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Abstract: As a countermeasure to deforestation and forest degradation, there are many forests
restoration practices with area exclosures. However, there has been limited scientific investigation
of the biophysical status of the restoration practice to show whether it is successful or not for
further interventions. Thus, this study aims to evaluate the impacts of forest restoration with area
exclosures on vegetation and soil-property-changing aspects. The method followed the concept
of forest restoration based on selected indicators and comparison against best practices. For this
purpose, three districts in three agro-ecologies were selected. In each district, one exclosure, adjacent
church forest, and adjacent grazing land were selected. Then, vegetation data and soil data were
collected and analyzed using different diversity indices. Descriptive and inferential statistics were
applied for data analysis with R.Vr.3.1. The result revealed that there was a significant difference
(p < 0.03) in vegetation composition, biomass, and soil attributes across land use and agro-ecology.
In terms of wood density, area exclosures were recorded with the highest (1963 trees ha−1) wood
density, followed by church forests (1079 trees ha−1) and grazing lands (501 trees ha−1). The highest
species diversity was observed in church forests (1.53), followed by area exclosures (1.42) and
grazing lands (0.64). Area exclosures show higher similarity (60%) with grazing lands than church
forests (45%). Abundant woody species, herbs, and litter biomass were recorded in church forests
(1320.8- and 1.8-ton ha−1), followed by exclosures (613- and 1.69-ton ha−1) and grazing lands (415-
and 0.78-ton ha−1), respectively. In terms of soil property, church forests recorded the best loam sand
and better AvP, Organic Matter, and total nitrogen, followed by exclosures and grazing lands. All
the above vegetation and soil parameters indicate that area exclosures show intermediate values
between church forests and grazing lands. Therefore, forest restoration with area exclosures is the
better tool for degraded forest restoration. Further research is required to understand the ecosystem
services of area exclosures and the trajectory of successional changes in vegetation composition and
soil parameters of the area exclosures.

Keywords: deforestation; restoration; exclosure; church forest; grazing land; vegetation composition;
soil attributes

1. Introduction

In the dryland parts of Ethiopia, there is distinctive vegetation adapted to moisture
stress climate. These forests are mostly tropical dry forests, which are dominated by
woody plants—primarily trees. The canopy covers more than 10% of the ground surface,
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occurring in climates with a long dry season [1] Among nine forest types in Ethiopia, most
are classified under dry forest [2]. The dry woodlands in Ethiopia are known for their
valuable nontimber forest products (NTFPs). In addition, these dry forests have a very
crucial role in climate regulation, fodder, and nontimber products (gum and resin), which
increase the farmer’s adaptive capacity through diversified livelihoods [3]. Despite this
fact, nowadays, the dry forest is under threat and heavy pressure due to clearance for
firewood, expansion of cash crops, and new settlements; consequently, they are shrinking
over time. According to [1], in drylands, there is high climate variability, frequent drought,
and occasional floods; thus, rain-fed crop production is not sustained. As a result, the
population has overexploited the dry forests for nontimber products and converted the dry
forestland to agricultural land. This is mainly associated with the high population pressure
and the increasing need for new agricultural land and additional sources of biomass energy.

This accelerated deforestation resulted in soil erosion, loss of biodiversity, disruption
of the way of life of forest dwellers, shortage of wood (fuelwood, timber), the inadequacy of
nontimber products, and affected the hydrological regime of an area and the CO2 balance
in the atmosphere. Generally, deforestation has far-reaching local and global consequences
such as climate change and biophysical changes that, in turn, have environmental, social,
and economic impacts, with immediate effects on communities that depend on forests for
part or their entire livelihood [4]. This calls for urgent intervention by different approaches
such as restoration, rehabilitation, and reclamation of degraded forest with area exclosures,
agroforestry practice, afforestation, and reforestation [4]. Habitually, the ecosystem that
requires restoration has been degraded, fragmented, transformed, or destroyed as the direct
or indirect result of human activities [5,6].

Ecological restoration presents complex and poorly understood implications for the
structure and composition of future forests, landscapes, and fauna. The outcomes of a
particular restoration are as follows: restoration of soil fertility for agricultural or forestry
use, production of timber and nontimber forest products, or recovery of biodiversity and
ecosystem services [7]. Ecological forest restoration is mostly practiced in the form of area
exclosures. The investigator [8] explained that area exclosure and protecting an area of
open grazing land from human use is an important practice in Ethiopia to permit natural
rehabilitation, enhanced by additional vegetative and structural conservation measures.
Restoration of a forest with area exclosure practices should be evaluated with selected
indicators that are in line with environmental, social, and economic objectives of exclosures.
This is important to realize the trajectory of vegetation change from open grazing land to
the reference forest mediated by exclosure. The trajectory or the status of area exclosure
evaluated by selected indicators may be a resemblance to the reference forest or open
grazing land. Specific and measurable indicators are needed to help evaluate whether the
restoration practices succeed or fail; this evaluation should include the outcomes (increased,
decreased, maintained), the magnitude effect (plant cover, diversity, biomass, etc.), and the
period (time) related to the reference site [1]. This information is important for development
practitioners for further scaling up.

