded lands? The case of Loma Bosa District of Dawuro zone, Southwestern Ethiopia
	Abstract 
	Introduction
	Materials and methods
	Description of the study area
	Sampling and data collection techniques
	Sampling techniques
	Data collection method and sample size

	Data and analysis

	Results and discussion
	Woody species composition among habitats
	Species richness, diversity and evenness
	Woody vegetation similarity
	Density of woody species in life form
	Regeneration of woody species between habitats and within habitats
	Diameter at breast height (DBH) and height of woody species

	Conclusion and recommendations
	Conclusion
	Recommendations

	Acknowledgements
	References


