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SUMMARY  

Field survey, focus group discussions and key informants’ interview were 

conducted to collect data on the effects of degraded hillsides allocation to 

landless youth groups. Data on vegetation recovery, and status of physical soil 

and water conservation structures were collected from 3 allocated and 3 

adjacently non-allocated hillsides. Our findings indicated that hillside allocation 

improved the length of physical soil and water conservation structures by 58% 

(from 1310 meters ha
-1

 on communal hillsides to 2067 meters ha
-1

 on allocated 

hillsides). Hillside allocation to landless youth also improved tree survival rate, 

number of woody species and species diversity by 25%, 14% and up-to 62%, 

respectively. It can be concluded that allocation of communal hillsides to landless 

youth resulted in improved land management and vegetation cover on top of their 

economic benefits. This implies that the strategy can be taken as a potential 

option to overcome the challenges of land degradation. 
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INTRODUCTION 
Globally, about 10 to 20% of the dry lands are already degraded, and about 

12 million ha is degrading each year (Yirdaw et al., 2017). The natural vegetation 
in communal lands was highly degraded for fuel wood, timber and grazing 
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(Gebremedhin et al., 2001), which in turn led to loss of biodiversity (Oniki et al., 
2020). For example, more than 80% of the energy used in developing countries 
such as Tigray, northern Ethiopia, comes from biomass (Gebremichael and 
Waters-Bayer, 2007; Shahzad et al., 2023). Forest destruction mostly occurred on 
steep communal hillsides due to the existence of freely available natural resources 
(Gebremedhin et al., 2003; Berhe and Hoag, 2014). 

Several alternative solutions such as hillside afforestation, conservation, 
privatization, state ownership, imposition and enforcement of use rules and 
regulations have been implemented in Tigray since the beginning of the1990s to 
achieve better vegetation cover and contribute to improved livelihoods of local 
communities (Gebremedhin et al., 2001; Gebremedhin et al., 2003; Alefew, 
2016; Meaza et al., 2016; Shimelse et al., 2017). In 1997, allocation of degraded 
and unproductive communal hillsides to individuals has been initiated and used as 
a policy framework by the government and local communities in Tigray to solve 
land degradation and the economic problems of landless youth (Gebremedhin et 
al., 2001; Haile et al., 2006; Meaza et al., 2016; Shimelse et al., 2017). For 
example, in Atsbi-Womberta district, where this study took place, 34,456 ha of 
communal hillsides were allocated to 47 youth groups/cooperatives (Gebregergs 
and Abraha, 2013). 

Nevertheless, scaling up of these interventions is challenged by scarcity of 
well-organized and documented research results that indicate the contributions of 
allocated hillsides to vegetation recovery as well as performance of implemented 
soil and water conservation measures. To our knowledge, only limited studies 
such as Meaza et al. (2016), and Gebregergs and Abraha (2013) were conducted 
on related issues. The 1

st
 study focused on the contributions of land allocation to 

degraded hillsides’ re-vegetation; while the 2
nd

 study dealt with the contributions 
of land allocation to the livelihood of landless farmers. However, the results of 
these studies cannot be fully adapted to the entire region for at least four major 
reasons: i) the studied locations were limited to the mid-land agro-ecology (1500-
2300 m above sea level), while the region is characterized by the highland (>2300 
m above sea level), mid-land (1500-2300 m above sea level), and lowland (<1500 
m above sea level) agro-ecologies; ii) they were old, written based on data 
collected before 2013, which cannot easily fit to the recent development; iii) 
impact on other indicators such as the performance of the implemented soil and 
water conservation structures were not adequately evaluated; iv) they focused on 
degraded hillsides allocated to landless individual farming households, while 
many hillsides are also allocated to youth groups/cooperatives. 

Hence, this study aimed at establishing up-to-date information on the 
contribution of landless youth groups’ managed hillsides to woody vegetation 
recovery and performance of soil and water conservation structures in the 
highland agro-ecology.  

