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Biodiversity, Soil Properties and Carbon Stock in the Ex-closures and Grazing Land in Lemo 

District, SNNPRS, ETHIOPIA 

Abebe Fikadu 

Addis Ababa University 

ABSTRACT 

Area ex-closure has recently become a promising option to reverse ever increasing land 

degradation in Ethiopia. However, comprehensive empirical evidences about the role of ex-

closure are just building up. The study was conducted in 10 and 24 year old ex-closures paired 

with adjacent open grazing land in Haise kebele, Lemo district, southern Ethiopia. The main aim 

was to assess biodiversity, soil quality and biomass and carbon stock changes due to the impact 

of the ex-closures. Systematic transect sampling technique was applied to collect data. A quadrat 

plot size of 20m ×20m and 1m×1m sub-quadrant (nested in the 20m× 20m) was used along 

transect line for vegetation data collection and harvesting herb and grasses biomass, 

respectively. Soil at a depth of 20cm and 30cm from five sampling point inside the 20m ×20m at 

each corner and center were sampled and composite soil were taken and analyzed following 

standard procedures. Species composition, diversity and density were computed using standard 

procedures and indices DBH and height were used to describe the structural pattern of the 

species. Published allometric equations and the loss on ignition method were used to estimate 

tree and herb carbon stock, respectively. Accordingly, the result showed that vegetation 

compositions significantly varied with land use types. Sorensen’s similarity coefficient indicated 

considerable species dissimilarity in the land use types varying between 0.41-0.73. Higher total 

stand densities of all woody species were observed in ex-closures than open grazing lands. 

Significantly higher species diversity, richness and evenness were also observed in ex-closures. 

The overall structure of plant species in ex-closures exhibited an inverted “J” shape pattern of 

DBH and height class distribution, showing a stable and good regeneration status unlike open 

grazing lands. Bulk density increased under open grazing land while soil moisture increased 

significantly in ex-closures. The result also revealed that soil organic matter, total nitrogen, K
+
, 

Ca
+2

 and CEC significantly (p<0.05) increased in ex-closures and positively correlated with 

duration whereas available phosphorous, Na
+ 

and Mg
+2

 did no significantly varied. Higher 

vegetation biomass and carbon stock were observed in ex-closures than in the open areas. A 

positive significant correlation was observed with ex-closure duration. Species diversity, soil 

quality and carbon storage were relatively improved due to the practice. 

    

 

Key words: Ex-closure, open grazing land, vegetation diversity, soil quality, biomass, carbon 

stock 
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1. INTRODUCTION 

1.1.  Background and Justification 

Humans have changed ecosystems more rapidly and extensively, mainly to meet growing 

demands for food, fresh water, timber, fiber and fuel over millennia (MEA, 2005). Land 

degradation is one of among the consequences of the changed ecosystem. UNEP defined 

land degradation as “the temporal or permanent lowering of the productive capacity of 

land” (UNEP, 1992). Land degradation is the continuous worsening and declining of the 

sustainable productive capacity of the land due to either anthropogenic or natural process 

(Le et al., 2012) which comprises all processes that diminish the capacity of land 

resources to perform essential functions and services in ecosystems (Hurni et al., 2010).  

Land degradation is a global problem that causally linked to population growth and 

inappropriate land-use practices (Hurni et al., 2010; Conacher, 2009). The major 

anthropogenic processes that cause land degradation in the world are deforestation, 

overgrazing, inappropriate agricultural practices such as over-cultivation, fertilization and 

nutrient depletion and industrialization (Betru Nedessa et al., 2005). Thus, it is 

manifested by soil erosion, reduction of soil nutrients, biodiversity loss and deforestation 

or declining vegetative health (Le et al., 2012), and it has adverse consequences for 

economies, health and well-being and for ecosystems (Conacher, 2009). Subsequently, 

land degradation impairs human livelihood and the environment negatively such as food 

insecurity, shortages of firewood, shortages of timber, loss of biodiversity, climate 

change and desertification (Bezuayehu Tefera, 2002). Moreover, unsustainable utilization 

of land resources impair ecosystem functions such as regulation of water supplies and 
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quality, soil fertility maintenance, carbon sequestration, climate change mitigation and 

food security leading to ecosystem fragmentation as a whole (UNEP, 2009). 