There are many forests restoration practices with area exclosures in the northern,
degraded lands of Ethiopia. The restoration works through area exclosures in the study
area are not well scientifically evaluated. The status and trajectory of area exclosures with a
reference or church forest sites are not well-known. What is the status of the restoration
works biophysically—successful or failed? There is no well-documented scientific evidence
for further intervention. This is because there is limited synthesis and methodological re-
search available to develop indicators and evaluation criteria. Due to this, the determinants
for success and failure of forest restoration with area exclosures have not been identified in
the study areas. Thus, this research was designed to evaluate the impacts of exclosures on
vegetation dynamics and some soil attributes after passive restoration intervention and
develop the conceptual framework for the evaluation of forest restoration practice.



Environ. Sci. Proc. 2022, 13, 14 3 of 18

2. Methodology
2.1. Description of the Study Area

The study was conducted in the Waghemira and North Wollo zones in the Amhara
region on three selected districts (Lasta, Sekota, and Abergele) (Figure 1). Lasta district is
one of the administrative districts in North Wollo Zone, which is geographically located
at 12◦35′31” N latitude and 39◦04′30” E longitude. Sekota is one of the districts of the
Waghemira Zone located at 12◦0′22” N latitude and 39◦0′58” E longitude. Abergele is one
of the districts of Waghemira Zone located at 13◦4′42” N latitude and 38◦53′29” E longitude
(Table 1).
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Table 1. Characteristics of the study area.

Attributes Highland (Lasta) Mid-Altitude (Sekota) Lowland (Abergele)

Altitude (m.a.sl.) 2129 to 3600 1340 to 2200 500 to 1300
Rainfall (mm) 500 to 1000 350 to 700 250 to 750

Temperature (◦C) 24.5 16 to 27 23 to 43
Soil Eutric Cambisols (51%) Umbric Leptosols (52%) Eutric Leptosols (29%)

Agro-ecology Dega (52.7%) Woyena-Dega (65%) Dry Kolla (55%)
Topography Chain of mountains, hills ad cliffs
Vegetation bushy woodlands and forest only at churches

Area of Selected Exclosure 9.8 ha 3 ha 3.268 ha
Area of Selected Church forest 54 ha 8.87 ha 11.35 ha

Area of Selected Grazing 8.5 ha 2 ha 6.7 ha
Age of Exclosures 10 years 10 years 10 years

2.2. Sampling and Data Collection

Three districts (Lasta, Sekota, and Abergele) of different agro-ecological zones (High-
land, mid-altitude, and lowland, respectively) were selected purposively. The agro-
ecological classification of the study district is based on [9].
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Then, in each agro-ecology (districts), one area exclosure, one adjacent grazing land,
and one adjacent church forest (reference) were selected purposively. The criteria for
selection were the presence of exclosure intervention and their accessibility at the same age
(10 years).

Vegetation data were collected from quadrats, which were placed in systematic random
sampling. The size of the quadrats was 20 m by 20 m square for tree inventory, 10 m by
10 m for sapling inventory, and 5 m by 5 m for seedling inventory. The distance between
the quadrats on the transect was 250 m and the distance between parallel transects was
200 m [10].

Soil samples were collected at the four corners and the middle of the main quadrats
at three different depths (0–10 cm, 10–20 cm, and 20–40 cm) with auger technique and
composited with a plastic bag. Then, soil samples were analyzed at the laboratory following
appropriate laboratory procedures.

For evaluation of woody vegetation species, the local name, common name, and
scientific name at each quadrat were recorded. The height of trees was measured with
Hypsometer. The diameter of trees was taken at 1.3 m (DBH) and 0.6 m with caliper and
diameter tape. Different tree growth stages of trees with DBH of >2.5 cm and height >2.5 m,
sapling with DBH < 2.5 cm and height 1 m < h < 2 m, and seedling with DBH < 2.5 cm and
height <1 m was recorded at each quadrat [10].

The soil sample was taken at four corners and the center of the main quadrate by
disturbed sampling technique with an auger at different depths. Then, we composited all
soil samples by different land use and different soil depth. After that, 1 kg of soil sample
was taken from the composite sample after appropriate mixing for laboratory analysis of
texture, pH, soil organic matter, available phosphorus, and total nitrogen.

2.3. Data Analysis

The vegetation indicators were analyzed by biodiversity indices such as the Shan-
non diversity index (H′), species similarity index, and species evenness index [11]. The
species similarity was analyzed by Sorenson’s Coefficient [12]. The species’ evenness was
analyzed with Evenness index = H′/log S. [13]. The Flora of Ethiopia and Eritrea books
helped with species identification. The aboveground biomass of woody species having
the DBH > −5 cm was calculated by [14]. The wood-specific density of woody species was
taken from [15] guidelines.

To simplify the process for estimating below-ground biomass, it is recommended that
a root-to-shoot ratio value of 1:5 is used—that is, to estimate below-ground biomass as 20%
of aboveground tree biomass [16,17].

For Litterfall, Herb, and Grasses (LHG) based on [18].
The soil attributes were analyzed at Sekota agricultural research Center soil laboratory

based on the procedure of soil and plant analysis [19]. Then, the soil sample laboratory
result was compared with soil critical values [20,21]. Finally, all vegetation and soil attribute
data were summarized and tested by SPSS for one-way ANOVA (at alpha = 0.05).