 

MATERIAL AND METHODS 

Study site 

The study was carried-out in Atsbi-Womberta district, in the highlands of 

Tigray (elevation > 2300 m above sea level), northern Ethiopia (Figure 1). The 
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total area of the district is about 147,096 ha, of which 34,456 ha communal 

hillsides are allocated to 47 youth groups/cooperatives. The district is 

geographically located between 13°33’0” - 14°6’0’’N and 39°39’0’’ - 

39°54’0’’E. The study was, specifically, piloted in three communal hillsides 

namely ‘Tikul-emni at Ruba-felleg village, Enda-anahb at Dibab-akorean village 

and Adefa at Hayellom village’. The 1
st
 site, Tikul-emni, was allocated to a 

formal youth group/cooperative (composed of 7 male and 10 female members) 

called “SEGENAT” in 2016. The 2
nd 

site, Enda-anahb, was allocated to a formal 

youth group/cooperative (composed of 31 male and 17 female members) known 

as “SEGISELAM” in 2011. The 3
rd

 site, Adefa, was allocated to an informal 

youth group (composed of 60 male and 20 female members) in 2000. 

Based on the 2019 population projection, the district has a total population 

of 133,813 or 20,089 households. The climate ranges from cool to warm with an 

average temperature and rainfall of 18°C and 667.8 mm, respectively. The agro-

ecology of the district is classified in to highland/Degua (75% of the total area) 

and midland/Weina-Degua (25% of the total area) (ILRI, 2004). However, all of 

the studied sites are found in the highland/Degua agro-ecology, which is related 

to the high population size in such agro-ecologies that requires puting every 

possible piece of land in to food and energy production (Gete et al. 2006; Gashaw 

et al., 2014). The farming system in the area is also characterized as mixed 

farming in which livestock rearing (such as cattle, shoat, poultry and bee keeping) 

and crop production (such as Hordeum vulgare/barley, Triticum aestivum/wheat, 

Vicia faba/Faba bean and Eragoristic tef/Tef) are integral components (ILRI, 

2004).  

 
Figure 1. Location of the specific sites in Tigray, Ethiopia 
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Study method 

Data were collected from a total of 74 plots in three allocated and three 
adjacent communal hillsides (Table 1). The assumption is that both hillsides had 
similar conditions before land allocation. Field survey (observation and 
measurement), focus group discussions and key informants’ interview were the 
major primary data collection methods employed. Field survey, with the aim of 

assessing woody species recovery and existing soil and water conservation 
measures, was conducted in three parallel transect lines in each study site. Sample 
plots were laid along each transect at a distance of 100 meters between lines and 
40 meters between plots as suggested in Abiyu et al. (2011) and Kuma and 
Shibru (2015). 

 

Table 1. Sample plot size and their distribution (Source: Field survey, 2020). 

Study site Allocated hillsides Non-allocated hillsides Total 

Ha  Plots  Ha  Plots  Ha  Plots 

Tikul-emni 2.68 7 2.68 7 5.36 14 

Enda-anahb 6.37 13 6.37 13 12.74 26 

Adefa 9.18 17 9.18 17 18.36 34 

Total 18.23 37 18.23 37 36.46 74 

 

Each sample plot had a square shape (20 m × 20 m) and three nested 
compartments of different sizes as proposed in Yami et al. (2006) and Kuma and 
Shibru (2015). The woody vegetation recovery status of both land uses was 
determined through measurement of species composition, density, diversity, and 
tree survival rate following recommendations in Mengist et al. (2005) and 
Tewolde-Berhan et al. (2016). On the 1

st
 compartment (20 m × 20 m plot size), 

three tasks were accomplished: i) the length, type and quality of the existing 
physical soil and water conservation structures were recorded as suggested in 
Walie and Fisseha (2016); ii) species composition, diversity, density and tree 
survival of planted and naturally grown woody species having ≥ 10 cm diameter 
at breadth height (dbh), and greater than two-meters in height were recorded as 
proposed in Yami et al. (2006); iii) for species having less than one-meter height, 

only their number was recorded as put forward in Birhane et al. (2006). On the 
2

