
Journal of Natural Sciences Research                                                                                                                                                www.iiste.org ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) Vol.7, No.13, 2017  

28 

Contribution of Exclosures for Restoration of Woody Species 
Diversity and Regulating Ecosystem Services in Ethiopia  Ashenafi Manaye Mekele Environment and Forest Research Center, Ethiopian Environment and Forest Research Institute,Ethiopia  

Abstract In Ethiopia Exclosures has been recognized as promising practice in the restoration of degraded land and regulating the environmental services. Though, study on the role of exclosures on rehabilitating of degraded land is very little, fragmented and doesn’t often integrate the regulating environmental services. To scale up this practices insight to the Ethiopian level, I carry out reviewing different research articles on the role of exclosure to biodiversity of woody species and regulating ecosystem services. The review of this study showed that exclosure significantly enhanced woody species diversity; reducing soil erosion, improve Soil nutrient contents and the ecosystem carbon stock potential over the adjacent communal grazing lands. In addition to this establishing exclosures has a high contribution to the livelihood of local communities. As a result the local communities have a positive attitude towards the establishment of exclosures in the degraded lands. Overall review from this study strongly indicates that establishment of exclosures in the degraded lands of Ethiopia are a win-win situation since it is advantageous over the people, natural and climate of the country. However, by involving the key stakeholders the governmental and nongovernmental organizations (NGOs’) should have to expand this practice to whole degraded lands of the country.  
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1. Introduction Land degradation has negative impacts on productivity of land, biodiversity, soil fertility and other ecosystem services. Globally, an estimated 25% of the land has been degraded (FAO, 2011). Land degradation is a severe problem across sub-Saharan Africa, and Ethiopia is among the most affected countries. In Sub-Saharan Africa the lives of millions of people was threatening because of land degradation (Blay et al., 2004). On year 1980s, land degradation especially in the Ethiopian highlands has been identified as the most severe environmental problem (Aune et. al., 2001, Hagos and Holden, 2002). For instance the dry land vegetations of Ethiopia are facing to sever degradation as the result of deforestation, agricultural land expansion and over-grazing (Lemenih et al., 2005; Mengistu et al., 2005). This is triggered by population expansion and over-exploitation of the natural resources (Mekuria et al., 2009, Hurni et al., 2005). Therefore, there is an urgent need for their restoration, proper management, sustainable utilization and conservation, which, in turn, require a good understanding of their stand structures as well as diversity and status of regeneration of woody species (Neelo et al., 2015). Recently, several international efforts are directed toward restoring degraded ecosystems and have set goals, such as restoring 15% of degraded ecosystems (CBD, 1992) and 150 million ha of deforested and degraded forests by 2020 (Lamb, 2011). Ethiopia initiated a number of projects including soil and water conservation works and the establishment of exclosures to stop further land degradation (Nedessa, 2003). About three decades ago the communities in the highlands of Ethiopia started to establish exclosures as part of effort to restore biodiversities and regulating environmental services (Mekuria and Yami, 2013; Mekuria and Aynekulu, 2011). Recently, the government of Ethiopia also initiated climate resilience of green economy (CRGE) strategies identified forestry as the main pillars. At the same time Ethiopian government was also pledged to restore 15 million ha of degraded land which is about one-sixth of the country total area which can sequester 1.42 Gt CO2 by 2025. Exclosures are a type of land management, implemented on degraded land for environmental restoration (Tucker and Murphy, 1997). Exclosures play significant roles in carbon sequestration and mitigation of climate change, soil and water conservation, watershed protection, nutrient recycling, nitrogen fixation, amenity and recreation, creation of microclimate and biodiversity conservation (Neelo et al., 2015). Exclosures are usually established in steep, eroded and degraded areas that have been used for grazing in the past (Mekuria, 2013). It is effective system because of involving the local communities in the establishment of exclosures and the responsibility of local authorities for management and control of the area (Descheemaeker et al, 2006). Though they are small in number and fragmented, several studies have been investigated on the interaction between establishment of exclosures, woody species diversity and regulating ecosystem services. For instance, different studies showed that exclosure of degraded communal lands has a great role to improve woody species diversity (Mengistu et al., 2005; Yami et al., 2006; Yayneshet, 2011; Getseselassie, 2012; Mekuria, 2013), improving soil nutrient content and properties (Mekuria and Aynekulu, 2011), regulate total amount of woody species  biomass (Mekuria, 2007; Mekuria and yami, 2013),  soil and water erosion control (Mekuria et al., 2009), generating of animal feed and human food (Getseselassie, 2012) and sequestering and storing of C 
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(Yayneshet et al., 2008; Wolde Mekuria et al., 2009, Yimer et al., 2015).  Currently the government of Ethiopia, incorporates exclosure as a strategies which supports to address reducing of deforestation and forest degradation plus (REDD+) with the existing legal and policy framework (R_PP, 2011). However, this review on establishment of exclosures in Ethiopia is required for further expansion and to support polices on restoration of degraded land.  The aim of this reviewing paper is to discuss on how establishing exclosure contributes to restore woody species diversity and regulating environmental services.  
2. Methods Several published and unpublished research articles related to exclosures were collected and selected for this review. These research articles are collected directly from the author as well as downloading from the web pages using “Exclosures”, “Enclosures”, and “Rehabilitation of degraded lands” and “Restorations “as key words. A review of research articles were done by grouping similar articles to each sub titles and then trying to summarize.   