3. Results and Discussion
3.1. Vegetation Diversity and Composition

High woody species density (1660–2265 stem ha−1) in exclosures was recorded, fol-
lowed by church forests (717–1440 stem ha−1) and grazing lands (152–850 stem ha−1)
(Figure 2, Appendix A Table A1). The exclosure has better stem density than church forest
and grazing land. This is because of the open space, which provides favorable conditions
for the regeneration of light-demanding species and means there is no competition for
light due to upper strata vegetation; thus, scrub vegetation starts to grow. As a result, the
number of stems increases in exclosures.
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Figure 2. Woody species density.

Therefore, excluding open grazing land from livestock and human interference is a
better strategy for natural regeneration. The better natural regeneration facilitates forest
restoration. This idea is similar to that of [22] in Tigray and northern Ethiopia; [23] in
northeast Ethiopia and South Wollo; and [24] in central Ethiopia and north Shoa, who
found that area exclosures increase the vegetation density. All above scholars approved
that excluding livestock from open grazing land in an area exclosure increases natural
regeneration, leading to natural forest restoration. Overgrazing (browsing and trampling)
destroys the newly emerged seedlings and saplings. There is a similar argument [25] in
a review of works on effects of area exclosures in different parts of Ethiopia, in which
exclosure recovers vegetation better than open grazing lands over 5 to 10 years of the
exclosure. Furthermore, many studies [26–28] argued without reservation that wood
density, diversity, and regeneration of vegetation recovered after the area was excluded
from anthropogenic disturbances.

The highest number of species (7–16) was recorded in exclosure forest, followed by
church forest (11–12) and open grazing land (3–5). The number of species was low at
mid-altitude but similar at lowland and highland areas (Figure 3).
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Figure 3. Species richness of different land uses at different sites.

Species diversity was high (0.78–2.27) in church forests, followed by exclosures
(1.1–1.73) and open grazing lands (0.48–0.8). The dominance and evenness index is highest
in church forests, followed by exclosures and open grazing lands (Table 2).
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Table 2. Species diversity and evenness in different land use and agro-ecology.

Agro-Ecology Land Use Species Diversity (H′) Evenness (E)

Highland Church forest 2.04 0.3
Exclosure area 1.2 0.16
grazing land 0.8 0.15

Mid-altitude Church forest 2.27 0.9
Exclosure area 1.73 0.79
grazing land 0.78 0.48

Low land Church forest 2.3 0.95
Exclosure area 1.1 0.5
grazing land 0.48 0.3

Exclosures have the highest species richness compared with church forests and grazing
lands. This is because in exclosures there is open space, and low trampling and other
disturbances. Therefore, the dormant species from the soil seed bank start to regenerate.
On the other hand, there is seed dispersal by wind and wild animals from near-natural
forests or church forests.

According to [11] species diversity index, the church forests have a good range (2 to
2.4) and exclosures have a medium-range (1 to 1.5), but open grazing lands are below the
minimum range (<1) of species diversity index (Table 2). [29] evenness index ranged from
zero to one, where close to one means all species evenly distributed, while close to zero
means few dominant species control the community. In exclosure and church forest species,
evenness is close to one, which means the species have a chance for special distribution;
however, in open grazing lands, evenness indexes are close to zero, at which few highly
stress-resistant species are dominant.

In church forests, light-demanding species have no chance to germinate because of
the close space of the upper canopy. In exclosures, there is enough open space; thus,
light-demanders start to germinate. Therefore, exclosures have optimum species diversity,
which may increase with the age of exclosures, but the upper canopy will still be closed.
In open grazing lands, there are few dominant species presented that resist grazing stress.
Thus, species diversity is very low. Similarly, [29] conclude that in the northern highlands
of Ethiopia, species diversity increases in open grazing land from 0.5 to 1.8 after exclosures.
This idea is also supported by [30] in central and northern highlands, who showed that
exclosures have twice the species diversity of open grazing land. Therefore, the species at
dormancy in open grazing land regenerate due to seed dispersal by wildlife after the area
is enclosed. Thus, enclosed open grazing land increase the species diversity and species
richness. Many studies approved [26,27,31–35] that species diversity and species richness
increased after the degraded forest area was excluded for overexploitation.

The highest species similarity is between exclosures and open grazing lands (0.4–0.8),
followed by church forests and exclosures (0.3–0.6). High species similarity was also
recorded at mid-altitude areas (0.6–0.8), followed by highland (0.24–0.6) and lowland areas
(0.24–0.4) (Figure 4).

The similarity index ranges from 0 to 1; close to one means there is high similarity
and close to zero means there is low similarity [12]. The similarity values of church forests
vs. exclosures and exclosures vs. open grazing lands at mid-altitude and highland areas
are close to one. However, in lowland areas, the similarity between church forests and
exclosures is close to zero. The enclosed forest has species similarity midway between
church and open grazing land, as the trajectory from degraded grazing land area references
adjacent church forest in highland and mid-altitude areas but not in lowland areas. After
exclosure, the species become regenerated and have a trajectory to the nearest protected
forest from the seed bank and the composition close to the church forest, leading to dissimi-
larity with grazing lands. This is because, in grazing lands, the forest becomes continuously
degraded and its composition is continuously lost. This idea is similarly argued in the
literature [27,36–38], where the similarity of species composition is closely related to distur-
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bances, management, and close latitudinal location; specifically, the similarity of species
composition of area exclosures correlates with the nearest reference site.
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3.2. Population Structure and Regeneration Status

In highland areas, Junipers procera and Olea europea are the dominant species in churches
with inverted J-shaped population structures, while in exclosures, Dodonia angostifolia
and Rhus glotinos are the dominant species having hump-shaped (unimodal) population
structures. Similarly, the overall church forest in the highland area has an inverted J-shaped
population structure (Table 3). There are no dominant species in grazing land. However,
their overall population structure shows a J-shaped structure, having only a few big trees
with no seedling and sapling population.