nd
 compartment (5 m × 5 m plot size), both planted and naturally grown sapling 

trees with 2<dbh≤10 cm were counted and recorded as suggested in Tewolde-
Berhan et al. (2016); shrubs with ≥ 2 cm diameter at 30 cm stem height above the 
soil surface was measured and counted as proposed in Mengist et al. (2005) and 
Yami et al. (2006). On the 3

rd
 compartment (2 m ⨯ 2 m plot size), the number of 

naturally regenerated woody species having less than one-meter height was 
counted as recommended in Mengist et al. (2005) and Tewolde-Berhan et al. 
(2016); their survival rate was estimated following equation 1. Woody vegetation 
status in each site was described in terms of species diversity, species evenness 
and Simpson’s diversity index (Kent, 2011). 
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 (Eq.1) 

 

To obtain more reliable information, the field survey data were supported 

by focus group discussions (FGDs). Therefore, a total of three FGDs each 

composed of twelve respondents (six from user and six from non-user group) 

were conducted. Finally, quantitative data obtained through field survey were 

analyzed by using SPSS. Descriptive statistics such as mean, percentage and 

frequency were used to present the qualitative results. Independent t-test was 

employed to analyze the differences between the two land use types (allocated 

and communal hillsides) and for each specific objective. The implemented soil 

and water conservation structures, survival rate, diameter at breast height (dbh), 

and vegetation density were treated as responsible variables, while land use as a 

group (Asmare and Gure, 2019). 

 

RESULTS AND DISCUSSION 

Impact on quality of the implemented physical SWC measures 

Major physical soil and water conservation (SWC) measures implemented 

in the studied sites were hillside terrace, and hillside terrace+trench (Table 2). 

The results showed that the length of the implemented physical SWC structures 

was much better on the allocated hillsides, which was 58% higher as compared to 

the communal hillsides (from 1310 meters ha
-1

 on communal to 2067 meters ha
-1

 

on allocated hillsides). Hence, hillside allocation gave a chance for additional 

hillside terraces and trenches construction on ten of the 37 plots. 

 

Table 2. Occurrence of physical SWC structures in the study sites (Source: Field 

survey, 2020). 

SWC Structure 
Tikul-emni Enda-anahb Adefa Total 

AHS NAHS AHS NAHS AHS NAHS AHS NAHS 

Hs trace m ha-1  16,500 8,500 7,500 20,500 33,000 19,500 57,000 48,500 

Hs+trenc m ha-1 0 0 18,000 0 1,500 0 19,500 0 
Coverage m ha-1 16,500 8,500 25,500 20,500 34,500 19,500 76,500 48,500 

Mean m ha-1 2,357 1,214 1,961 1,576 2,029 1,147 2067 1310 

Std.dev 244 447 431 187 514 606 459 593 

M.difference 1,143 384 882 123 

T-value 3.22 2.95 4.58 6.14 

p-value 0.015 0.009 0.000 0.000 

AHS=Allocated, NAHS=Non-Allocated 

 

Our findings also indicated that the quality of physical SWC structures on 

allocated hillsides was more superior to those on the communal hillsides (Table 

3). The dimension (height and width) of the implemented SWC structures on 

allocated hillsides were statistically different (p<0.001) as compared to the 

communal hillsides. Out of the 37 plots studied on the communal hillsides, 

physical SWC measures implemented in four plots were totally destructed; while 

these structures were fully maintained on the allocated ones. 
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Table 3. SWC structure dimension (width and height) in the study sites (Source: 

Filed survey, 2020). 
Dimension Tikul-emni Enda-anahb Adefa Total 

 AHS NAHS AHS NAHS AHS NAHS AHS NAHS 

Width          

Mean  0.3 0.27 1.0 0.32 0.32 0.24 0.56 0.28 

Std.Dev 0 0.21  0 0.04 0.07 0.14 0.33 0.13 

Mean diff 0.04 0.68 0.08 0.28 

T-value 0.367 55.66 2.10 7.32 

p-value 0.73 0.000 0.047 0.000 

Height         

Mean  0.5 0.36 1.18 0.38 0.58 0.30 0.78 0.34 

Std.Dev 0.21 0.28 0.06 0.13 0.10 0.17 0.31 0.18 

Mean diff 0.14 0.08 0.28 0.44 

T-value 1.34 20.66 5.79 7.32 

p-value 0.205 0.000 0.000 0.000 

AHS=Allocated hillside; NAHS=non-allocated hillside 

 

Impact on vegetation recovery 

Tree survival rate 

The vegetation regeneration status of woody plants was also evaluated 

taking tree survival rate as an indicator. Our findings indicated that hillside 

allocation increased tree survival rate by more than 25% as compared to the 

communal ones (Table 4). 

