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1 | INTRODUCTION
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Abstract

Land rehabilitation through exclosures has been recognized as a promising practice in
the restoration of degraded drylands. This study evaluated woody species density,
diversity, cover, and biomass production from three regeneration approaches (EMTs):
(1) Naturally Regenerated (ENR) exclosures, (2) exclosures with Soil and Water Con-
servation Structures (ECNR), and (3) those enriched with exotic and local plant spe-
cies in addition to SWC structures (ECP) among which empirical evidence of
comparisons are lacking for appropriate decision making of which restoration strat-
egy to promote. Primary data were collected from a total of 72 study plots located
across transects laid within exclosures and in adjacent grazing areas with similar eco-
logical condition. Interview with 331 households and focus groups was used to fur-
ther understand the effects. Regression analysis revealed that the mean difference in
herbaceous and canopy cover, herbaceous and woody biomass, and woody species
density and diversity of the three EMTs was statistically significantly higher than in
the adjacent open grazing areas. Moreover, herbaceous biomass in ECP differed sig-
nificantly from that of ECNR. The results indicated that ENR and ECP equally
enhanced the selected vegetation parameters. This is predominantly attributed to the
comparable responsiveness of many degraded areas to natural regeneration as they
do to active regeneration approaches. Implementation of natural regeneration is suit-
able for immediate recruitment of strategy in terms of resources, time, and meeting
objectives before decisions are made for assisted models of exclosure that require
massive campaigns to construct soil and water conservation structures and huge

seedling production in the dryland areas.
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et al., 2016). The universal degradation losses are related to biological

Land degradation (LD) is the temporary or permanent decline in the
productive capacity of the land, and the diminution of the productive
potential, including its major land uses, its farming systems, and its
value as an economic resource (Stocking, 2001). LD is a chronic chal-

lenge causing annual global loss of $6.3-10.6 trillion (Cornell

productivity, economic sustainability, and ecosystem services (Gilbey
et al., 2019). Sadly, an estimated 23% of the world's land area is
affected by LD (Stavi & Lal, 2015), and the associated costs affect
every individual (ELD Initiative, 2015). The underlying drivers of LD
include unsustainable forestry practices, global consumption patterns,
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and climate change (Sutton et al., 2016; van der Esch et al., 2017).
Other contributory factors are urbanization, infrastructure develop-
ment, and extractive industries, which are often associated with land-
scape alterations (van der Esch et al., 2017).

LD is a leading problem in sub-Saharan Africa threatening the
lives of millions of inhabitants (Blay et al., 2004) through diminishing
crop vyield (Zingore et al, 2010) and forest production (Blay
et al., 2004). In Ethiopia, soil and environmental degradation due to
the conversion of forest and communal lands into crops and settle-
ments (Ellen, 2011; Mebrat, 2015) to accommodate population
growth (Blay et al., 2004) has been a pressing challenge. The shrinkage
of historical forest due to conversion into cultivated lands and settle-
ments and reduction of communal grazing lands mainly due to alter-
ation into exclosures (Yayneshet, 2010) facilitated further depletion of
open grazed lands through overutilization (Blay et al., 2004). More
importantly, the LD problems are wicked and linked to many other
global and local challenges including food insecurity, poverty, and
environmental degradation. LD remains to be Ethiopia's consequential
and incessant complexity (Taddese, 2001) impeding Agriculture
Development Lead Industrialization (ADLI) and Climate Resilient
Green Economy (Federal Democratic Republic of Ethiopia, 2012).
Therefore, reversing the LD was not an option but a compulsory
errand to solve numerous and interlinked tight spots. The government
of Ethiopia, therefore, initiated major rehabilitation of degraded dry-
lands (Kebrom, 2001) three decades ago, which continued in a high
scale implementation (Gebremichael & Waters-Bayer, 2007) in line
with the Bonn Challenge and other initiatives (Birhane et al., 2017).
Exclosure of the grazing lands has been a national program with a high
level of execution in Tigray (Jabbar et al., 2000) where rehabilitation
efforts were reported to have been started as early as the 1970s
(Munro et al., 2019).

Exclosure program started in the 1980s in coincidence with the
extensive soil conservation movements in Ethiopia (Nedessa
et al., 2005) which then continued massively with varied scales based
on the capability of the regional states to mobilize their human
resources to engage in free and paid labor. This practice has been
extensively exercised since 1991 in Tigray (Bainbridge, 2017) in which
more than 1.5 million hectares of land have been rehabilitated in a
period of over 20 years, benefiting about 2 million people
(Bainbridge, 2017; Lemenih & Kassa, 2014). Uncontrolled human
interference and agricultural expansion inhibited Tigray region to have
any forest cover before 1994  with only scattered forests around
churches and remote places which rarely exceeded 9% of the total
land area (Wisborg et al., 2000).