3. Exclosure enhanced woody species composition, diversity and structure Establishing exclosures are the cheapest and convenient methods employed to restore, manage and conserve woody species in the degraded areas (Birhane et al., 2004, 2006; Mengistu et al., 2005; Hailu et al., 2006; Mekuria, 2007; Teketay et al., 2010). Several studies indicated that establishment of exclosure in a degraded land enhances the floristic diversity, composition, structure and density. For instance, in Ethiopia the number of woody species found in Exclosure are more than the adjacent open grazing lands (Mengistu et al., 2005 Birhane et al., 2007; Yayneshet, 2011; Mekuria and Yami, 2013; Kasim et al., 2015). The composition of woody vegetation in exclosures depends largely on age of the exclosure establishment (Pielou, 1975; Yami et al., 2006; Birhane et al., 2007; Mekuria and Yami, 2013). For example Birhane et al., (2006), reported increase in woody species richness of 13 after 8 years of exclosure establishment. The reason for high species richness appearance in exclosure indicates that a long period of protection from livestock and human interface, which can allowing regeneration of tree and shrubs, exemplified in Ethiopia (Tekle, 2001; Mengistu, 2001), in Eritrea (Medaine,1997 ) and in Northeastern Botswana (Neelo et al., 2015). Similarly, the abundance of woody species was larger in exclosure than adjacent open grazing land (Birhane et al., 2007). In exclosures higher diversity values were recorded as compared to adjacent open grazing land (Kasim et al., 2015; Mekuria and Yami, 2013; Yayneshet, 2011; Mengistu et al., 2005). Mengistu et al., (2005), Study shows that, the value of wood plant diversity found in exclosure is two times more than the value of diversity recorded in open grazing land after 22 years of exclosure establishment.  This is simply as a result of excluding human and livestock interface from the degraded areas (Mengistu et al., 2005; Zerihun and Backeus, 1991). Whereas, study conducted in Eastern Tigray Ethiopia by Birhane et al., (2007), in Eritrea by Medanie (1997) and in Tanzania by Mwalayosi (2000) shows that the species diversity of the open areas was recorded to be higher than the closed areas. According to these authors, this is because of the Shannon diversity index is highly influenced by the number of dominant and rare species presence. Relatively, the diameter class distribution of the most abundant woody species in exclosure showed an inverted J_ shaped (continuous recruitment of tree species), which suggested a normal population structure as compared to adjacent open grazing lands (Kasim et al., 2015; Birhane et al., 2007); Similarly, other studies on Northeastern Botswana by Neelo et al., (2015), indicates that exclosure contributes on protecting the woody species from disturbance and exploitation. In open sites, human disturbance, particularly grazing, is usually the major reason for hampered or poor regeneration (Zegeye et al., 2011). High browsing pressure can lead to the absence of seedlings or juveniles as a result of high seedling mortality (Tremblay et al., 2007; Negussie et al., 2008). As the exclosure age increases, the density of woody species rises and canopy cover expands (Lemenih and Kassa, 2014). The diversity of all woody species soil seed bank including grass and herbs was greater in the exclosure than adjacent open grazing lands (Birhane et al., 2007; Mengistu et al., 2005). this suggesting that the effect of disturbance by human and livestock  interface on the soil seed banks is more pronounced in the open areas.  
4. Exclosures for regulating Ecosystem services 
4.1. Exclosures to Control Soil Erosion Land degradation in the form of soil erosion and loss of soil fertility caused by the loss of vegetation cover (Fitsum et al., 1999). In Ethiopia, inappropriate agricultural practices such as over-cultivation and overgrazing are most important factors resulting in soil erosion and nutrient losses (Hurni, 1993; Abebe et al., 2014; Mekuria et al., 2009; Bishaw, 2009; Nedass et al., 2005; Lemenih et al., 2005; Mengistu et al., 2005). In the highlands of Ethiopia, the cultivation on steep slopes and clearing of vegetation has accelerated erosion (Bhan, 1988). In the northern Ethiopia report on soil loss shows 35 t ha-1 year-1 from cultivated steep slopes (30-50%) (Brhane and Mekonen, 2009; Keyser and Sonneveld, 2001). Exclosures are established as a type of land management with spatial emphasis to improve environmental conditions and controlling soil erosion in degraded and generally 
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open access lands (Yimer ea al., 2015, Abebe et al., 2014; Mekuria and aynekulu, 2011; Mekuria et al., 2006; Mekuria et al., 2009, Descheemaeker et al., 2006; Medhanie, 1997; Nedass et al., 2005). Study conducted in Tigray regional state, Ethiopia by Mekuria et al., (2009) shows that, 10 years old exclosure, reduced estimated soil erosion by 77% (from 52 to 12 Mg ha-1y-1). This can be because of exclosures has been restored the canopy of trees, shrubs and understory vegetation which can defense against soil erosion (Gidey et al., 2013; Mekuria et al., 2009). Similarly, earlier studies have been showed that vegetation can play an important role to control soil erosion (Cerda, 1999; Descroix et al., 2001; Lopez et al., 1998; Sanchez et al., 2002).  