 

Table 4. Summary of planted trees and their survival rate (Source: Field survey, 

2020) 
 Tikul-emni Enda-anahb Adefa Total 

 AHS NAHS AHS NAHS AHS NAHS AHS NAHS 

Planted (N ha-1) 2,100 2,010 1,800 1,900 3,900 3,910 7,800 7,820 

Counted (N ha-1) 1,655 1,000 1,150 820 2,820 1,835 5,616 3,655 

Survived (%) 78.8 50.05 64.05 43.2 72.3 46.9 72 46.7 

p-value 0.006 0.010 0.009 0.001 

AHS=Allocated hillside; NAHS=Non-allocated hillside 

 

Woody species density 

Field survey results indicated a significant difference on the number of 

woody plant species between the two land use types (Figure 2). Woody species in 

the order of occurrence on the allocated hillsides were Acacia seyal (25.6%) > 

Olea africana (21.3%) > Dodonea angustifolia (17%) > Juniperus procera 

(10.9%) > Rhus vulgaris (8.1%) > Acacia etbaica (9%). Whereas, Dodonea 

angustifolia (18%) > Calpurnia aurea (3.3%) > Carissa edulis (3.8%) dominated 

the communal hillsides. Land allocation to youth groups increased the number of 

trees in a hectare from 25 to 148 trees, a 4.9-fold increase. 
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Figure 2. Number of tree and shrub seedlings in a hectare in the study sites 

 

Woody species composition 

The experimental results indicated that allocated hillsides had higher 

species composition than the communal ones (Table 5). Allocated hillsides had 

16 woody species representing 12 families; while only 14 species representing 10 

families were recorded in the communal hillsides. This implies hillside allocation 

to landless youth improved woody species and family’s composition by 14.3% 

and 20%, respectively; while species diversity increased by up to 62%. 

  

Table 5. Shannon–Wiener diversity index of species in the study sites (Source: 

Field survey, 2020) 
Species Tikul-emni Enda-anahb Adefa Total 

AHS NAHS AHS NAHS AHS NAHS AHS NAHS 

Sh.diversity 1.64  1.10 1.22 0.95 1.78 1.07 2.4 1.48 

S. diversity 0.79 0.59 0.68 0.52 0.73 0.59 0.85 0.72 

Evenness 0.85 0.69 0.87 0.68 0.68 0.49 0.76 0.56 

Abundance 90 164 422 567 541 498 1053 1229 

AHS=Allocated hillside; NAHS=non-allocated hillside 

 

Woody species diversity 

The Shannon diversity index of woody species indicated that Eucalyptus 

globulus, E. camadulensis, Euclea schimperi, Rumex nervosus and Becium 

grandiflorum were uniformly distributed all over the sampled plots in the 



Teka et al. 

 
48 

allocated hillsides. However, two of these species (Calpurnia aurea and Carissa 

edulis) were absent in the adjacent communal hillsides. Rumex nervosus (0.39), 

Becium grandiflorum (0.36) and Euclea schimperi (0.35) were more diverse than 

the other species found in the non-allocated hillsides. 

Species evenness 

Species equitability (evenness) ranges between 0.33 and 0.75 for non-

allocated hillside, while it was 1.0 for the allocated ones. These values indicate 

that allocated hillsides were more diverse than their adjacent communal hillsides. 

Similarity assessment results, above 0.58 in most of the studied plots, indicate the 

species were nearly similar.  