Exclosure, as a rehabilitation program, generally falls into two
broad categories: Natural and assisted (Mebrat, 2015). The latter has
two levels and is an active restoration in which target landscapes can
be enriched with seedlings and seeds or just left to naturally regener-
ate after being furnished only with soil and water conservation struc-
tures depending on the characteristics of the LD. So, three definite
levels of exclosure management types (EMTs) were identified that are
anticipated to diverge in ecosystem functions and processes after the

successful achievement of restoration objectives.

Natural Regeneration Exclosure (ENR) is a method in which a pre-
vious communal grazing land is protected from human and animal
interventions (Ellen, 2011; Nedessa et al., 2005) to establish a native
vegetation from existing seed bank and oppressed plant species
(Mebrat, 2015; Murthy et al., 2002; van Ulft, 2004). Assisted regener-
ation (AR) of degraded areas, on the other hand, is established on sim-
ilar communal grazing lands with main management schemes solely
for soil and water conservation structures or can be followed by
enrichment with planting and seeding. It can involve commercial tree
planting and ecological restoration through growing diverse native
species that have been identified to dominate previously degraded
sites. Active restoration interventions of highly degraded areas can
recover biodiversity and ecosystem services (Brancalion et al., 2016;
Latawiec et al., 2016). It aims to accelerate natural regeneration and
development processes when the spontaneous establishment of trees
is insufficient to create conditions for successful native plant regener-
ation and forest development (Hardwick & Elliott, 2016; Holl &
Aide, 2011). The high cost of active restoration projects (Birhane
et al., 2017) than natural regeneration is a very notable constraint, and
therefore, financial capacity limits its large-scale implementation.

To the best of our knowledge, the current study is the first to
compare assisted and natural regeneration in Tigray using key vegeta-
tion parameters. Therefore, empirical evidence of whether the level of
degradation can be fully or partially suited to natural regeneration
projects or active restoration approaches is still lacking. The existing
sustainable land management projects which were established sponta-
neously provided tremendous research opportunities to deepen our
understanding of restoration options via natural regeneration but they
seem to remain underutilized (Uriarte & Chazdon, 2016). Pocket areas
of natural regeneration exist within the assisted restoration projects
in the drylands of the Tigray Region. It was proved that Sustainable
Land Management Program (SLMP) was established without prior
consideration of determinant factors. It could serve as a basis for char-
acterizing how successful are the natural and assisted restoration
schemes. In general, the suitability and likelihood success of natural
regeneration as a restoration mechanism is less explored and compari-
sons are rarely made (Brancalion et al., 2016; Gilman et al., 2016).
Previous studies on exclosures in Ethiopia, and the Tigray region in
particular, failed to consider the variation of these exclosure manage-
ment types and have focused mainly on the highlands
(Descheemaeker et al., 2006). Recommendations emphasized that
ecological achievements of exclosures require more comprehensive
(Mekuria et al., 2017) and rigorous research (Balana et al., 2012) that
should consider different restoration approaches. This research, there-
fore, focused on the impacts of EMTs on key vegetation parameters
in the lowlands of Tigray wherein studies were limited and degrada-
tion is high. The objectives of this study were, therefore, to explore
the effects of EMTs on selected vegetation parameters in the drylands
of Tigray to help shaping policy on the restoration efforts on dry low-
lands of the region and beyond. We hypothesized that exclosure man-
agement types will improve vegetation attributes of degraded areas in
the order of ECP > ECNR>ENR in density, diversity, biomass, and

cover.
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2 | MATERIALS AND METHODS

21 | Studyarea

The research was conducted in the Tanqua-Abergele district of Tigray,
Northern Ethiopia during 2019-2020 (Figure 1). Tanqua-Abergele is
found in the lowland zones of Tigray at an altitude between 932 and
2394 masl. According to the land administration desk of the district,
the total land area is estimated at 144564 ha with Land Use/Land
Cover (LULC) categories of 45,206 ha (arable), 2433 ha (pasture), and
17,382 ha (exclosures). The rest 79,543 ha is composed of mountains,
grazing, settlement areas, and other miscellaneous lands. The district
is administratively organized into 20 villages and 80 hamlets. The
average annual rainfall varies between 580 and 750 mm, typically
erratic and with poor spatial and temporal distribution. The average
annual temperature ranges between 18 and 26°C. The climate is
favorable for major lowland crops like sorghum, maize, teff, finger mil-
let, sesame, groundnut, and some spices and vegetables. Fruits like
orange, mango, lemon, tangerine, banana, and guava grow well. The
district owns 268,266 livestock head counts. Forty to sixty percent of

the people make a living on livestock under a dominant mixed produc-
tion system (Nyssen et al., 2009) in which livestock either seasonally
or daily moved to search feed and water. As the district is exception-
ally highly populated with livestock, an export-oriented slaughter-
house has been established by Abergele International Livestock
Development PLC to utilize this endowment through export. The esti-
mated total human inhabitants are 92,888.