4.2. Exclosures to enhance soil nutrients and organic carbon stock Land degradation is one of the critical problems in Sub-Saharan Africa which threaten the lives of millions of peoples (Blay et al., 2004). The major consequences of land degradations are the decreased land productivity, gradual decline of soil nutrients and vegetation cover (Abebe et al., 2014). However, exclosures are established to promote natural regenerations and reduce land degradations of previously degraded communal grazing lands (Mekuria et al., 2014 and 2011; Mengistu et al., 2005; Birhane et al., 2007).  Few case studies conducted in the highlands of Ethiopia have shown that exclosures can be effective in restoring degraded soils and increase soil carbon (Mekuria 2013; Mekuria et al., 2014 & 2006; Yimer et al., 2015). Though, study conducted on soil properties and soil organic carbon stocks are not consistent. For instance Reid et al., (2004); Yimer et al., (2015); Abebe et al., (2014) and Mekuria et al., (2009), reported that an increase in organic soil carbon following the establishment of exclosures on grazing lands, whereas (Mekuria et al., 2014) Soil organic carbon and Nutrient contents are not influenced by establishing of exclosures in communal Grazing Land in Nile Basin, Northern Ethiopia. Study conducted in southern Ethiopia by Abebe et al., (2014), Katrien (2007) and Mekuria et al., (2006), in Northern Ethiopia, shows that in the exclosure there is significantly higher Soil Organic carbon (SOC), total nitrogen (TN) and available phosphors than adjacent un protected lands. Similarly Yimer et al., (2015), in central rift valley areas of Ethiopia, also found exclosure has a significantly higher soil organic carbon than open grazing land and Mekuria and Aynekulu (2011), in Tigray regional state, Northern Ethiopia, showed that there is higher total soil nitrogen (N), available phosphorus (P) than adjacent communal grazing lands. Whereas, study conducted by Mekuria et al., (2014), in Nile Basin, Northern Ethiopia shows that communal grazing land displayed significantly higher soil total nitrogen, phosphorus and potassium compared to exclosures; while, there were not significant differences in soil organic carbon. The reason for increasing TN, availability of phosphors and soil organic carbon in exclosures than open grazing land was due to the accumulation of soil organic matter and the presence of this organic matter also affects both the chemical and physical properties of the soil and overall health (Abebe et al., 2014). The higher soil organic matter content in exclosure can potentially improve the soil physical properties such as soil structure and total porosity (Yimer et al., 2015). As a result, the TN and availability of phosphors becomes high since there is directly and significantly correlated with the availability of woody species as they improve the soil organic matter and properties (Abebe et al., 2014; Mekuria and Aynekulu, 2011; Johannes and David, 2000; Loreau et al., 2001). Similarly, Mekuria et al, (2014), also agreed that exclosure enhances soil properties but the nutrient content becomes low as a result of higher nutrient uptake by vegetations and on the other hand, the existence of cow dung manure in communal grazing land may improve SOM in communal grazing lands. In addition to this my third assumption is also since the maximum age of exclosures was short (7years) the variation becomes insignificant. Though, study conducted in China (Chen et al., 2012) and Ethiopia (Mekuria et al., 2011), indicated that exclosures have the capacity to increase soil C sequestration. Other studies also reported increasing soil nutrient retention in ecosystem along with the number of plant species and aboveground biomass (e.g., Johannes and David, 2000; Loreau et al., 2001). Study conducted in the exclosures and adjacent grazing land of highland Tigray, Northern Ethiopia showed that the Average difference in soil organic carbon stock (0-20 cm depth) ranged from 26.0 to 53.7MgC ha-1 at the age of five (5) and twenty (20) years (Mekuria, 2013). With the same depth, study conducted by Mekuria et al., (2009), showed that the soil organic carbon stock ranges from 15.9 to 40.1 Mg C ha-1. 
4.3. Exclosures to enhance Biomass carbon stock Deforestation and land degradation are reducing the ability of the land to support delivery of vital ecosystem services (Bishaw, 2005; Chazdon 2008; Guariguata and Balvanera 2009; Butchart et al. 2010; Hector et al. 2011, Mekuria et al., 2015). In Ethiopia, several studies are reported on the role of exclosure to improving ecosystem services and reversing biodiversity losses. In terms of ecosystem service, exclosure contributes to provisioning ecosystem services through regulating services by aboveground and belowground carbon sequestration (McIntosh, and Allen, 1998, Cheng et al., 2011; Mekuria and Aynekulu, 2011; Mekuria, 2013; Mekuria et al., 2009 & 2015; Ubuy et al., 2014).  Several studies were reported that the above ground (AGB) carbon stock of exclosure were significantly higher than the adjacent open grazing land (Mekuria, 2007; Mekuria et al., 2009; Chengi et al., 2011; Witt et al., 2011). Study conducted by Mekuria et al., (2009), in the lowlands of Tigray Regional state, the average 
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difference in AGB carbon stock of exclosures and adjacent open grazing land ranges between 2.3 and 5.6 Mg C ha-1, in the highlands of Tigray, Northern Ethiopia (age 20) also varied between 2.0 and 7.0MgCha-1 (Mekuria, 2013) and in Nile Basin Ethiopia ranges 0.6 to 4.2 t C ha-1 (Mekuria et al., 2015). According to the Berhe (2015), in Highlands of Tigray the total dry AGB and BGB ranges between 28.01 and 48.7. Study on total annual litter production in Highlands of Tigray regional state also showed that 30 to 425 g m-2. These studs are promising as compared with the study conducted in exclosures of semi arid Mulga lands of Australia which records about 5.8 t C ha-1 over 30 years. Some studies also indicated that the conversion of open grazing lands to exclosures have led to a significant increment (3-4 fold) in carbon sequestration through storing of carbon in the below and aboveground component of forests (Witt et al., 2011; Cheng et al., 2011). The aboveground biomass and carbon were influenced by the age of exclosure (Mekuria, 2013; Mekuria et al., 2015, 2009). This influence of exclosure age was supported by increased number of tree species with exclosure duration when compared to shrub species. Exclosure enhances the biomass carbon stock as a result of the protection of exclosures from human and livestock interference, and the positive consequences of increased soil moisture content due to the construction of SWC structures would improve the vegetation coverage, diversity and structures (McIntosh, and Allen, 1998; Mengistu et al., 2005; Birhane et al., 2007, Cheng et al., 2011; Witt et al., 2011; Mekuria et al., 2015).  