Stand basal area, important value index (IVI) and dominancy 

Table 6 shows the measurement results of stand basal area, important value 

index (IVI) and dominancy of both land uses. The survey results indicated higher 

basal area (3.73 m
2
 ha

-1
) on the allocated than that of communal hillside (0.78 m

2
 

ha
-1

). Taking tree basal area as an example, allocated hillsides had higher tree 

basal area (5 m
2
 ha

-1
) than communal hillsides (0.3 m

2
 ha

-1
). Important value 

index (IVI) and dominancy values also shown variation between the studied land 

use types. On the allocated hillsides, Eucalyptus species had the highest important 

value index (IVI); while, Calpurnia aurea and Withania somnifera had the lowest 

IVI. Shrubs such as Euclea schimperi, Becium grandiflorum, and Rumex nervosus 

had the highest IVI in the communal hillsides. The highest IVI indicates that the 

species is uniformly dispersed with big value of dominancy position. 
 

Table 6. Stand basal area measurement results (Source: Field survey, 2020) 
Species Tikul-emni Enda-abahb Adefa Total 

AHS NAHS AHS NAHS AHS NAHS AHS NAHS 

Tree g ha-1 1.37 0 8.29 0 6.60  0.20 5.11  0.33 

Sapling g ha-1 2.54 0.61 3.00  0 3.21 1.24 2.69 0.94 

Shrub g ha-1 0.98 1.21 1.66 1.40 3.41 5.56 2.58 3.14 

Total  2.48 0.57 4.50 0.47 3.27 0.74 3.73 0.78 

Mean difference 2.54 2.95 

T-value 1.75 1.40 

p-value 0.009 0.000 

AHS=Allocated hillside; NAHS=non-allocated hillside 

 

DISCUSSSION 

Quality of the implemented physical SWC measures 

The dominance of hillside terrace and hillside terrace+trench in the study 

area (Table 2) supports the findings of Asnake and Elias (2017) for the hilly and 

mountainous areas of Ethiopia. Moreover, Desta et al. (2005) stated that the 

dominant presence of hillside terraces on such mountainous areas was related to 

its suitability to construct on arid and semi-arid environmental conditions. The 

superior quality of physical SWC structures on allocated hillsides (Table 3) was 

related to the continuous and improved construction and maintenance of SWC 
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structures by the youth groups that in turn led to the lower destruction and 

exploitation status of these and other resources in these hillsides (Mekonnen and 

Tesfahunegn, 2011). 

Vegetation recovery 

The highest tree survival rate result, 25% higher than the communal ones, 

shown in Table 4 corresponds with the findings of Jagger et al. (2005) that 

reported community-managed woodlots had lower tree survival rate 

(approximately 45%) compared to the household managed woodlots with 65% 

survival rate, an increase by 20%. Limited sense of ownership of the community 

in the community managed hillsides was the major reason for the poor tree 

survival rate. Results from the focal group discussions (FGDs) and key 

informants interview indicated that majority of the local community assume 

communal hillsides as the property of the local authority. As a result, farmers 

throw–out seedlings to the surrounding, plant upside down during plantation 

campaign, and send livestock to graze/ browse in the dark. These reports are in 

par with the findings of Meaza et al. (2016) that pointed out moisture stress and 

free-ranging by livestock were the major reasons for the poor tree survival rate in 

the communal hillsides. 

In addition to its positive impact on tree survival rate, land allocation to 

youth groups resulted to a 4.9-fold increase in the number of trees in a hectare 

(Figure 2). This implies that land allocation to youth groups results in better 

vegetation recovery as compared to their corresponding communal hillsides. 

These results are also in accordance to the findings reported in Gebregergs and 

Abraha (2013) that revealed an increase of tree density in managed fields by a 

factor of 4.1 over disturbed hillsides. Mengist et al. (2005), Mekuria and 

Aynekulu (2011) and Manaye et al. (2019) also reported a similar result that 

revealed better regeneration potential in managed fields than adjacent communal 

fields. 