Table 3. Population status in different DBH-classes in highland study areas.

DBH Classes (cm)
Number of

Individuals in
Church Forests

Number of
Individuals in

Area Exclosures

Number of
Individuals in
Grazing Lands

1–14 765 1313 38
15–29 260 25 50
30–44 90 50 88
45–59 75 6 0
60–74 20 13 0
>75 70 0 0

The lower DBH population of the species is found where there is open space, while in
the dense forest inside the church forest there is low regeneration and only big trees are
present. The seedlings and saplings of these species are found at the border where there
is open space. These species are light-demanders; therefore, the regeneration is only at
the border and open space. Rhus glutinosa and Dodonia angostifolia are dominant species in
exclosures in highland areas. Dodonia angostifolia is a pioneer species that regenerates first
in exclosures. This shows that the species are regenerated from soil seed bank or dispersal
after the area is enclosed. All species in exclosures at the highland areas have an inverted
J-shape structure, showing that most populations are at the sapling stage (Table 3). This is
due to open space, conditions being favorable for light-demanders, and exclosures being
young. In grazing land in the highland areas, there are few stressed trees in the DBH range
of 14–20 cm. The population structure is a J-shape structure indicating low regeneration
(Table 3). The regeneration may be affected by grazing disturbances.

In mid-altitude areas, Dodonia angostifolia and Olea europea were dominant species in
the churches with inverted J-shape population structures. Overall, the church forest in
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mid-altitude areas has an inverse J-shape structure. In churches, most populations are
found in DBH range 3–20 cm and there are few big trees (Table 4).

Table 4. Population status in different DBH classes in mid-altitude study areas.

DBH Classes (cm)
Number of

Individuals in
Church Forests

Number of
Individuals in

Area Exclosures

Number of
Individuals in
Grazing Lands

1–5 125 1138 175
5.1–15 200 850 675

15.1–30 250 163 50
30.1–45 13 0 0
>45.1 50 0 0

In exclosures, Dodonia angostifolia is the only dominant species having a J-shaped
structure (Table 4). In exclosures, most trees are found in the 3–4 cm DBH range, which are
newly regenerated after an area is enclosed. However, there are no dominant species in
grazing land. Acacia etbaica and Euclea divinorum are remnants of shrubs in grazing land,
which resist the grazing and other disturbance stresses (Table 4).

In lowland areas, Diospyros mesifiliformis and Oncoba spinosa were the dominant species
in churches with a J-shape population structure. Most trees in the church and grazing
land have DBH > 10 cm. This shows that there is low regeneration in churches and
grazing land (Table 5), while in exclosures, Acacia asks and Adansonia digitata were the
dominant species. Acacia ask has an inverted J-shaped structure and Adansonia digitata
has a J-shape structure.

Table 5. Population status in different DBH-classes in the lowland study areas.

DBH Classes (cm)
Number of

Individuals in
Church Forests

Number of
Individuals in Area

Exclosures

Number of
Individuals in
Grazing Lands

<10 250 1313 2500
10.1–20 100 344 275
21.1–30 113 88 45
30.140 38 38 20

>41 238 50 10

In lowland areas, there is low regeneration in exclosures. The lowland grazing has
an inverted J-shape structure (Table 5). There are only a few big trees without seedling
and sapling populations in grazing lands; this means there is no regeneration in open
grazing land.

In terms of regeneration, exclosures have high seedling and sapling populations while
church forests and grazing lands have low seedling and sapling populations. At highland
areas, church forests have J-shaped, exclosure forests have inverted J-shaped, and open
grazing lands have J-shaped population structures. At mid-altitude areas, the same trend to
highland areas is followed, but at exclosures, there is a high sapling population. In lowland
areas, the regeneration status is very low; this means a very low seedling population and,
thus, the population structure is J-shaped (Figure 5).

At churches, the upper canopy affects the regeneration, so the population is only
competent trees. It is an indicator of an unbalanced community. Junipers procera and
Olea european are dominant species in most church forests in the highlands of Ethiopia.
However, there is low regeneration because of the low open space and high trampling
effect of livestock. This idea is similar to that of [39], who found that in highland parts
of North Wollo, Junipers procera and Olea european are common dominant species having
J-shaped structures. There are only big trees in dense forest, and there are low seedling and
sapling populations. In exclosures, the population structure is an inverted J-shape structure,
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which means there is a high population of seedlings and saplings. This is an indicator
of a healthy community. The exclosure was open grazing land before its establishment.
After the exclosure was made, the stressed vegetation started to grow and support natural
regeneration as a nurse tree. The space is open, helping to regenerate light-demanders.
Thus, the population of exclosure is in the order of seedling > sapling > tree. This idea is
supported by [30] in degraded hillsides of central and northern Ethiopia, [22] in northern
Ethiopia, and [23] in northeast Ethiopia, showing that the population structures follow an
inverted J-shape if there are no livestock interferences, meaning they have been properly
protected and managed as area exclosures. Therefore, an area exclosure restores the normal
and healthy community after the open common grazing land is excluded from livestock and
human interference. Vegetation structure and population status are the key determinant
indicators of given forest resources that indicate the health and integrity of the forest
ecosystem. Many studies [25,38,40] use this indicator to evaluate the trajectory of area
exclosures biophysically. Vegetation structure and population status recover after area
exclosure, indicating that the conservation goal of restoration has been achieved. The idea
is similar to those of previous studies [36,41], where after the degraded forest is enclosed,
the vegetation structure become an inverted J-shape with ample natural regeneration.
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Figure 5. Regeneration status of woody species across different land uses.