5. Socio-economic role of exclosures Forests are a vital source of livelihoods of millions of peoples to national economic development as well as source and sink of carbon and contribute to the rate of climate change mitigation. It is impossible to think of individuals that do not depend on forest and forest products. In the northern highlands of Ethiopia, forest accounting for 27 % of total household income (Babulo et al. 2009), in the Bale mountains, southern Ethiopia 34 % of household per capita income and in Dendi district contributes of the average household income (Mamo et al. 2007). Though, the challenge is on sustainable management of this resource. In Ethiopia deforestation is severe and has a long history, especially in the central and northern highlands (Lemenih and Kassa, 2014).  Recently, Ethiopia has begun taking measures to rehabilitate degraded forests and forest lands (Mengistu et al., 2005; Lemenih and Kassa, 2014). Establishing Exclosure is a promising practice for rehabilitation of degraded lands stared in different parts of Ethiopia. Beyond the rehabilitating of degraded lands and regulating ecosystem service, exclosure has also socio-economic benefits to the livelihoods of the community (Muys et al., 2006; Tilahun et al. 2007; Babulo et al., 2009; Tekalign, 2010; Mekuria et al. 2011; Mulugeta and Achenef, 2015). Most of local peoples are optimistic to establish exclosures than various community plantations programs since this practice is chipper and needs lower labour (Gebrehiwot, 1997, Birhane, 2002).  A few have negative attitude towards establishing of exclosures (Birhane, 2002; Mulugeta and Achenef, 2015, Tekalign, 2010), The positive attitude of local communities is crucial for the sustainability of enclosures (Heitschmidt et al., 2004) and also for future rehabilitation projects (Mekuria et al., 2009). The economic role of establishing exclosure can be shown in two ways which is directly as well as indirectly. Exclosure improves the livelihood of community directly by providing animal feed, bee foder, fuel and other non-timber forest product (Muys et al., 2006; Mamo, 2008). Study conducted in Biyo-Kelala Area Exclosures, Ada`a wereda East Shewa Zone of Oromoia shows that the income from exclosure accounts about 3.07 % of the total annual income to the household (Tekalign,2010). Indirectly also benefited by improving the productivity of land and regulating the environmental services (Mekuria, 2013). Over 30 years, the net present value (NPV) of the ecological services of exclosure amount to 3071 US $ ha-1 which is by far exceeds the economic outcome of alternative crop production, such as wheat, barley, and teff (Mekuria, 2013). According Mekuria et al., (2015), from aboveground carbon storage of the relatively older exclosures (i.e., 4- to 7-year-old) ranged from US$117 to US$118.5 per hectare, which is higher than the net revenues from teff production.   
6. Challenges Though, Exclosures have crucial social, economical and environmental values to the livelihood of the local community. Most of the exclosures was not initiated either by community or state involvement driven mainly by aid agencies and NGOs (Lemenih and Kassa, 2014). In addition, there are some challenges on the existing and expansion practices (Mulugeta and Achenef, 2015). The most challenging aspect of exclosure practices was illegal grazing of animals, illegal cutting of trees for different purpose, conflicts between adjacent peasant associations (Mulugeta and Achenef, 2015; Berhe, 2014), improper benefit sharing (Tekalign, 2010; Asmamaw, 2011), shortage of grazing land and lack of awareness (Mulugeta and Achenef, 2015), no management plan and also as the canopy cover increases the amount of grass harvested from the exclosure decreases (Lemenih and Kassa, 2014). These are some of the challenges on the exclosure practice on different parts of Ethiopia.  
7. Conclusions This review paper confirms that establishment of Exclosure on the degraded communal grazing land is a vital 
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option to restore indigenous woody species by enhancing the natural regeneration rates, potential to reduce water erosion, improving soil nutrient content and properties, improve soil organic and Biomass carbon stock and also improve the  socio-economic benefits of the  local communities. Establishing Exclosure in a degraded land is a win-win situation which can support the social, economical and environmental values. The restoration capacity of the exclosure depends on the years of establishment. As the age of exclosure increased the ability to restore woody species, improving soil nutrients and ecosystem carbon stock potential becomes higher. Establishing exclosure was a win win situation since this supports the local community as well as restoring the degraded lands. Exclosure improves the livelihood of the local community by providing animal feed, bee fodder, fuel, timber and other non-wood forest products.  Majority of the local communities are supported the establishment of exclosures on the degraded communal grazing land because it is easy to establish, cheap and support their livelihoods. Despite of the ecological and socioeconomic roles there are also some challenges for exclosure practices lack of awareness, improper benefit sharing, ownership and lack of grazing lands are some of the challenges listed by different Ethiopian local communities lived nearby exclosures.    