Survey results on species diversity have also shown a 33% increase on 

allocated land as compared to the communal fields (Table 5), which is in par with 

the results of Asmare and Gure (2019). However, in most of the studied plots, 

similar plant species were found. This is in agreement with the findings of 

Manaye et al. (2019) that revealed a high species similarity due to the presence of 

similar edaphic, climatic condition and altitudinal ranges of the existing land use 

and vegetation types in the past that in turn leads to re-appearing of similar 

vegetation types. 

The survey results, further, indicated a 378% higher basal area on allocated 

hillsides than those of communal ones, in which Eucalyptus species had the 

highest important value index (IVI) and dominancy. The highest IVI of 

Eucalyptus species in the allocated hillsides was related to its high preference by 

the community for multiple uses, economic returns, and resistance to water stress 

and ecological agents (Saadaoui et al., 2017; Birhanu and Kumsa, 2018; Getnet et 

al., 2022). The dominancy of Euclea schimperi, Becium grandiflorum, and 
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Rumex nervosus in the communal hillsides, was also related to their advantage of 

primary succession and less palatability for browsers (Birhane et al., 2007). 

 

CONCLUSIONS 

This study assessed the effect of allocated degraded hillsides on woody 

vegetation recovery and quality of the implemented physical soil and water 

conservation (SWC) structures by comparing them with adjacent communal 

hillsides. Survey results showed that the quality and quantity of the implemented 

SWC measures were much better on the allocated hillsides. Hillside terrace + 

trench was particularly implemented on the allocated hillsides to boost the growth 

of planted trees through minimizing soil moisture stress. From the length point of 

view, the area coverage of SWC was 58% higher on allocated hillsides. Trees 

survival rate was also 25% higher on allocated hillsides. Moreover, allocated 

hillsides were better in species composition, diversity and density. Thus, it can be 

concluded that allocating degraded hillsides to landless youth groups improves 

woody vegetation recovery, and quality of soil and water conservation structures 

in addition to their economic benefits. 

 

ACKNOWLEDGEMENTS 

The authors are thankful to the Ruba-felleg, Dibab-akorean and Hayellom 

Kebelles’ administrators and development agents for their technical support. This 

research did not receive any specific grant from funding agencies in the public, 

commercial, or not-for-profit sectors. It was performed as part of the employment 

of the authors, Mekelle University, Kilte-Awulaelo Office of Agriculture and 

Rural Development, KU Leuven and VLIR-UOS global minds program. 

 

REFERENCES 
Abiyu A., Lemenih M., Gratzer G., Aerts R., Teketay D., Glatze G., 2011. Status of 

Native Woody Species Diversity and Soil Characteristics in an Exclosure and in 

Plantations of Eucalyptus globulus and Cupressus lusitanica in Northern Ethiopia. 

Mountain Research and Development (MRD), 31(2): 144-152. 

https://doi.org/10.1659/MRD-JOURNAL-D-10-00116.1. 

Alefew T., 2016. Assessment on Effectiveness and Sustainability of PSNP Community 

Based Participatory Reforestation and Hill Land Management through Watershed 

Management Activity in Dega, Woina Dega and Kolla Agro-ecological Zones: 

The Case of Amhara Sayint Woreda: South. College of Education and Behavioral 

Studies Department of Geography and Environmental Education Summer 

Program. Addis Ababa University, Addis Ababa. Pp. 110. 

Asmare M.T., Gure A., 2019. Effect of exclosure on woody species diversity and 

population structure in comparison with adjacent open grazing land: the case of 

Jabi Tehnan district north western Ethiopia. Ecosystem Health and Sustainability, 

5(1): 98–109. DOI: 10.1080/20964129.2019.1593794. 

Asnake B., Elias E., 2017. Challenges and extents of Soil and Water Conservation 

measures in Guba-Lafto Woreda of North Wollo. Journal of Agricultural Research 

and Development, 7(2): 103–110. DOI: 

http://dx.doi.org/10.18685/EJARD(7)2_EJARD-16-012. 



Can degraded communal hillside allocation to landless youth improve woody vegetation recovery?  51 

Berhe M., Hoag D., 2014. The livelihood effects of landless people through communal 

hillside conservation in Tigray Region, Ethiopia. Journal of Development and 

Agricultural Economics, 6(7): 309–317. DOI:10.5897/JDAE2014.0571. 