The extent and severity of land degradation in many parts of the globe is significantly 

increasing with more 20% of all cultivated areas, 30% of forests and 10% of grasslands 

undergoing degradation (Bai et al., 2008). In all climatic regions, millions of hectares of 

land per year are being degraded. It is influencing over 33% of the earth’s land surface, 

an estimated number of 2.6 billion people are affected in more than hundred countries by 

land degradation and desertification (Adams and Eswaran, 2000). 

In Ethiopia, due to unwise exploitation in the past and the current growing demand for 

agricultural expansion, combined with the grazing pressure by the largest population of 

livestock, environmental degradation in the country has been escalated (Hurni, 1988). 

Particularly in the highlands (i.e. altitude greater than 1500 m), land degradation has been 

severe since several decades where the average soil loss from farmland is estimated to be 

100 tons/ha/year (FAO, 1986; Hagos, 2003), and the rate of deforestation is 163,000- 

200,000 ha/year (Reusing, 1998), and consequently two million hectares of land are 

irreversibly barren in the country (EPA and MEDAC, 1997). In addition, one of the main 

drivers behind the widespread ecological degradation in Ethiopia is conversion of natural 

habitats into improperly managed agricultural landscapes (Mulugeta Lemenih, 2004). 

Overwhelmingly, the human factor is responsible for land degradation in the country. 

Population growth, poverty, unstable land-tenure system, institutional instability, 

inappropriate land use, unsustainable farming techniques and  conversion of natural forest 

to other land uses (Berry, 2003; Adugnaw Birhanu, 2014; Belay Kassa et al., 2015) are 

among the major driving factors often listed.  
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The prolonged degradation by any of the above mentioned drivers continues to affect 

productivity and diversity of land resources, and consequently leads the land to reach a 

point where it is irreversible. As a result, the livelihood of the rural population can be 

threatened since their life is dependent on agricultural land resources, thereby poverty 

will occur. Thus, several soil conservation programs have been launched in Ethiopia 

since the mid 1970’s aiming to avert land degradation (Hawando, 1997). Soil and water 

conservation works and the establishment of ex-closures (Betru Nedasa, 2003) are among 

these programs.  

The Rehabilitation of land that has already been degraded would provide economic, 

social and ecological benefits if the design and management of conservation strategies are 

economically feasible, socially acceptable and ecologically viable (Tefera Mengistu, 

2001). In this regard, among the several rehabilitation and conservation options in 

Ethiopia, area closure has gained a considerable attention by conservation workers at 

various levels. It is due to the impressive improvement of productivity and reduction in 

soil erosion in the areas ex-closed in the early 1980s (WFP/MoA, 2002). Moreover, this 

practice needs less implementation resources and cheaper than other conservation 

strategy such as soil and water conservation works (Emiru Birhane et al., 2007). The 

method has been feasible to rehabilitate the degraded lands in terms of cost, time of 

recovery, and the benefits it offers to the community (Emiru Birhane, 2002; Kidane 

Giday, 2002). Therefore, as part of the national strategy of preventing environmental 

degradation, combating desertification, and alleviating poverty, the Southern Nations 

Nationalities People Regional State (SNNPRS) has been delineating degraded lands as 

area ex-closures. Particularly, Lemo district where degradation is severe because of 
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erosion and cultivation of marginal lands, degrade lands have been closed as a part of 

watershed management practices to rehabilitate productivity.    

Human and animal interventions are excluded from more than hundreds of hectares of 

closed marginal and unregulated communal land in the study area to reduce disturbance 

by cattle grazing and clearing of vegetation, thereby natural regeneration could occur. 

Nevertheless, some soil conservation activities have been practiced by the community to 

assist the natural generation of the area. However, even the different studies have showed 

that the strategy is successful in the northern highlands, the practice in the study area 

(Southern highlands particularly in Lemo district) are still new and to what extent the 

technique is able to restore natural resources and the economic benefits are not widely 

studied. Therefore, its contributions in terms of biodiversity conservation and land 

rehabilitation, soil quality improvement, amelioration of microclimate have to be studied 

to document the necessary knowledge for decision making.  