8. References Abebe,T., Hunde, D., Kissi, E., 2014. Area Exclosure as a Strategy to Restore Soil Fertility Status in Degraded Land in Southern Ethiopia. J. Biol. Chem. Research, 31 : 482-494 Aerts, R., Nyssen, J., and Haile, M. 2009. On the difference between ‘‘exclosures’’ and ‘‘enclosures’’ in ecology and the environment.  Journal of Arid Environments, 1-2. Asmamaw, M., 2011. The Role of Area Closures for Soil and Woody Vegetation Rehabilitation in Kewot District, North Shewa. MSc. thesis,Adis Ababa university, Ethiopia  Aune, JB., Bussa, MT, Asfaw, FG., Ayele, AA. 2001. The ox ploughing system in Ethiopia: can it be sustained? Outlook on Agriculture 30: 275–280 Babulo B, Muys B, Fredu N, Tollens E, Nyssen J, Deckers J, Mathijs E. 2009. The economic contribution of forest resource use to rural livelihoods in Tigray, Northern Ethiopia. Forest Policy Econ. 11:109117. Berhe, A., 2015.The ecological impacts of exclosures in the highlands of Tigray, Northern Ethiopia. M.Sc.Thesis, Mekele University Department of LRMEP Bhan, C. 1988. Spatial analyses of potential soil erosion risks in Welo region, Ethiopia: A geomorphologic evaluation.Mountain Research and Development 8:139 –144. Birhane, E., 2002, Actual and potential contributions of enclosures to enhance biodiversity in drylands of eastern Tigray, with particular emphasis on woody plants. M.Sc.Thesis. SLU, Sweden. Birhane, E., Teketay, D., & Barklund, P., 2004. Enclosures as a Tool of Rehabilitating Degraded Woodlands in Ethiopia. In: D. Blay, E. Bonkoungou, S. A. O. Chamshama, & B. Chikamai (Eds.), Rehabilitation of Degraded Lands in Sub-Saharan Africa (pp. 73-77). Neulengbach: Forestry Research Network for Sub-Saharan Africa and IUFRO Special Program for Developing Countries. 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 Drylands, 1: 134-147 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 :136-147 Bishaw, B., 2005. Deforestation and land degradation in the Ethiopian highlands: a strategy for physical recovery. Northeast African Studies 8: 7-25. Blay, D., Bonkoungu, E. and B. Chikamai, 2004. Rehabilitation of Degraded Lands in Sub Saharan Africa: Lessons Learned From Selected Case Studies. Forestry Research Network for SSA. International Union of Forest Research Organization (IUFRO) Brhane, G., and Mekonen, K., 2009. Estimating soil loss using universal soil loss equation (USLE) for soil conservation planning at Medego watershed, Northern Ethiopia. Journal of American Science 5: 58–69. Butchart, SHM, Walpole M, Collen B, van Strien A, Scharlemann JPW, et al. 2010. Global biodiversity: indicators of recent declines. Sci. 328:1164_1168. Cerda, A., 1999. Parent material and vegetation affect soil erosion in eastern Spain. Soil Sci. Soc. of Amer. J. 63 (22): 362-368. Chazdon, RL. 2008. Beyond deforestation: restoring forests and ecosystem services on degraded lands. Sci. 320:1458_1459. Chen, Y., Li, Y., Awada, T., Han, J., Luo, Y., 2012. Carbon sequestration in the total and light fraction soil organic matter along a chronosequence in grazing exclosures in a semiarid degraded sandy site in China. Journal of Arid Land 4: 411-419. Doi: 10.3724/SP.J.1227.2012.00411. http://dx.doi.org/10.3724/SP.J.1227.2012.00411 Cheng J, Wu GL, Zhao LP, Li Y, Li W, Cheng JM. 2011. Cumulative effects of 20-year exclusion of livestock grazing on above- and belowground biomass of typical steppe communities in arid areas of the Loess 



Journal of Natural Sciences Research                                                                                                                                                www.iiste.org ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) Vol.7, No.13, 2017  

33 

Plateau, China. Plant Soil Environment 57: 40–44 Descheemaeker, K., Nyssen, J., Rossi, J., Poesen, J., Haile, M., Moeyersons, J., Deckers, J., 2006. Sediment deposition and pedogenesis in exclosures in the Tigray Highlands, Ethiopia. Geoderma 132:291-314. Acta Ecologica Sinica, 29 :51–55 Descroix L, Viramontes D, Vauclin M, Gonzalez BJL, Esteves M (2001). Influence of soil surface features and vegetation on runoff and erosion in the Western Sierra Madre (Durango, Northwest Mexico). Catena 43 (2): 115 -135. FAO, 2011. The state of the world’s land and water resources for food and agriculture (SOLAW)—managing systems at risk. Food and Agriculture Organization of the United Nations, Rome and Earthscan, London Fitsum, Hagos, Pender, John, Gebreselassie, Nega, 1999. Land Degradation in the Highlands of Tigray and Strategies for Sustainable Land Management, Socioeconomic and Policy Research Working Paper 25. International Livestock Research Institute (ILRI), Addis Ababa, Ethiopia, p. 73. Gebrehiwot, K., 1997. Area Enclosures as an Approach in the