Birhane E., Teketay D., Barklund P., 2006. Actual and potential contribution of 

exclosures to enhance biodiversity of woody species in the drylands of Eastern 

Tigray. Journal of the Drylands, 1(2): 134-147. ISSN 1817-3322.  

Birhane E., Teketay D., Barklund P., 2007. Enclosures to Enhance Woody Species 

Diversity in The Dry Lands of Eastern Tigray, Ethiopia. East African Journal of 

Sciences, 1 (2) 136-147. DOI: 10.4314/eajsci.v1i2.40352. 

Birhanu S., Kumsa F., 2018. Review on Expansion of Eucalyptus, its Economic Value 

and Related Environmental Issues in Ethiopia. International Journal of Research in 

Environmental Science, 4(3): 41-46. DOI: http://dx.doi.org/10.20431/2454-

9444.0403005. 

Desta L., Carucci V., Wendem-Ageňehu A., Abebe Y., 2005. Community Based 

Participatory Watershed Development: A Guideline. Ministry of Agriculture and 

Rural Development, Addis Ababa, Ethiopia. Pp. 74.  

Gashaw T., Behaylu A., Tilahun A., Fentahun T., 2014. Population Growth Nexus Land 

Degradation in Ethiopia. Journal of Environment and Earth Science 4 (11): 54 - 

57. ISSN 2225-0948  

Gebregergs H.M., Abraha G.G., 2013. Re-Vegetation of Degraded Hillsides Through 

Household Tree Planting in Northern Highlands of Ethiopia. International Journal 

of Scientific Research, 2(3): 2277 – 8179. DOI:10.15373/22778179/MAR2013/59. 

Gebremedhin B., Pender J., Ehui S.K., Haile M., 2003. Policies for sustainable land 

management in the highlands of Tigray, northern Ethiopia: Summary of papers 

and proceedings of a workshop held at Axum Hotel, Mekelle, Ethiopia, 28–29 

March 2002. Socio-economic and Policy Research Working Paper 54. ILRI 

(International Livestock Research Institute), Nairobi, Kenya. 75 pp. 

Gebremedhin B., Penderb J., Tesfay G., 2001. Community Resource Management: The 

Case of Grazing Lands in Northern Ethiopia" (2001). International Conference on 

African Development Archives. 49. Pp. 18. 

Gebremichael Y., Waters-Bayer A., 2007. Integrating environment and local development 

in Tigray Region of Ethiopia. Irish Aid. Pp. 32. ISBN: 9781843696612. Available 

at: http://pubs.iied.org/pubs/pdfs/12539IIED.pdf. 

Gete Z., Menale K., Pender J., Mahmud Y., 2006. Stakeholder analysis for Sustainable 

Land Management (SLM) in Ethiopia: Assessment of opportunities, strategic 

constraints, information needs, and knowledge gaps. Environmental Economics 

Policy Forum for Ethiopia (EEPFE). Ethiopia. Pp. 97. 

Getnet M.T., Ketema M., Alemu B., Demilew G., 2022. An Assessment on Socio-

Economic Impacts of Smallholder Eucalyptus Tree Plantation in the case of 

Northwest Ethiopia. European Online Journal of Natural and Social Sciences, 11 

(1): 250-262. SSN 1805-3602. 

Haile M ., Herweg K., Stillhardt B., 2006. Sustainable Land Management – A New 

Approach to Soil and Water Conservation in Ethiopia. Geography. 

DOI:10.7892/BORIS.19217. 

ILRI. 2004. Atsbi Wemberta Pilot Learning Site diagnosis, program design and atlas. 

Nairobi, Kenya: ILRI.Pp. 75. 

Jagger P., Pender J., Gebremedhin B., 2005. Trading Off Environmental Sustainability for 

Empowerment and Income: Woodlot Devolution in Northern Ethiopia. World 

Dev., 33: 1491–1510 



Teka et al. 