2.2 | Site selection

Tanqua-Abergele district was systematically selected from projects
under SLMP in Tigray. The SLMP project districts in the Tigray region
were grouped by agroecology into Low and highlands. Tanqua Aber-
gele was randomly picked from the lowland districts within SLMP.
The villages were categorized into two agroecological zones (AEZ)
(Dry lowland, Dry midland). In each AEZ, villages were ranked based
on the types and area coverage of exclosures. From each of the two
dominant AEZs of the district, five villages were systematically
selected (Figure 1).
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FIGURE 1 Map of Tanqua Abergele district (the study area) and location of study sites (map developed using QGIS 3.28). [Colour figure can

be viewed at wileyonlinelibrary.com]
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2.3 | Experimental layout and vegetation sampling

In the five selected villages, a total of 29 exclosures were sorted into
three management types: vis-a-vis (a) Natural Regeneration (ENR),
(b) exclosures treated only with different soil and water conservation
structures (ECNR), and (c) exclosures treated with soil and water con-
servation structures and re-vegetated with exotic and local plants
(ECP). Three exclosures, aged 8-10 years, were randomly selected
from each category fulfilling the above criteria in each AEZ making a
total of 18 study sites (2 agroecology*3 categories of exclosures*3
replications) organized in a Completely Randomized Block Design
(RCBD) with four treatments and three replications. In each exclo-
sure, one diagonal transect was laid along which three suitable plots
of 20 x 20 m were established (18 transects*3 plots = 54 study
plots). Each exclosure was paired with adjacent open grazing land
(6*3 = 18 plots). In each plot, 1 x 1 m sub-plots were also nested at
the four corners and at the center. Samples for woody and herba-
ceous vegetation parameters were taken from the plots and sub-
plots, respectively. An interview was conducted with 331 household
heads in the five villages to rate the EMTs from 1 to 3, 1 being the
lowest and 3 being the highest rankings in terms of a better restora-
tion capacity. Similarly, a focus group discussion and key informant
interviews were conducted to understand their views about
the EMTs.

24 | Determination of vegetation attributes

The herbaceous cover was directly estimated using line intercept
methods (Jiapaer et al., 2011; Wasonga et al., 2009). The woody can-
opy cover was estimated from 1383 woody plant species found
within 72 study plots (Coulloudon et al., 1996). Estimation of woody
plant species density was done by a plot (Raunkiaer, 1934) in a care-
fully designed field layout. While woody species diversity was deter-
mined using the Shannon diversity index (Shannon, 1948) which was
log-transformed before regression analysis was employed. Above-
ground herbaceous biomass production was estimated in each sample
plot during the growing and dry seasons using the harvesting method
(t'Mannetje & Jones, 2000). Biomass production for trees and shrubs
was estimated from plant attributes using recently developed models
for exclosures in Tigray (Ubuy et al., 2018). Botanical species names
were recorded by asking knowledgeable farmers. Later, the English
names and scientific names were found in various publications, books,
and online plant identification apps to interpret images taken during

data collection.

2.5 | Data analysis
Data were analyzed using Stata (StataCorp, 2017) version 15. All data
were subjected to Shapiro-Wilk test for normality before analysis.

Using regression analysis comparison of mean variation was

conducted to see if there was a significant difference among exclo-
sure management types in herbaceous cover, canopy cover, woody
plant species density, diversity, and above-ground biomass produc-
tion for herbs and woody plants. A standard multiple regression
model (1) was used to test the dependent variables species density,
diversity, cover, and biomass across the exclosure management

types.
fi =E (Y1) = Bo+P1X1 +PoXa + BaXs @

where i = {G for Grazing, ENR for natural regeneration, ECNR for soil
and water conservation only and ECP for soil, water conservation, and
enrichment}.

So, if an observation corresponds to management type which is
Grazing (Control), then, X; = X, = X3 = 0. Then, the estimate /3’0 cor-
responds to the estimated mean response for Grazing only. In a similar
way, if the observation corresponds to ENR; X; =1, X, =0, X3=0. ﬁl
would represent the difference in the estimated mean response
between ENR and Grazing (i.e., Beng — Borazing): B2 Would represent the
difference in the estimated mean response between ECNR and Graz-
ing (/}ECNR*/}cmzing)v and f; would represent the difference in esti-
mated mean response between ECP and Grazing (Bgcp 7/96,02,»,,3). This
contrasted the three EMTs with the adjacent grazing lands (control)
designated as Rsii, Rs2i, Rssi, (Table 1), Rsgi, Rsoi, Rs10i (Table 2), Rss;,
Rs16i, and Rs17; (Table 3). While comparisons of ENR versus ECNR and
ECNR versus ECP were made by applying forward coding (R4, Rrs; [-
Table 1], Re14i, Rr12i [Table 2] and Rgigi and Rgqg; [Table 3]) in which
mean differences were calculated as Bgng — Secng and Becnr — Bece-