3.3. Biomass

The highest WBM (613–2594-ton ha−1) was recorded in lowland, followed by high-
land (8.7–148.5-ton ha−1) and mid-altitude (9.9–47.13-ton ha−1). In terms of land use,
the WBM was high in church forests (47.13–2594.5-ton ha−1), followed by exclosures
(12.3–613.4-ton ha−1) and grazing lands (8.7–821.3-ton ha−1) (Table 6).

The highest biomass in lowland areas is due to big trees such as Adansonia digitata L.
having a high diameter of up to 178 cm. This tree increases the basal area and biomass
in grazing land and exclosures. Additionally, Acacia asak is dominantly grown in ex-
closures and open grazing land, where the thorn in the lowland contributes to high
biomass in the lowland. The highest litter, grass, and herb biomass (1.35–2.3 t ha−1)
were recorded in church forests, followed by exclosures (1.42–1.96 t ha−1) and grazing
lands (0.57–0.99 t ha−1). In terms of agro-ecology, the highest LHG was recorded in high-
land (0.57–2.3 t ha−1), followed by mid-altitude (0.99– 2.1 t ha−1) and lowland areas
(0.75–1.35 t ha−1) (Table 6 and Appendix A Table A2).
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Table 6. Mean woody, litter, grasses, and herbaceous biomass.

Agro-Ecology Land Uses Woody Biomass
(Ton ha−1)

Litter, Grass, and
Herb Biomass

(Ton ha−1)

Highland
Church forests 184.5 2.3

Area exclosures 31.7 1.96
Grazing lands 8.7 0.57

Mid-altitude
Church forests 47.13 2.1

Area exclosures 12.3 1.42
Grazing lands 9.9 0.99

Lowland
Church forests 2594.5 1.35

Area exclosures 613.4 1.96
Grazing lands 821.3 0.75

Mean 480.38 1.49
p-value 0.045 0.016

Significance (0.05) * *
(* shows there is significant difference at 0.05 alpha level).

In highland and mid-altitudes, the area is much degraded and almost no big trees
remain in open grazing land; after exclosures, Dodonia angostifolia as a pioneer species
start to grow to have less diameter and low biomass. Even if in this condition, the woody
biomass in exclosures is intermediate between churches and grazing lands. This means
excluding open grazing land contributes to the restoration of biomass flow from vegetation
to the soil. [31], in northern Ethiopia, stated the same findings that the aboveground
biomass measured inside the exclosures was more than twice that of the adjacent grazed
areas and more biomass was produced from the young than the old exclosures. [42] also
stated a similar idea that woody biomass increased with exclosure age, while grass biomass
carbon slightly decreased because of canopy cover after a well-developed community. [37]
also stated aboveground biomass and carbon increased following the establishment of
exclosures on communal grazing land. [43] explained that aboveground vegetation biomass
across sites follow the order of area exclosures > open grazing land.

In exclosures, the grass and herbaceous species contribute to high LHG biomass, while
in church forests, litter fall contributes to the biomass. However, in open grazing lands,
the grass, litter, and herbs are browsed by livestock; thus, biomass is lower in highland
and mid-altitude areas. [44] obtained similar findings that litter biomass increases with
exclosure age in Northern Ethiopia, Tigray after the open grazing land was excluded from
livestock and human interferences.

This confirms that vegetation biomass recovers continuously and close to the nearest
reference forest better than the open grazing land after the degraded forest is closed with
passive restoration. There are several similar arguments [37,41,42,45–48] in different parts
of the world supporting that overall biomass and carbon pool increase with the age of the
restoration and become comparable with the nearest protected natural forest.

3.4. Soil Attributes of Area Exclosures

There were highly significant differences in sand (p = 0.008), clay (p = 0.000), and
loam (p = 0.000) contents between different land uses. However, there was no significant
difference in sand, clay, and loam contents of soil in different agro-ecologies (Table 7). The
highest mean clay content was recorded in church forests (6.8%), followed by exclosures
(6%) and grazing lands (4%). The highest mean sand content was recorded in grazing lands
(88.3%), followed by exclosures (87.4%); church forests had the least sand content (79.56%).
The highest mean loam content was recorded in church forests (13.5%), followed by grazing
lands (7.2%) and exclosures (6.5%) (Table 7 and Appendix A Table A3).
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Table 7. Soil particle content of the study site ± Standard error of the mean (n = 9). (Values with
different letter have significant difference and values with similar letter have no significant difference).