1.2.  Statement of the problem 

The extent and severity of land degradation in the highlands of Ethiopia is significantly 

increasing. The evidence is that, the total degraded area in Ethiopian highlands as 

projected by Bojö and Cassells (1995) was 100,000 km
2 

by
 
2010 but the study conducted 

by Nkonya et al. (2016) revealed that it was doubled in 2006 (228,000km
2
), four years 

ahead of the projected year. Similarly, Alemneh Dejene (2003) disclosed that 50% of the 

highlands are significantly eroded, while 25% is seriously eroded. Likewise Lakew Desta 

(2000) testified that a significant amount of arable land lost soil fertility in the highlands 

of the country due to land degradation driving by several factors. Among the different 

driving forces that are accelerating land degradation, erosion and overgrazing always 
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come on top. Making the area to be grazed beyond its carrying capacity and human 

interferences will aggravate erosion in the area and subsequently leads to reduction in soil 

fertility or nutrient availability; thereby plant diversification will be diminished.  

 Land degradation is posing severe challenge on the environment and livelihoods of the 

rural population with ecological and socioeconomic consequences. Thus, in response to 

this problem, different efforts have been made in Ethiopia at several levels (Betru 

Nedessa et al., 2005). Area ex-closures, which is one of the many efforts, has emerged 

recently as a promising practice to restore degraded land back to the production level in 

various parts of the country especially in northern Ethiopia (Tefera Mengistu, 2001; 

Emiru Birhane, 2002; Kidane Giday, 2002). There is also a growing interest and efforts 

of practicing area ex-closures in the highlands of SNNPRS as a means of land 

rehabilitation. Hence, it has been practiced in different districts like Lemo which is well 

known for this practice among others. However, the extent of this practice in the region is 

not as it is practiced in North and there are only few studies conducted to check its 

overall effectiveness.  

Thus, despite the fact that ex-closures have proved to be useful in the rehabilitation of 

degraded lands, knowledge on the impacts such as biodiversity conservation, soil quality 

improvement, microclimate amelioration, and status of regeneration of the developing 

flora is not enough (Emiru Birhane, 2002). The knowledge on the species composition, 

density and diversity of the vegetation as well as soil improvement and carbon storage 

potential of ex-closures is also very important so as to maximize the practice on other 

degraded areas when aiming to restore vegetation and other ecological services. 

Therefore, this study aimed at addressing the following objectives. 
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1.3. Objectives of the study 

1.3.1. Main objective 

The main objective of this study was to assess the impact of area ex-closure in restoring 

diversity and structure of the woody vegetation, improving soil quality and enhancing 

biomass and carbon sequestration potential of the area.  

1.3.2. Specific objectives 

 To investigate diversity and population structure of the woody vegetation in the 

ex-closures. 

 To assess the change in the physical and chemical properties of the soil 

following ex-closures.   

 To determine the biomass and carbon sequestration potential of the ex-closures 

1.4.  Research questions 

The data collected during fieldwork and analyzed following standard methods were 

aimed to answer the following research questions: 

 Does ex-closure change the composition, diversity and population structure of 

woody vegetation? 

 What evidences could be generated to conclude that ex-closure indeed improve 

soil quality? 

 Is it possible to recommend ex-closures for biodiversity restoration? On what 

basis? 

 Does the carbon stock of the area changed following the practice of ex-closures? 
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1.5. Hypothesis 

Ho1.  There is a significant difference in woody vegetation diversity in ex-closures and 

open grazing land and the age of ex-closure.  

Ha1. There is no significant difference of woody vegetation diversity in ex-closures than 

open grazing land and the age of ex-closure. 

Ho2. There is a significance difference of soil physical and chemical properties in ex-

closure than open grazing land and the age of ex-closure. 

Ha2. There is no significance difference of soil physical and chemical properties in ex-

closure than open grazing land and the age of ex-closure. 

Ho3. There is a significance difference in biomass and carbon sequestration potential in 

ex-closure and open grazing land and the age of ex-closure.  

Ha3. There is no significance difference in biomass and carbon sequestration potential in 

ex-closure and open grazing land and the age of ex-closure.  