In order to accurately test our hypothesis regarding the manage-
ment approaches, we conducted successive comparison of levels of
exclosure management approaches (Equations 2 and 3):

o+ (Penr t+fecnr I
Rui = fig — (w) 2
0 flgeng i
Rii = figng — <%> . @)

Helmert contrast helps obtain useful comparisons of the mean
responses of the EMTs, and the resulting estimated coefficients (Ryg;,
Ru13i, and Ryooi; Tables 1, 2 and 3, respectively), would represent the
difference between the mean responses for Grazing and the ‘mean of
the mean’ response for the ENR, ECNR, and ECP group. Ry7i, Ry14i,
and Ryp41; were used in the same way to evaluate mean differences.
Mean differences at each level were compared to the average of the
consecutive levels. The first comparison was made between grazing
(control) and the average of the means of the three levels of EMTs. It
gave concrete evidence if exclosure in general was feasible restora-
tion strategy. Then we compared ENR with the means of ECNR and
ECP. This enabled us compare if natural regeneration was outper-
formed by assisted exclosure management. The responses from indi-

vidual household interviews were also analyzed using rating scale
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TABLE 1 Comparison of woody
Woody plant ies densi Log-Sh di ity ind . .
oody plant species density og-Shannon diversity index plant species density (Plants/ha) and
*MD p+SE T p p£SE T p biodiversity (log-Shannon diversity index)
Rsyi 785.67 (150.90) 521  0.000 0.34002 (0.1195) 2.84 0.01 among exclosure management types in
Tanqua-Abergele district (Obs = 72).
Rsai 630.17 (150.90) 4.18 0.000 0.28837 (0.1195) 241 0.026
Rsai 440.61 (150.90) 2.92 0.005 0.24383 (0.1195) 2.04 0.055
RE4; 155.50 (150.90) 1.03 0.306 0.05175 (0.1195) 0.43 0.67
REsi 189.56 (150.90) 1.26 0.213 0.04440 (0.1195) 0.37 0.714
Rysi —618.81(123.21) —-5.02 0.000 —0.29071 (0.0976) —2.98 0.007
Ry7i 250.28 (130.68) 1.92 0.060 0.07397 (0.1035) 0.710 0.483
Cons 826.89 (53.350) 15.50 0.000 1.30700 (0.0420) 30.93 0.000

*MD = mean difference, Rs; = (ENR-grazing), Rs, = (ECNR-grazing), Rs3 = (ECP-grazing), Rr4 = (ENR-
ECNR), Rgs = (ECNR-ECP), Ry = Grazing-([ENR + ECNR + ECP]/3); Ry7 = ENR-([ECNR + ECP]/2), and ‘i’
stands for woody plant species diversity and diversity. ENR, ECNR, and ECP stand for Exclosure for
Natural Regeneration, exclosures of soil and water conservation structures only, and exclosures with soil
and water conservation enriched with plantation.

TABLE 2 Comparison of woody

Canopy cover Herbaceous cover plant species canopy and herbaceous

*MD p+SE t p p+SE t p cover (%) among exclosure management
Rs 22.83 (5.05) 452 0000 14.53 (5.86) 248 0016 :éiis_i”7g”q“a'Aberge'e district

Rsoi 15.11 (5.05) 2.99 0.004 12.97 (5.86) 221 0.030

Rs10i 14.72 (5.05) 291 0.005 21.84 (5.86) 3.72 0.000

Rr11i 7.722 (5.05) 1.53 0.131 1.56 (5.86) 0.27 0.791

RF12i 0.39 (5.05) 0.08 0.939 —8.87(5.86) -1.51 0.135

Ry13i —17.56 (4.13) —4.25 0.000 —16.45 (4.79) —343 0.001

Ry14i 7.92 (4.38) 181 0.075 —2.88(5.08) —0.57 0.573

Constant 31.11(1.79) 17.41 0.000 27.64 (2.07) 13.33 0.000

*MD = mean difference, Rsg = (ENR-grazing), Rsy = (ECNR-grazing), Rs10 = (ECP-grazing), Rr11 = (ENR-
ECNR), Rr12 = (ECNR-ECP), Ry13 = Grazing-((ENR + ECNR + ECP)/3); Ry14 = ENR-((ECNR + ECP)/2) and
‘i stands for canopy and herbaceous covers.