 
52 

Kent M., 2011. Vegetation Description and Analysis: A practical approach (2nd Edition). 

Wiley-Blackwell. Pp. 448. ISBN: 978-1-119-96239-7. 

Kuma M., Shibru S., 2015. Floristic Composition, Vegetation Structure, and Regeneration 

Status of Woody Plant Species of Oda Forest of Humbo Carbon Project, Wolaita, 

Ethiopia. Journal of Botany, 2015(2):1-9. DOI:10.1155/2015/963816. 

Manaye A., Negash M., Alebachew M., 2019. Effect of degraded land rehabilitation on 

carbon stocks and biodiversity in semi-arid region of Northern Ethiopia. Forest 

Science and Technology, 1–9. https://doi.org/10.1080/21580103.2019.1592787. 

Meaza, H., Tsegaye D., Nyssen J., 2016. Allocation of degraded hillsides to landless 

farmers and improved livelihoods in Tigray, Ethiopia, Norsk Geografisk Tidsskrift 

- Norwegian Journal of Geography, 70(1): 1-12. 

https://doi.org/10.1080/00291951.2015.1091033. 

Mekonnen K., Tesfahunegn G.B., 2011. Impact assessment of soil and water conservation 

measures at Medego watershed in Tigray, northern Ethiopia. Maejo International 

Journal of Science and Technlogy, 5(03): 312-330. ISSN 1905-7873. 

Mekuria W., Aynekulu E., 2011. Exclosure Land Management for Restoration of the 

Soils in Degraded Communal Grazing Lands in Northern Ethiopia. Land 

Degradation & Development, 11. https://doi.org/10.1002/ldr.1146. 

Mengist T., Teketay D., Hulten H., Yemshaw Y., 2005. The role of enclosures in the 

recovery of woody vegetation in degraded dryland hillsides of central and northern 

Ethiopia’. Journal of Arid Environments, 60(2): 259–281. 

https://doi.org/10.1016/j.jaridenv.2004.03.014. 

Oniki S., Berhe M., Takenaka K., 2020. Efficiency Impact of the Communal Land 

Distribution Program in Northern Ethiopia. Sustainability 12, 4436. 

DOI:10.3390/su12114436. 

Saadaoui, E., Ben Yahia, K., Dhahri, S., Ben Jamaa, M.L., Khouja, M.L., 2017. An 

overview of adaptative responses to drought stress in Eucalyptus Spp. Forestry 

Studies | Metsanduslikud Uurimused 67, 86–96. DOI:10.1515/fsmu-2017-0014. 

Shahzad U., Elheddad M., Swart J., Ghosh S., Dogan B., 2023. The role of biomass 

energy consumption and economic complexity on environmental sustainability in 

G7 economies. Business Strategy and the Environment, 32(1): 781–801. 

https://doi.org/10.1002/bse.3175. 

Shimelse S., Bekele T., Nemomissa S., 2017. Determinants of sustainability of exclosure 

establishment and management practices in Tigray Region, Ethiopia. International 

Journal of Scientific and Research Publications, 7(12): 442–456. ISSN 2250-3153. 

Tewolde-Berhan S., Ralph M., Muys B., Haile M., 2016. Vegetation Improvement in 

Communal Closed Areas in Tigray, Ethiopia. Tfap. Pp. 1–8. 

Walie S.D., Fisseha G., 2016. Evaluation of Land Use Types and Physical Soil and Water 

Conservation Structures in Wyebla Watershed, Northwest Ethiopia. International 

Journal of Environmental Protection, 6(1): 90–96. DOI:10.5963/IJEP0601008. 

Yami M., Gebrehiewet K., Stein M., Mekuria W., 2006. Impact of area enclosures on 

density, diversity, and population structure of woody species: the Case of May 

Ba’ati-Douga Tembien, Tigray. Pp. 99-116. Available at: 

https://www.researchgate.net/publication/225187736. 

Yirdaw E., Mulualem T., Monge A. 2017. Rehabilitation of degraded dryland ecosystems 

– review’. Silva Fennica. 51(1):1–32. https://doi.org/10.14214/sf.1673. 