Agro-Ecology Land Use Sand (%) Clay (%) Silt (%) Texture
Classes

Highland
church 82.6 ± 1.2 A 5.4 ± 0.74 A 12.3 ± 1.1 A loamy sand

exclosure 84.6 ± 1.2 B 6 ± 0.74 AB 9.4 ± 1.1 B loamy sand
grazing land 86.3 ± 1.2 B 4 ± 0.74 BC 9.6 ± 1.1 B loamy sand

Mid-altitude
church 74.6 ± 1.2 A 7.4 ± 0.74 A 18 ± 1.1 A Sandy loam

exclosure 91.3 ± 1.2 B 4.6 ± 0.74 AB 4 ± 1.1 B Sandy
grazing land 88.3 ± 1.2 B 3.3 ± 0.74 BC 8.4 ± 1.1 B Sandy

Lowland
church 81.3 ± 1.2 A 8 ± 0.74 A 10.7 ± 1.1 A loamy sand

exclosure 86.4 ± 1.2 B 7.3 ± 0.74 AB 6.3 ± 1.1 B sand
grazing land 90.4 ± 1.2 B 5.6 ± 0.74 BC 4 ± 1.1 B Sandy

Based on clay, sand, and loam content proportions of the soil, highland areas for all
land uses have loam sand textural class. Church forests have loamy sand textural class in
all agro-ecologies. In mid-altitude and lowland areas, area exclosures and grazing land
have a sandy textural class. Sand, clay, and loam content of the soil increase from grazing
land to church forest. However, the sand content of the soil decreases from grazing land to
church forest. This tells us the exclosure practices increase the soil clay and loam content
from its litterfall and under vegetation decomposition. This is due to the organic matter
increment in vegetation-covered church areas and area exclosures. This idea is similar to
that of [49], suggesting that soil organic matter has a habit of increasing the clay and silt
content of the soil under vegetation-covered areas. This is due to two mechanisms: first,
unions between the surface of clay particles and organic matter delay the decomposition
process; then, soils with higher clay content increase the potential for aggregate formation.
Under similar climate conditions, the organic matter content in fine-textured (clayey) soils
is two to four times that of course-textured (sandy) soils [49]. Based on [50] findings, in
northern parts of Ethiopia, the sand content reduced after area exclosure but the clay and
silt contents of soil increased slightly with the age of exclosure. [51] in northern Ethiopia
concluded a similar idea that sand content of the soil reduced with area exclosure practices
while silt and clay content increased after the area was enclosed.

There was a significant difference in pH across land uses and agro-ecologies (p > 0.05)
(Appendix A Table A2); however, there was no significant difference between soil depths.
The highest pH was recorded in lowland areas (6.9–8.4), followed by highland (6.6–7.6) and
mid-altitude areas (5.6–7.6) (Table 8).

Table 8. Soil pH and available phosphorus in different soil depths and land uses.

Agro-Ecology Land Uses Soil pH AvaP (ppm)

Highland
Church forests 6.5 25.56

Area exclosures 7.1 10.49
Grazing lands 6.5 10.55

Mid-altitude
Church forests 6.4 17.2

Area exclosures 6.6 9.8
Grazing lands 6.7 6.69

Lowland
Church forests 8.3 12.5

Area exclosures 7.1 7.87
Grazing lands 7.1 5.6

Mean 6.9 11.80
p-value 0.049 0.048

Significance (0.05) * *
(* shows there is significant difference at 0.05 alpha level).
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Exclosure forests have higher pH than others in highland areas. This is supported
by [52], where after 7 years of exclosures, soil pH increased from 6 to 7.3. This idea was
disproved by [53], who found that closed areas have lower pH than open grazing land; this
is because of vegetation cover. Vegetation cover allows litter decomposition, which leads
to high infiltration because of improved soil organic matter and physical characteristics.
These leached bases percolate down deep into the soil; the topsoil remains acidic and the
pH becomes lower. However, high pH of up to 8.4 was recorded in churches with good
vegetation cover in lowland areas due to the presence of buffering compounds such as
carbonates. This is based on [54], who reported that carbonate compounds increase the soil
pH to 8.5. This is why in high vegetation cover areas, there is high organic carbon with
negative charges. These negative charges attract the positive cations (basic compounds)
such as calcium and make carbonate compounds.

Based on [21] soil critical value, the soil pH of church forest, exclosure, and open
grazing land are almost neutral, with pH ranging from 6.8 to 7.3. Therefore, there is no
soil pH change with area exclosures in all agro-ecologies. This may be due to the age of
exclosures or their need for more time to moderate soil pH. [55] have proven three soil pH
ranges as follows: a pH < 4 indicates the presence of free acids, generally from oxidation of
sulfides; a pH < 5.5 suggests the likely occurrence of exchangeable Al; and a pH from 7.8 to
8.2 indicates the presence of CaCO3. Based on this, our results fall in the third (7.8 to 8.2)
range, i.e., the soil of the study areas ranged from neutral to slightly alkaline.

Church forests show a significant difference (p = 0.02) in soil organic carbon and soil
organic matter across depths in all agro-ecologies. There was a significant difference in
SOC between land uses (p = 0.003) in all agro-ecologies (Appendix A Table A2). The highest
SOC was recorded in church forests (0.58–2.9%), followed by exclosures (0.13–2.27%) and
open grazing lands (0.5–1.1%) (Figure 6).
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Figure 6. Soil organic carbon in different soil depth and land uses.

Based on [20,21] soil critical values, our SOC and SOM at church forest have medium
organic carbon (2.1–4.2%) at highland and mid-altitude areas but high at lowland areas (4.3
to 5). Exclosures have low SOC and SOM in all agro-ecologies. Open grazing land has very
low SOC and SOM in all agro-ecologies. This shows that exclosures have SOM and SOC
contents, which are transitional between church forest and open grazing land. Therefore,
exclosure contributes to the development of soil organic matter, which is important for soil
fertility and soil biology. This idea is alike to [53] in the West Hararghe Zone of Oromia
that there is high soil organic carbon in exclosures. Thus, exclosure practice substitutes
the loss of soil by erosion, overexploitation, and aboveground biomass deduction by
consequent grazing.