TABLE 3 Comparison of above-
ground woody and herbaceous species
*MD p+SE t p p+SE t p biomass (Kg/ha) among exclosure
management types in Tanqua-Abergele

Above-ground woody biomass Herbaceous biomass

Rs1s5i 11188.43 (3339.89) 3.35 0.001 163.95 (67.80) 242 0.018 o
district (Obs = 72).
Rs16i 7571.64 (3339.89) 227 0.027 176.41 (67.80) 2.60 0.011
Rs17i 11578.6 (3339.89) 347 0.001 327.99 (67.80) 484 0.000
Rr1si 3616.79 (3339.89) 1.08 0.283 —12.45 (67.80) —0.18 0.855
Rr19i —4006.96 (3339.89) -1.20 0.234 —151.59 (67.80) —2.24 0.029
Rp20i —10112.9 (2727.01) -3.71 0.000 —222.78 (55.36) —4.02 0.000
Ru21i 1613.312 (2892.43) 0.56 0.579 —88.25(58.72) —1.50 0.137
Constant 13583.78 (1180.83) 11.50 0.000 349.71 (23.97) 14.59 0.000

*MD = mean difference, Rs; = (ENR-grazing), Rso = (ECNR-grazing), Rsz = (ECP-grazing), Rr4 = (ENR-
ECNR), Rrs = (ECNR-ECP), Ryg = Grazing-((ENR + ECNR + ECP)/3); Ry7 = ENR-((ECNR + ECP)/2) and ‘i’
stands for above-ground and herbaceous biomasses.

. . . . . P (9 0— (1
models (RSM). Discussion points with key informants and focus OCF — ix(0) ‘which is the same as : exp[0 — (4 +ox)] ,
groups were mainly utilized for triangulation. The Operating Charac- Pix-1(0) + Pi(6) 1+exp[0— (% +0x)]
teristic Function (OCF) for the RSM graphs was obtained as: (4)
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where Py (0) is the probability of scoring x on item i, Py_1(0) is the
probability of scoring x— 1 on item i, 0 is the location of the person
on the construct, ; are the location of the items on the construct, and
oy is the location on the construct where the probability of responding

in adjacent categories, x — 1 and 1, is equal across items.

3 | RESULTS

A significant regression equation was found (p < 0.000) on woody
species density (Table 1). The average woody plant species density
was 363, 1148, 993, and 803 plants per hectare for Grazing, ENR,
ECNR, and ECP, respectively. However, no significant difference was
found between ENR and AR as well as between ECNR and ECP. Simi-
larly, a significant regression equation for Shannon biodiversity index
was calculated (p < 0.044) on woody species diversity. Significantly
higher woody species diversity was calculated in exclosures as com-
pared to grazing. No significant difference was shown between ECNR
versus ENR, ECNR versus ECP, and ENR versus AR. We found signifi-
cant regression equation for canopy (p < 0.000) and herbaceous cover
(p < 0.004). It was determined that canopy and herbaceous covers
were 17.56% and 16.4% higher in exclosures than grazing. However,
no significant difference was found between ENR and AR as well as
between ECNR and ECP in both canopy and herbaceous covers
(Table 2).

A regression was calculated to predict woody and herbaceous
biomass based on exclosure management types (Table 3). A significant
regression equation was found (p < 0.002) on woody AGB. Woody
biomass was 10112.9 kg/ha more in exclosures than grazing. How-
ever, no significant difference was found between ENR and AR as well
as between ECNR versus ECP and ENR versus ECNR.

Moreover, we found a significant regression equation (p < 0.000)
for herbaceous biomass (Table 3). The herbaceous biomass in exclo-
sures was 222.8 kg/ha more than in grazing land. ECP produced
151.6 kg/ha more biomass than ECNR and was significant. We did
not get a significant difference between ENR versus AR and ENR
versus ECNR.

(a) . Category Characteristic Curves (b)
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Individual interviewees were inquired to provide comparative
ranking values of 1 (low), 2 (medium), and 3 (high) among exclosure
types based on their capacity of vegetation recovery. Accordingly,
ENR was given values 1 (4.2%), 2 (39.9%), and 3 (55.9%). ECP was
given values 1, 2, and 3 by 18.4, 80.4 and 1.2% of the respondents,
respectively. Finally, respondents who ranked ECNR 1, 2, and 3 were
87.6%, 12.1%, and 0.3%, respectively. These rankings clearly showed
that ENR has the highest percent of respondents for rank 3 (55.9%),
ECP has highest values for rank 2 (80.4%) and ECNR for
rank 1 (87.6%).

The item response theory (IRT) model was used to predict the
probability of the individual households interviewed to rate ENR,
ECNR, and ECP based on their effectiveness on vegetation recovery.
Three graphs were generated: (1) The Category Characteristic Curve
(CCC) (Figure 2a) indicates the probability that an individual will rate
ENR, ECNR, and ECP with the lowest rank 1, (2) the CCC (Figure 2b)
is the probability that an individual will rate each EMTs with 2, and
(3) the Boundary Characteristic Curve (Figure 2c) shows the probabil-
ity that a respondent rates ENR, ECNR and ECP with 3. These graphs
clearly demonstrated that the probability of the study participants to
rate ENR with a scale of 3, 2, and 1 is high (Figure 2c) and low
(Figure 2a,b). That means, the majority of the respondents rated ENR
as the most effective for vegetation recovery with a rank of 3. As pre-
dicted in Figure 2c, ECNR was given the rank 1 by the majority of the
respondents while ECP with rank 2.