Management of dryland Biodiversity: A Case Study in Tigray Region. Mekelle University, Mekelle Gebrehiwot, M., Simhadri, S., 2015. Local Climate Trends and Farmers’ Perceptions in Southern Tigray, Northern Ethiopia. International Journal of Environment and Sustainability 4:11-28 Getseselassie, H., 2012. Effects of exclosure on environment and its socioeconomic contributions to local people: In the case of Halla exclosure, Tigray, Ethiopia. M.Sc. Thesis submitted to Norwegian University of Life Science, Norway Giday , K., Eshete, G., Barklund, P. , Aertsen ,W., Muys, B., 2013.Wood biomass functions for Acacia abyssinica trees and shrubs and implications for provision of ecosystem services in a community managed exclosure in Tigray, Ethiopia. Journal of Arid Environments, 94, 80-86. Gide K., 2002. Woody biomass estimation in community managed closure areas in Tigray: Contribution in sustainable management. M.Sc. Thesis Submitted to Swedish  University  of  Agricultural  Sciences, Sweden Guariguata, MR., Balvanera, P., 2009. Tropical forest service flows: improving our understanding of the biophysical dimension of ecosystem services. Forest Ecol Manag. 258:1825_1829. Hagos, F. and Holden, S., 2002. Incentives for Conservation on Tigray, Ethiopia: Findings from a Household Survey. Department of Economics and Social Sciences, Agriculture University of Norway, unpublished. Haile, M., Gebrehiwet, K., 2001. Local initiatives for planning sustainable natural resources management in Tigray, northern Ethiopia. Ethiopian Journal of Natural Resources 3, 303–326. Hailu, M., Gebrehiwot, K., Raj, AJ., 2014. Biomass Estimation of Exclosure in the Debrekidan Watershed, Tigray Region, Northern Ethiopia. International Journal of Agriculture and Forestry 4(2): 88-93 Hailu, M., Oba, G., Angassu, A., & Weladji, R. B., 2006. The Role of Area Enclosures and Fallow Age in the Restoration of Plant Diversity in Northern Ethiopia. African Journal of Ecology, 44: 507-514. http://dx.doi.org/10.1111/j.1365-2028.2006.00664 Hector A, Philipson C, Saner P, Chamagne J, Dzulkifli D, O’Brien M, Snaddon JK, Ulok P, Weilenmann M, Reynolds Heitschmidt, R.K., Vermeire, L.T. & Grings, E. (2004). Is rangeland agriculture sustainable? American Society of Animal Science, 82:138-146. Hoben, A., 1995 Paradigms and politics: the cultural construction of environmental policy in Ethiopia. World Dev 23:1007–1021 Hurni, H., 1993. Land degradation, famine and land resource scenarios in Ethiopia. Pages 27–61 in D. Pimentel (ed.), World soil erosion and conservation. Press Syndicate, University of Cambridge, Cambridge Hurni, H., Kebede, T., Gete, Z., 2005. The implications of changes in population, land use, and land management for surface runoff in the Upper Nile Basin area of Ethiopia. Mt. Res. Dev. 25: 145–149. Johannes MH, David KT. 2000. Dynamics of soil nitrogen and carbon accumulation for 61 years after agricultural abandonment. Ecology 81:88–98. Kasim, K., Assfaw Z., Derero, A., Melkato, M.,  Mamo, Y., 2015. The role of area closure on the recovery of woody species composition on Degraded lands and its socio-economic importance in central rift Valley area, Ethiopia. International Journal of Development Research 5, Issue, 02, 3348-3358,  Katrien, D., 2007. Pedological and Hydrological Effects of Vegetation Restoration in Exclosures Established On Degraded Hill Slopes in the Highlands of Northern Ethiopia. Available from :Http://Hdl.Handle.Net/1979/845 Keyzer, MA., Sonneveld, BGJS., 2001. The effect of soil degradation on agricultural productivity in Ethiopia: a Non-Parametric Regional Analysis. In: Heerink N, Van Keulen H, Kurpios M, editors. Economic policy reforms and sustainable land use inLDCs. Heidelberg: Physica Verlag; p. 269292 Lamb, D., Stanturf, J., Madsen, P., 2012. What is forest landscape restoration? In: Stanturf J, Lamb D, Madsen P (eds) forest landscape restoration. Springer, Dordrecht, pp 3–23 Lemenih, M., Karltun, E., Olsson, M., 2005. Soil organic matter dynamics after deforestation along a farm field 



Journal of Natural Sciences Research                                                                                                                                                www.iiste.org ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) Vol.7, No.13, 2017  

34 