1.6.  Significance of the study 

The findings of this study were generated an information on the benefits of the practice in 

the study area. Furthermore, the outcome of the study will be an important source of 

information for policy makers and planners during further design and implementation of 

land resources management. More importantly, Woreda experts and Kebele development 

agents can use this finding for local people to encourage them and expand this land 

management system to areas that are severely degraded for rehabilitation. 
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1.7.  Scope of the study 

This study was limited to Lemo woreda in Hadiya zone, SNNPRS. The biophysical 

aspects such as biodiversity, soil properties and carbon stock of ex-closures were studied 

by conducting field data collection and laboratory analysis. Only trees and shrubs were 

taken into consideration for biodiversity analysis. Soil samples were taken at a depth of 

20cm and 30cm on the plot where vegetation data recorded and the physical and chemical 

properties were analyzed following standard methods that enable to correlate with 

biodiversity as well as to correlate ex-closure with non-closed land. Above and 

belowground biomass, herb and grass carbon stock, and organic soil carbon stock were 

used to determine total carbon stock.    
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2. LITERATURE REVIEW 

2.1.  Land degradation 

Land degradation is defined by UNCCD (2014) as “any reduction or loss in the biological 

or economic productive capacity of the land resource base. It is generally caused by 

human activities, exacerbated by natural processes, and often magnified by and closely 

intertwined with climate change and biodiversity loss”. It is the continuous worsening of 

the sustainable production capacity of the land (Le et al., 2012). Similarly, (Hurni et al., 

2010) stated that land degradation comprises all process that diminish the capacity of 

land resources to perform necessary functions and services in ecosystems. Land 

degradation can be manifested by the principal processes that include soil erosion by 

water and wind, chemical degradation (acidification, salinization, fertility depletion, and 

decrease in cation retention capacity), physical degradation (crusting, compaction, etc.), 

biological degradation (reduction in total and biomass carbon, and decline in 

biodiversity), reduction in soil nutrients, biodiversity loss, deforestation or declining 

vegetative health (WMO, 2005; Le et al., 2012; UNCCD, 2013).  

The poorest rural communities in more than 110 countries of the world and two thirds of 

the world’s agricultural land are most severely affected by land degradation. Millions of 

people in Africa are threatened by starvation because of moderate to severe degradation 

of their land. Due to land degradation and declining agricultural productivity an estimated 

$42 billion in income and 6 million hectares of productive land are lost every year 

(UNDP, 2004). 
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2.1.1. Causes of land degradation in Ethiopia    

The problem of land degradation which must get a serious attention is not the outcome of 

a single cause. According to scholars land of a given area is degraded due to different 

reasons.  Fitsum Hagos et al. (1999) reported that multiple interacting forces are driving 

degradation in Ethiopia. Similarly, Berry (2003) mentioned that the cause of land 

degradation is due to the two interlocking complex system of the universe such as: the 

natural ecosystem and the human social system. The interaction between the two systems 

determines the success or failure of resource management. However, the causes of land 

degradation are classified by WMO (2005) as biophysical factor (unsustainable land use), 

socioeconomic factors (poor land management practices, land tenure etc.) and political 

factors (lack of incentives and political instability. The immediate causes of land 

degradation are inappropriate land use that leads to degradation of soil, water and 

vegetative cover and loss of both soil and vegetative biological diversity, affecting 

ecosystem structure and functions (Snel and Bot, 2003). 

Mulugeta Lemenih (2004) argued that land degradation in Ethiopia is a biophysical 

process in which subsistence agriculture, poverty and illiteracy are important causes of 

land and environmental degradation. While, Gebreyesus Brhane and Kirubel Mekonen 

(2009) reported that major reason behind the current state of land degradation is abusive 

kind of subsistence agriculture to feed the ever growing population. Likewise, Temesgen 

Gashaw et al. (2014) typified that increase in population has mainly caused an increase in 

land degradation.    

Generally, the causes of land degradation can be divided into two categories, namely; 

underlying and proximate causes (Berry, 2003; Adugnaw Birhanu, 2014; Temesgen 
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Gashaw et al., 2014; Belay Kassa et al., 2015). The underlying causes of land degradation 

in Ethiopia are natural conditions (e.g. rainfall variability from year to year and place to 

place), population growth which is subsequently leading to the expansion of cultivation 

into marginal land and clearing of woodland for agriculture, land ownership (the changes 

in land ownership in Ethiopia had provided uncertainty to the farmer and to rural 

communities), lack of well-defined institutional responsibilities for land degradation 

(Berry, 2003; Adugnaw Birhanu, 2014).  