4 | DISCUSSION

4.1 | Overall effect of exclosure on vegetation
density, diversity, cover and biomass

When the frequently grazed and degraded lands were protected from
animal and human disturbances, suppressed plants and plant seeds
began to exponentially increase in the number and size that improved
woody species density. If appropriately managed, such natural vegeta-
tion can dominate natural habitats quickly. This was in line with
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FIGURE 2 RSM models for household interviews on rating EMTs, 1 (a), 2 (b), and 3 (c); 1 being the lowest and 3 the highest (n = 331).

[Colour figure can be viewed at wileyonlinelibrary.com]
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Birhane et al. (2006), Desalew (2008), Fikadu and Argaw (2021) in
Lemo, Asmare and Gure (2019) and Terefe et al. (2010) who reported
higher woody plant density in exclosures than grazed areas in their
studies in Tigray, Amhara and Southern regions of Ethiopia, respec-
tively. Comparably, grazing exclusion restored cork tree regeneration
(Kobel et al., 2021) in Central Portugal and plant density (Deng
et al., 2014) in China. Tesfay (2016) synthesized various studies and
confirmed that exclosures improved woody species density more than
adjacent grazing lands.

Exclosures had 33.74% higher diversity index scores than grazed-
lands. Evaluated individually, ENR, ECNR, and ECP significantly
improved wood diversity by 40.5%, 33.43%, and 27.61%, respectively.
Exclosures likely created favorable environments for some grazing-
sensitive plants, especially during the seedling growth stage. Exclusion
and decreasing intensity of grazing improved native plant abundance
in the drylands of China (Deng et al., 2014). Soil erosion and degrada-
tion were relatively high on rangelands, and seizure played an impor-
tant role in increasing wood diversity through the conservation of soil
moisture and nutrients. Consistent with our results, Tang et al. (2016)
found that exclosures improved biodiversity in erosion-prone areas of
China.

The lowest canopy cover (17.9%) may be related mainly to fre-
guent grazing in community areas, as opposed to exclusion areas
where only illegal stray animals were grazed. By reducing the pressure
on browsing sensitive plants in the exclosure area, the canopy cover
of ENR, ECNR and ECP were significantly improved by 22.8%, 15.1%
and 14.7%, respectively. This is consistent to the study by Firincioglu
et al. (2007) on the effects of long-term grazing exposures of range-
land plants in the central Anatolian region of Turkey and concluded
that exclosure increased the percentage of vegetation cover. Houes-
sou et al. (2012) pointed out that the more grazing intensity, the lesser
canopy cover was. Haidarian et al. (2010) and Samadi-Khangah et al.
(2021) also indicated that the canopy cover of plants inside the exclo-
sure was significantly higher than outside.

The ENR, ECNR, and ECP significantly improved herbaceous
cover by 14.5%, 13%, and 21.8% more than grazing, respectively.
Other reports signified that heavily grazed arid and semi-arid savannas
of Africa (Gemedo et al., 2006; Melak et al., 2019; Mphinyane &
Rethman, 2006) showed lower herbaceous cover than adjacent exclo-
sures. Samadi-Khangah et al. (2021) in their study in Iran reported a
higher percentage cover inside the exclosures than outside. Studies
(Desalew, 2008; Tsehay, 2007) proved that continuous grazing
affected the quantity of plant litter at the soil surface and brought
indirect pressures on the germination of available seeds. In line with
Abesha (2014) and Tessema et al. (2011) in Ethiopia and Ombega
et al. (2017) at Narok County in Kenya, this study suggested that
reduced grazing intensity and frequency in exclosures increased her-
baceous species cover than grazed-lands.

Improvement of herbaceous and woody biomasses in exclosures
was in line with (Angassa & Oba, 2010; Ombega et al., 2017) who
found that protection, gradually increased biomass of herbaceous
plants. Similarly, Singh et al. (2011) and Mekuria and Aynekulu (2011)
reported higher biomass production in exclosures in Ethiopia.

Moreover, the low herbaceous dry matter yields in the communal
grazing lands as compared to exclosures managed at different levels
are supported by different studies (Gemedo et al., 2006; Shenkute
et al, 2011). Appropriate grazing management through livestock
exclusion has been found to improve above-ground biomass in areas
that were severely degraded (Wasonga et al., 2011). Heavy grazing
leads to extreme defoliation of herbaceous vegetation, decreasing
standing biomass, often activated by a decline in net primary produc-
tivity, as the intensity of grazing increases (Bilotta et al., 2007;
Mureithi et al., 2016). The higher biomass production of herbaceous
plant species in the exclosure could be related to enhanced land man-
agement using soil and water conservation (Ruto, 2015) and protec-
tion from year-round grazing. Reduced grazing pressure enhanced
herbaceous above-ground biomass in the rehabilitated areas (Ombega
etal., 2017).