chronosequence in southern highlands of Ethiopia. Agriculture, Ecosystems and Environment 109: 9–19. http://dx.doi.org/10.1016/j.agee.2005.02.015 Lemenih, M., Kassa, H., 2014. Re-Greening Ethiopia: History, Challenges and Lessons. Forests  5, 1896-1909; doi:10.3390/f5081896 Lopez, BF., Romero, DA., Martnez, FJ., 1998. Vegetation and soil erosion under a semi-arid Mediterranean climate: A case study from Murcia (Spain). Geomorphol. 24 (1): 51-58. Loreau, M., Naeem, S., Bengtsson, IP., Grime, JP., Hector, A., Hooper, DU., Huston, MA., Raffaelli, D., Schmid, B., Tilman, D., Wardle, DA., 2001. Biodiversity and ecosystem functioning: current knowledge and future challenges. Science 294: 804–808. MA., 2005. Ecosystems and Human Well-Being: Synthesis. Island Press, Washington, DC. Mamo, K., 2008. enclosure as a viable option for rehabilitation of degraded lands and biodiversity conservation: the case of kallu woreda, southern wello. Masters thesis, Adis Ababa University Faculty of Science, Environmental Science Program, Addis Ababa, Ethiopia. McIntosh, P.D., Allen, R.B., 1998.  Effect of exclosure on soils, biomass, Plant nutrients, and vegetation, on unfertilized Steep lands, upper waitaki district, South island, New Zealand. New Zealand Journal of Ecology (1998) 22(2): 209-217 Medhanie,W.M., 1997. Socio-ecological Impact of Exclosures: the Case of Semenawi Bahri and Temtem in Eritrea. M.Sc. Thesis, Norway Agricultural University, p. 100. Mekuria, M., Langan , S., Noble ,A.,  Johnston,R.,2014. Soil Organic Carbon and Nutrient Contents are not influenced by Exclosures Established in Communal Grazing Land in Nile Basin, Northern Ethiopia.  International Conference on Advances in Agricultural, Biological & Environmental Sciences (AABES-2014) Oct 15-16, 2014 Dubai (UAE) Mekuria, W., 2007. Vegetation Restoration in Area Closures: The Case of Douga Tembein, Central Tigray, Ethiopia. Conference on International Agricultural Research for Development, University of Kassel-Witzenhausen and University of Göttingen, October 9-11, 2007 Mekuria, W., 2013. Conversion of communal grazing lands into exclosures restored soil properties in the semi-arid lowlands of Northern Ethiopia. Arid Land Res Mange. 27:153166. Mekuria, W., Aynekulu, E., 2011. “Exclosure land management for restoration of the soils in degraded communal grazing lands in northern highlands of Ethiopia,” Land Degradation and Development, 2011. Mekuria, W., Veldkamp, E., Haile, M., Gebrehiwot, K., Muys B., Nyssen J., 2009. “Effectiveness of exclosures to control soil erosion and local community perception on soil erosion in Tigray, Ethiopia,” African Journal of Agricultural Research, 4: 365-377,  Mekuria, W., Veldkamp, E., Tilahun, M., Roland., 2011. Economic valuation of land restoration: The case of exclosures established on communal grazing lands in Tigray, Ethiopia. Land Degrad. Dev., 22, 334–344. Mekuria, W., Veldkamp, E.,, Haile, M., J. Nyssena,c,Muys, B., Gebrehiwot, K., 2006. Effectiveness of exclosures to restore degraded soils as a result of overgrazing in Tigray, Ethiopia. Journal of Arid Environments, doi:10.1016/j.jaridenv.2006.10.009 Mekuria, W., Veldkampa, E., Haile,M., 2009. Carbon stock changes with relation to land use conversion in the lowlands of Tigray, Ethiopia. Conference on International Research on Food Security, Natural Resource Management and Rural Development. University of Hamburg, October 6-8, 2009 Mekuria, W., Yami, M., 2013. Changes in woody species composition following establishing exclosures on grazing lands in the lowlands of Northern Ethiopia. African Journal of Environmental Science and Technology Vol. 7(1), pp. 30-40 Mengistu, T., 2001. The role of enclosures in the recovery of woody vegetation in degraded hillsides of Biyo and Tiya, Central and Northern Ethiopia. M.Sc. Thesis, ISSN 1402-201X (2001: 54), SLU, Sweden Mengistu, T., Teketay, D., Hulten, H.,and 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 : 259–281  Mulugeta, G., Achenef, M., 2015. Socio-Economic Challenges of Area Exclosure Practices: A Case of Gonder Zuria Woreda, Amhara Region, Ethiopia Journal of Natural Sciences Research 5:13 Muys, B.,  Gebrehiwot, K,, Aerts,R., Haile,M., Deckers,J.,2006. Perspectives for the Rehabilitation of Dryland Forests in Ethiopia. . Journal of the drylands 1(2): 217-220 Mwalayosi, B.B.R., 2000. Vegetation changes following land reclamation in the Kondoa Eroded Area, central Tanzania. African Journal of Ecology 38, 265-268. Nedessa, B.,  2003. Soil and Water Conservation Program in the Amhara National Regional State. In: A. Tillahun (ed). Natural Resources Degradation and Environmental Concerns in the Amhara National Regional State: Impact on Food Security. Proceedings of the Natural Resources Management Conference, July 24-26,2002, Bahir Dar, Ethiopia. Nedessa, B., Ali, J, Nyborg, I., 2005. Exploring ecological and socio-economic issues for the improvement of 



Journal of Natural Sciences Research                                                                                                                                                www.iiste.org ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) Vol.7, No.13, 2017  

35 