Table 1. Empirical review on proximate and underlying causes of land degradation in 

Ethiopia           

Underlying Causes Proximate causes                                       References 

Weak regulatory environment 

and institutions, population 

growth, unclear user rights 

(land ownership), low 

empowerment of local 

communities, poverty, 

infrastructure development, 

population density, natural 

conditions, 

 

Unsustainable agriculture, 

fuel wood consumption, 

conversion of  vegetation 

land to agricultural land 

(deforestation),  overstocking 

of grazing land,  replacement 

of dung and crop residue 

from fertilizer uses to fuel 

consumption, topography, 

(Pender et al., 2001);  

(Berry, 2003; Holden et 

al., 2004); (Rudel et al., 

2009); (Adugnaw 

Birhanu, 2014);  (Belay 

Kassa et al., 2015);  

(Temesgen Gashaw et 

al., 2014);  (Tesfa 

Assemu and Mekuriaw 

Shigdaf, 2014) 

Source: Nkonya et al. (2016) 

On the other hand, the proximate causes are those, that have a direct effect on the land  

include (i) clearing of woodlands and forests: the estimated rate of clearance is 62,000 ha 
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per year, which greatly reduced vegetative cover and accelerated soil erosion, (ii) 

unsustainable arable farming techniques: more than 70% of arable land in the highland is 

cereals based and these crops leave the soil bare during some or all of the growing season 

exposing to erosion, (iii) the use of dung and crop residues for fuel and overstocking of 

grazing lands (Berry, 2003; Adugnaw Birhanu, 2014; Belay Kassa et al., 2015). 

2.1.2. Extent and consequences of land degradation  

Ethiopia is a home for diverse topographic and climatic conditions which made the 

country endowed with the diversity of life that has been used as an important source of 

agricultural development and other basic needs for several years. However, these vital 

resources of the country have been threatened by the problem of land degradation (Gete 

Zeleke et al., 2006).   

Although land degradation is extensive in Ethiopia, all areas of the country are not 

equally suffering. The spatial variations of the extent and severity of the problem is 

manifested in Ethiopia depending on difference in relief, rainfall, land use, land cover and 

soil types (Adugnaw Birhanu, 2014). Soil erosion by water which is the most common 

form of land degradation in Ethiopia (Samuel Gebreselassie et al., 2016) is particularly 

severe in the highland (Altitude greater than 1500 m.a.s.l) parts of the country (FAO, 

1986) where soil loss from farm land is estimated to be in the range of 42 to 300 

tons/hectare/year. However, reliable and consistent data on extent and rate of soil loss 

(tons/hectare/year) in Ethiopia is lacking (Samuel Gebreselassie et al., 2016). The table 

below (Table 2) illustrates the difference in the estimates of soil loss on arable land of the 

country from different data sources. The complex pattern of spatial and temporal 
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variation of the country and conceptual and methodological difficulties might result in 

such difference estimations of the rate of soil loss.  

Table 2. Estimates of rates of soil loss on croplands in Ethiopia 

Author  Estimates of 

annual soil loss 

from arable land 

(t/ha/year) 

                Method used  

(FAO, 1986)  130 USLE: universal soil loss 

equation and guess estimates 

Hurni 1990: soil conservation 

research project 

42 Measurement from runoff 

plots from eight stations 

across the country 

Belay Tegene 1992 75 Measurement from runoff 

plots 

Tamire Hawondo 1996 300 Secondary data and 

estimates 

Azene Bekele 1997 100 Guess estimate 

Source: Eyasu (2003) cited by Samuel Gebreselassie et al. (2016)   

However, according to (FAO, 1986) the average soil loss from farmland is estimated to 

be 100 tons/hectare/year.  Hence, about 1.9 billion tons of valuable top soil has been 

eroding every year manly from the highlands of Ethiopia (FAO, 1986). In addition with 

the farming practice that make soil erosion conducive, EPA (2005) reported that about 

75% of the livestock population graze in the highlands often causing a serious 

degradation on the environment. The problem is serious because grazing reduces ground 

cover and exposes the soil to sun and rainfall subsequently causes soil erosion and also 

most of the soil nutrients will diminish through grazing (Maitima et al., 2009). 
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Consequently, agricultural production has been significantly reduced with an estimated 

cost ranging from 2 to 6.75% of the Agricultural Gross Domestic Productivity (AGDP) 

per annum (FAO, 1986; Sonneveld and Keyzer, 2003). 