Exclosures were better rangeland management practices that
improved biomass production than the constantly overgrazed and
mismanaged communal lands (Hassen et al., 2010; lbrahim, 2016). It
was calculated that year-round protection by hired guards, establish-
ment of 1280 meters/hectare of diverse SWC structures and planta-
tions with nursery-grown seedlings for an average duration
of 5.4 years were performed. These could have played great roles to
qualify exclosures to outperform grazing areas in woody biomass pro-
duction. A year-round grazing lowered biomass production (Verdoodt
et al,, 2010).

4.2 | Effect of natural regeneration on vegetation
density, diversity, cover, and biomass

ENR showed higher woody plant species density (250 plants/ha),
diversity (7.68%), canopy cover (7.9%), woody biomass
(1613 kgDM~tha) but slightly less herbaceous cover (2.9%), and her-
baceous biomass (88 ngMflha), than AR. Generally, it was noted
that AR was more disturbed during establishment to accommodate
space for SWC and plantation interventions which required more time
to recover than ENR. The relatively low canopy cover on AR as com-
pared to ENR would be, on one hand, attributed to human distur-
bance during the construction of new and maintenance of older SWC
structures and illegal grazing by animals. A recent critical analysis of
exclosure governance (Araya et al., 2023) in the study area indicated
that illegal grazing and low public participation were behind the exclo-
sures’ sustainability problems. FGDs indicated that the key problem
of SWC and plantation practices was the massive cutting of trees to
give space for the construction of physical structures and plantations.
Local people clarified that the conservation activities had been very
destructive which could have hindered enhanced vegetation recovery
in AR. The periodic disturbances could have increased gaps, curtailed
the germination of seeds, and the survival of juvenile seedlings. A
case-studies synthesis on rehabilitation of degraded lands in Sub-
Saharan Africa by Blay et al. (2004) revealed that cutting of significant
vegetation occurs in AR. Mebrat (2015) reported that natural regener-
ations with minimized cutting effects are superior techniques than the
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aided ones. van Ulft (2004) viewed that germination, juvenile growth,
and mortality can be affected by larger gaps created through the cut-
ting of woody species.

Non-significant differences in woody species density, diversity,
cover, and biomass between ENR and AR showed that additional
management did not meet vegetation improvement expectations. This
may be related to the fact that no clear conservation goals were set
when the closure was initiated. It was calculated that 54% of the
exclosures were established just in compliance with the regional plans
of fulfilling quota figures without diagnosing the degradation levels.
An important note by Shono et al. (2007) stated that the decisions on
which reforestation approach to use, on a particular site, depends on
the severity of degradation, the self-recovery potential of the land,
demography of the area, and availability of financial and human
resources, among other factors. Even after proper diagnosis of
degraded lands within the target areas, adoption of natural, assisted,
or simultaneous regenerations to restore degraded lands requires a
thorough understanding of the effectiveness of each in the particular
landscapes. In Brazil, registered landowners can take 2-4 years to
evaluate which restoration method (or combination of methods) to
adopt, with large implications for their cost (Brancalion et al., 2016).
By observing the initial stages of colonization on the land over this
period, farmers can better determine whether natural regeneration
(which is far less costly than tree planting) is likely to be a successful
method for restoration on their farm (Holl & Aide, 2011). Ferraz et al.
(2014) noted that natural regeneration can even succeed in steep
slopes with marginal value for industrialized agriculture and thus have
low opportunity costs for other uses.

Therefore, ENR is a potentially suitable strategy for immediate
exclosure recruitment, large-scale restoration, and comparable results
in dry lands. If interventions to facilitate quick vegetation recovery is
unavoidable, Holl and Aide (2011) recommended removing barriers to
seed dispersal and seedling establishment at the local level. ENR pro-
jects can be boosted through seeding, providing perches for dis-
persers, transplanting, and protection of sprouts from fire and grazers,
removing weeds, and intensive monitoring. Comprehensively, the
effectiveness of ENR can be supported with the identification and
marking regenerative seedlings and enhance their growth by liberating
them from competition. Additionally, suppressing weedy vegetation
through lodging (Shono et al, 2007) and herbicides (Cohen
et al,, 1995; Shono et al., 2007) can manifest better outcomes. Protec-
tion from disturbances, for example, firebreaks (Friday et al., 1999;
Shono et al., 2007) and guarding from grazing livestock (Uriarte &
Chazdon, 2016) were highlighted as useful enhancements to natural
regeneration. Furthermore, maintenance and enrichment planting to
enhance diversity and native large-seeded trees that might not regen-
erate naturally are useful practices (Shono et al., 2007).