In [56], soil organic matter increased with the age of exclosures after exclosures were
developed in northern Ethiopia. This means vegetation restoration leads to biomass
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production increases and, subsequently, soil productivity increases. This idea is shown
by [55], where many soils—specifically those under the forest—have good organic soil
materials at the surface (defined as containing >20% organic carbon), also called forest
floor or litterfall. This is why the most recently deposited, relatively undecomposed foliage,
twigs, etc. are present on the surface. In general, SOM is a large and active component of
the global carbon cycle, containing three times the amount of carbon contained in the earth
and twice the carbon contained in the atmosphere.

There was a highly significant difference (p = 0.000) in Total Nitrogen (TN) between
land uses and agro-ecology (Appendix A Table A2). Nevertheless, there was no significant
difference in TN between soil depths in all agro-ecologies. The highest TN was recorded in
highland, followed by lowland and mid-altitude. In terms of land uses, church forests have
the highest TN, followed by exclosures and open grazing lands (Figure 7).
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Based on [21] soil critical value, church forests have very high TN in highland and
mid-altitude areas but very low TN in lowland areas. On the other hand, exclosures have
low TN in all agro-ecologies. Compared with church forests and exclosures, open grazing
lands have very low TN in all agro-ecologies. This shows that, after exclosures, there was
nitrogen fixation in the soil. This idea is similar to [53], who reported that TN is increased
slightly after exclosures. Thus, the enclosed forest has TN in the intermediate of open
grazing lands and church forests.

Ref. [52] discussed the fact that TN and SOC in the exclosures forest have no difference
with open grazing land in 7-year exclosures in northern Ethiopia. This is why regaining
this type of element in the soil needs more time after area exclosure.

There was no significant difference in available phosphorus (AvaP) across land uses
and soil depth in all agro-ecologies. Nevertheless, there was a significant difference
in AvaP across different agro-ecologies (p < 0.05) (Table 2). The highest values were
recorded in church forests (6.3–38.81 ppm), followed by exclosures (2.46–14.9 ppm) and
open grazing lands (3.1–14.6 ppm). In terms of ago-ecology, highland areas had the high-
est values (4.36–38.81 ppm), followed by mid-altitude (3.22–24.6 ppm) and lowland areas
(2.46–21.8 ppm) (Table 8).

Based on [21] soil critical value, AvaP (ppm) in church forest is low at highland,
optimum at mid-altitude, and very low in lowland areas. In exclosures, AvaP (ppm) is low
in highland areas and very low in mid-altitude and lowland areas. Exclosures exhibited
a trajectory of nutrient build from open grazing to church (reference) in soil restoration.
This is similar to the findings of [44] in the northern highlands of Tigray, where the AvaP
in the enclosed forest (2.95 ppm) increased from open grazing lands (1.28 ppm) to church
forests (10 ppm). However, according to [52], when the area exclosures age increases,
there is high nutrient cycling; then, AvaP decreases with soil and accumulates in the wood
growing system.
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Finally, the conceptual framework for the evaluation of forest landscape restoration
was developed (Figure 8).
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4. Conclusions and Recommendation

Exclosure is the best strategy for increasing the species diversity, wood density, regen-
eration, and biomass of a given degraded forest. The exclosure also has species similarities
with church forest and open grazing land, as a trajectory from degraded grazing lands to
reference adjacent church forests. Thus, the degraded and cleared forest starts a succession
whereby it develops to its climax community, then proceeds to get-up-and-go to its for-
mer state after exclosures. This leads to sustainable ecosystem goods and services for the
community whose livelihood depends on the forest.

Exclosure improves soil nutrients after the area is excluded from livestock and human
interferences. The soil nutrient improvement is because of litterfall, grass residue, and
herbaceous vegetation decomposition. This is why, in exclosures, livestock and fuelwood
collectors do not collect and browse litter, grass residue, and herbaceous vegetation. The soil
nutrients facilitate the trajectory of degraded and cleared forest to their former state as close
as possible. Thus, exclosure practices substitute the loss of soil by erosion, overexploitation,
and aboveground biomass deduction by consequent grazing.

In the lowland study area, natural regeneration was very low. Therefore, enrichment
plantations with indigenous tree and shrub species are required. In all study areas, there
was extreme disturbance during harvesting of grass for cut-and-carry grass in the regen-
eration period. Thus, awareness should be given to user groups to care for regenerated
seedlings. In mid-altitude study areas, a local bylaw has allowed seasonal cropping. There
is high regeneration loss resulting from trampling of livestock entering the exclosures for
farming practices. Therefore, the local bylaw should be revised to limit the number of
livestock, and awareness should be given to user groups during farming periods. Further
research is required for the evaluation of restoration trajectory by establishing permanent
plots for greater understanding of forest succession after restoration intervention.
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Appendix A

Table A1. Vegetation compotation.