area enclosure management.A case study from Ethiopia. DCG report No. 38, 3-30. Neelo, J., Teketay, D., Kashe, K., Masamba, W., 2015. Stand Structure, Diversity and Regeneration Status of Woody Species in Open and Exclosed Dry Woodland Sites around Molapo Farming Areas of the Okavango Delta, Northeastern Botswana. Open Journal of Forestry,  5:313-328 Negussie, A., Aerts, R., Gebrehiwot, K., & Muys, B., 2008. Seedling Mortality Causes Recruitment Limitation of Boswellia Papyrifera in Northern Ethiopia. Journal of Arid Environments, 72, 378-383. http://dx.doi.org/10.1016/j.jaridenv.2007.06.009 Pielou, E.C, 1975. Ecological diversity. A Wiley Inter- science publication. London R_PP, 2011. Country Submitting the Proposal: Federal Democratic Republic of Ethiopia  Date re-submitted (formal): 25 May 2011  Reid, RS., Thornton, PK., Crabb, GJMC., Kruska, RL., Atieno, F., Jones, PG., 2004. Is it possible to mitigate greenhouse gas emissions in pastoral ecosystems of the tropics ? Environment, Development and Sustainability 6: 91-109. http://dx.doi.org/10.1023/B:ENVI.0000003631.43271.6b Sanchez, LA., Ataroff, M., Lopez, R., 2002. Soil erosion under different vegetation covers in the Venezuelan Andes. The Environ. 22: 161 – 172 Tekalegn, M., 2010. The role of area exclosures for biodiversity conservation and its contribution to local livelihoods: The case of Biyo-Kelala Area Exclosures in Ada`a Wereda. M.Sc. Thesis submitted to Addis Ababa University, Ethiopia. Teketay, D., Lemenih, M., Bekele, T., Yemshaw, Y., Feleke, S., Tadesse, W., Moges, Y., Hunde, T., & Nigussie, D., 2010. Forest Resources and Challenges of Sustainable Forest Management and Conservation in Ethiopia. In F. Bongers, & T. Tennigkeit (Eds.), Degraded Forests in Eastern Africa: Management and Restoration (pp. 19-63). London: Earthscan Tekle, K., 2001. Natural regeneration of degraded hillslopes in southern Wello, Ethiopia: a study based on permanent plots. Applied Geography 21: 275–300 Tekle, K.., 1998. Ecological rehabilitation of degraded hill slopes in Southern Welo, Ethiopia. Ph.D. Dissertation, Uppsala University, Uppsala. Telkalign, M., 2010.The Role of Area Exclosures for Biodiversity Conservation and its Contribution to Local Livelihoods. MSc. Thesis Presented to the School of Graduate Studies department of Environmental science, Adis Ababa University Tilahun, M., Olschewski, R., Kleinn, C., Gebrehiwot, K., 2007. Economic analysis of closing degraded Bosewellia papyrifera dry forest from human intervention: A study from Tigray, Northern Ethiopia. Forest Policy Econ. 9:9961005. UNDP (United Nations Development Program). 2002. World development report. Oxford University Press Tremblay, J. P., Huot, J., Potvin, F., 2007. Density-Related Effects of Deer Browsing on the Regeneration Dynamics of Boreal Forests. Journal of Applied Ecology, 44, 552-562. http://dx.doi.org/10.1111/j.1365-2664.2007.01290 Witt,G.B., Noël,M.V., Bird, M.I., Beeton, R.J.S., Menzies, N.W., 2011, Carbon sequestration and biodiversity restoration potential of semi-arid mulga lands of Australia interpreted from long-term grazing exclosures. Agric. Ecosyst. Environdoi:10.1016/j.agee.2011.02.020 Yami, M., Gebrehiwot, K., Moe, S., Mekuria, W., 2006. Impact of area enclosures on density, diversity, and population structure of woody species: the case of May Ba’ati-DougaTembien, Tigray, Ethiopia. Ethiop J Nat Resour 8(1):99–121 Yami, M., Mekuria, W., Hauser, M., 2013. The effectiveness of village bylaws in sustainable management of community-managed exclosures in Northern Ethiopia. Sustain Sci 8:73-86 Yayneshet T, 2008. Restoration of Degraded Semi-Arid Communal Grazing Land Vegetation Using the Exclosure Model. Department of Animal, Rangeland and Wildlife Sciences, Mekelle University, Mekelle, Ethiopia Yayneshet, T., 2011. Restoration of Degraded Semi-Arid Communal Grazing LandVegetation Using the Exclosure Model. Intl. J. Water Yimer, F., Alemu, G., Abdelkadir, A., 2015. Soil property variations in relation to exclosure and open grazing land use types in the Central Rift Valley area of Ethiopia. Environ Syst Res  4:17 Young-Zhong S, Yu-Lin L, Jian-Yaun C, Wen-Zhi Z. 2005. Influences of continuous grazing and livestock exclusion on soil properties in a degraded sandy grassland, Inner Mongolia, northern China. Catena 59: 267–278. http://dx.doi.org/10.1016/j.catena.2004.09.001 Zegeye, H., Teketay, D., & Kelbessa, E., 2011. Diversity and Regeneration Status of Woody Species in Tara Gedam and Abebaye Forests, Northwestern Ethiopia. Journal of Forestry Research, 22, 315-328. http://dx.doi.org/10.1007/s11676-011-0176- Zerihun, W., Back!eus, I., 1991. The shrub land vegetation in Western Shewa, Ethiopia and its possible recovery. Journal of Vegetation Science 2: 173–180. 