Prioritization of natural regeneration as a restoration approach
will lower the overall costs of restoration, may permit larger areas of
recruitment and can achieve the best possible outcomes for recover-
ing ecosystem functions, services, and biodiversity at scale in ways
that improve livelihoods and promote strong, local governance and
stewardship (Chazdon, 2017; Chazdon & Guariguata 2016; Uriarte &

Chazdon, 2016). These can ensure the recruitment of considerably
degraded areas in many tropical countries that cannot be economi-
cally rehabilitated for agricultural uses or commercial plantations.
Organizations, communities, and governments are opting for the most
cost-effective approaches to restore forests at large spatial scales
(Chazdon & Uriarte, 2016; Sabogal et al., 2015) to meet global and
local restoration commitments (Pistorius & Freiberg, 2014). Natural
regeneration presents a potential solution to fill the gap due to its low
recruitment costs than those based on planting trees (Birch
et al., 2010; Chazdon & Uriarte, 2016) and applicability at scale.

4.3 | Effect of ECP on vegetation density,
diversity, cover, and biomass

Conserved moisture on soil bands and plantation pits could have
assisted herbaceous plants in ECP to have significantly higher
biomass than in ECNR. This is because annual and shallow-rooted
herbaceous species utilize moisture from the soil surface layers
(Dimitrakopoulos & Bemmerzouk, 2003). Plantation pits assisted com-
parable plant growth in moisture-stressed dryland areas of Halaba
(Kelbore & Gebreyes, 2022). On the other hand, the non-significant
differences in woody species density and diversity reaffirm that ECP
was not superior to ECNR in the recruitment of new plants. It was cal-
culated that an average plantation of 3120 seedlings and seeding and
sowing of 1.28 kilometers of bands per hectare per year were per-
formed for an average of 5.4 years. Several reasons could have played
their role in hindering the survival of seedlings in artificially enriched
exclosures. One key hindrance was related to drought as newly intro-
duced seedlings and germinated seeds were unable to survive low
moisture and high temperatures of the drylands because trees primar-
ily depend on the moisture status of the deeper soil layers
(Dimitrakopoulos & Bemmerzouk, 2003). Consistent with this study,
Hall (2008) found that drought was responsible for 13% of seedling
deaths. Drought limited the survival of wet origin species in Isthmus
of Panama dry forest which was linked to the physiological tolerance
hypothesis (Gaviria & Engelbrecht, 2015). Other problems could be
related to invasive weeds and pests as revealed by field observations
and discussions with locals that the soil and water conservation struc-
tures harbor some rodents and small ruminant herbivores which could
have played a negative role on the side of ECP hindering it to outper-
form ECNR in density and diversity. Introduced non-native seedlings
and young plants are prone to such enemies. In line with this, Hall
(2008) reported that 48% of seedlings died from predation and
uprooting by small mammals in the Central African Republic. Likewise,
unexpected outcomes and high failure rates were reported to be ubig-
uitous in ECP projects (Uriarte & Chazdon, 2016). SDG (2013)
highlighted that the survival of seedlings was not promising in many
exclosures. This made the additional costs of SWC, plantation, and
sowing of grass seeds in AR of less impact on vegetation. It took each
ECNR 3.8 and ECP 3.7 years of SWC practices making it very expen-
sive and time-consuming. Many studies were in agreement with ours
(Birch et al., 2010; Birhane et al., 2017; Chazdon & Uriarte, 2016;
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FAO and UNCCD, 2015; Holl & Aide, 2011; SDG, 2013). This can limit
large-scale implementation of the ECP program (FAO, 2019). There-
fore, the insignificant difference in density, diversity, cover, and bio-
mass between ECNR and ECP, on the other hand, stipulated that
extra management did not meet expectations. Costs of plantation can
reach as high as $2000-10,000 per/hectare with a fewer than half
seedling survival rates (SDG, 2013). Estimated costs can reach 837 bil-
lion USD to restore 350 hectares in 15years (FAO and
UNCCD, 2015).

Individual interviewees rated ECP to be the second option with
an IRT graph score of 2. Consistent with this, Griscom and Ashton
(2011) and Mebrat (2015) reported that tree planting can ameliorate
poor soil conditions that limit natural regeneration. Holl and Aide
(2011) and Hardwick and Elliott (2016) stated that active restoration
can accelerate natural regeneration and stand development processes
when the spontaneous establishment of trees is insufficient to create
conditions for successful native plant regeneration and forest devel-
opment. Therefore, stakeholders should be aware of the costs and
availability of funds when ECP are decided to be used as mandatory

options for restoration.

5 | CONCLUSION

Effects of exclosure management types on woody species density,
diversity, biomass, and canopy cover as well as herbaceous cover and
biomass were improved. The establishment of Natural Regenerating
Exclosures (ENR) as a management type produced comparable or
higher results in cover, density, diversity, and biomass to ECNR and
ECP. This makes ENR a superior or equally feasible option to ECNR
and ECP to restore degraded dryland grazing areas. Restoration
approaches need to be selected based on community objectives, level
of degradation, and availability of resources and time which requires
prior scientifically established research recommendations. Precisely,
we recommend exclosure establishment to begin with quick large-
scale ENR and then switching the non-responsive lands into ECNR
and ECP.
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