Land Uses Sites Density
(ha) Richness

Woody
Biomass
(ton/ha)

LHG
Biomass

(t/ha)

Diversity
(H′) Evenness Dominance

Church forest

Highland 1440 11 184.5 2.3 2.04 0.3 0.8
Mid-altitude 845 12 47.13 2.1 2.27 0.9 0.87

Lowland 717 11 2594.8 * 1.35 2.3 0.9 0.87
Mean 1001 11 942.14 1.9 2.2 0.7 0.84

Exclosures

Highland 2265 14 31.7 1.96 1.2 0.2 0.43
Mid-altitude 1660 7 12.3 1.42 1.73 0.8 0.78

Lowland 2114 16 613.4 1.96 1.1 0.5 0.46
Mean 2013 12 219.1 1.76 1.34 0.5 0.55

Open grazing land
Highland 152 5 8.7 0.57 0.8 0.2 0.45

Mid-altitude 240 3 9.9 0.99 0.78 0.5 0.38
Lowland 850 5 821.6 0.75 0.48 0.3 0.2

Mean 414 4 280.07 0.77 0.68 0.33 0.34

Total Mean 1143 9 637.7 1.48 1.48 0.5 0.58
CV 32.3 30 13.8 27.9 26 32.8 41.37
LSD 694.4 5.08 1124 0.77 0.49 0.19 0.29

Significance (0.05) ** * * ** ** * *

NB: * Significant difference between land uses (p < 0.05); ** Significant difference between land uses (p < 0.01).

Table A2. Soil chemical properties across different agro-ecologies, land uses, and soil depths.

Agro-Ecologies Land Use Type Depth pH OC (%) OM (%) TN (%) AvaP (ppm)

Highland

Church
0–10 cm 6.1 1.28 2.2 1.55 22.4

10–20 cm 6.6 1.78 3.01 1.39 19.39
20–40 cm 6.7 1.92 3.31 1.17 21.81

Exclosures
0–10 cm 6.6 0.84 1.44 0.06 14.9

10–20 cm 7.1 0.66 1.3 0.05 14.55
20–40 cm 7.6 0.69 1.2 0.04 10.23

Grazing
0–10 cm 6.5 0.94 1.61 0.05 12.7

10–20 cm 6.5 0.61 132 0.03 11.65
20–40 cm 6.5 0.6 1.03 0.02 10.32
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Table A2. Cont.

Agro-Ecologies Land Use Type Depth pH OC (%) OM (%) TN (%) AvaP (ppm)

Mid-altitude

Church
0–10 cm 6.6 2.03 3.5 0.18 38.81

10–20 cm 5.6 2.07 3.46 0.41 24.6
20–40 cm 7.1 0.78 3.23 0.45 9.39

Exclosures
0–10 cm 6.7 0.44 0.75 0.04 5.04

10–20 cm 6.9 0.50 0.56 0.47 4.55
20–40 cm 6.3 0.13 0.23 0.10 2.46

Grazing
0–10 cm 5.6 0.50 0.86 0.05 4.36

10–20 cm 6.8 0.51 0.87 0.04 3.22
20–40 cm 7.6 0.95 0.83 0.04 3.43

Lowland

Church
0–10 cm 8.2 2.06 3.55 1.01 15.48

10–20 cm 8.3 2.90 5.00 1.50 7.54
20–40 cm 8.4 2.83 4.88 1.54 6.33

Exclosures
0–10 cm 6.9 2.27 3.91 1.44 11.53

10–20 cm 7.2 1.53 2.64 0.83 10.44
20–40 cm 7.3 1.73 2.98 0.78 10.92

Grazing
0–10 cm 6.9 0.85 1.47 0.04 14.59

10–20 cm 7.2 1.1 1.48 0.05 5.2
20–40 cm 7.1 0.75 1.46 0.03 3.1

Mean 6.92 1.23 6.99 0.49 11.813
CV 8.6 26.2 13.15 32.8 31.7
LSD 1.04 0.92 1.6 0.52 16.2

Significance (0.05) * * * ** *

NB: * Significant difference between land uses (p < 0.05); ** Significant difference between land uses (p < 0.01).

Table A3. Soil texture across different agro-ecologies, land uses, and soil depths.

Agro-Ecology Land Use Depth (cm) Sand (%) Clay (%) Silt (%) Texture
Classes

Highland church 0–10 80 6 14 loamy sand
10–20 cm 84 4 12 loamy sand

20–40 84 6 10 loamy sand
exclosures 0–10 86 6 8 loamy sand

10–20 cm 84 6 10 loamy sand
20–40 84 6 10 loamy sand

grazing land 0–10 87 4 9 loamy sand
10–20 cm 86 4 10 loamy sand

20–40 86 4 10 loamy sand

Mid-altitude church 0–10 76 6 18 Sandy loam
10–20 cm 76 6 18 Sandy loam

20–40 72 10 18 Sandy loam
exclosures 0–10 90 6 4 sandy

10–20 cm 92 4 4 sand
20–40 92 4 4 sandy

grazing land 0–10 89 4 7 Sandy
10–20 cm 87 2 11 sandy

20–40 89 4 7 loamy sand

Lowland church 0–10 82 6 12 loamy sand
10–20 cm 82 8 10 loamy sand

20–40 80 10 10 Sandy loam
exclosures 0–10 90 8 2 sand

10–20 cm 82 8 10 loamy sand
20–40 87 6 7 loamy sand

grazing land 0–10 93 6 1 sandy
10–20 cm 90 5 5 sandy

20–40 88 6 5 sandy
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