Similarly, a study conducted by Demel Teketay et al. (2012) in Central Rift Valley has 

showed a significant land use land cover change for last 30 years such as decrease of the 

water bodies, forest, and woodland and an increase in intensive cultivation, mixed 

cultivation and degraded land, which would be the indicator of land degradation.  

Both deforestation and soil erosion, the major cause of land degradation, has become an 

alarming environmental problem deteriorating biodiversity and productivity of Ethiopia. 

These further caused reduction in agricultural production, loss of biodiversity, water 

quality depletion, disturbed hydrological conditions, poverty and food insecurity 

(Danano, 2002). The linkage between population, poverty and land degradation is 

illustrated in the figure below.   

 

Figure 1. Conceptual Linkages between population, poverty and land degradation  

(FAO, 1994)  
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Consequences of land degradation exert on social, economic and environmental 

segments; thereby directly impact on the livelihood of the population. Human 

inappropriate land uses (such as deforestation, unsustainable agricultural practices, and 

overgrazing) often cause severe removal of agricultural soils (Fu et al., 2002), which 

leads to ecosystem degradation and environment deterioration. Major impacts of land 

degradation include: pasture degradation and lack of emergency fodder; population 

reduction of target species caused by over harvesting and habitat destruction; 

deterioration of drinking water quality and resultant health problems; and shortage of 

timber and non-timber forest products, especially for local vulnerable groups, and loss of 

environmental services from forests as a result of fragmentation (Squires, 2007). 

2.2. Biodiversity and land degradation 

The Convention on Biological Diversity (CBD) defines biological diversity as “the 

variability among living organisms from all sources, including, inter alia, terrestrial, 

marine and other aquatic ecosystems, and the ecological complexes of which they are 

part. This includes diversity within species, between species, and of ecosystems” 

(UNCBD, 1992). Life on earth is directly or indirectly supported by the diversity of 

species. There is a strong linkage between biodiversity and the ability of an ecosystem in 

providing ecosystem services. The human well-being is essentially and directly reliant on 

ecosystem services thus the decline of biodiversity is undesirable (Harry et al., 2011). 

However, species are disappearing at 50-100 times the natural rate of regeneration largely 

due to human activities including the over-exploitation of biodiversity, habitat 

degradation and fragmentation, global climate change, pollution, and invasion by 

introduced species (Salim and Ullsten, 1999). As species and their habitats disappear, 
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humanity risks losing the ecological systems that make human life itself possible. About 

45 percent of the Earth’s original forests are gone, cleared mostly during the past century 

and approximately 8000 tree species, or 9% of the total number of tree species 

worldwide, are currently under threat of extinction (MEA, 2005).  

Biodiversity strengthens ecosystem function and the provision of ecosystem services and 

its loss therefore threatens the provision of goods and services provided by ecosystems. 

Reduction in biodiversity can affect decomposition rates, vegetation biomass production 

and, in the marine environment, affect fish stocks (Reich et al., 2012; Cardinale et al., 

2012). In addition to the gradual decline in environmental function linked to reductions in 

biodiversity, it has been suggested that there is a risk that at some point a threshold will 

be crossed and a catastrophe may occur.  

Moisture retaining capacity of the soil for plant productivity reduces where vegetation 

cover is changed. Consequently, it leads to an increase in soil erosion and loss of soil 

fertility causing to land degradation. Soil replenish its nutrients particularly soil organic 

matter form plant diversity and any change of plant diversity affects the soil. Free grazing 

is also a fundamental cause for loss of biodiversity and thereby land degradation. Grazing 

practices tend to remove vegetation cover leaving the land exposed to severe erosion 

(Maitima et al., 2004). 

Processes of land degradation not only make soils lighter in color because of selective 

removal of organic matter and colloids, they also reduce the biological life, or soil 

biodiversity. A study conducted by Salome B. et al. (2003) revealed that, species richness 

and soil erosion are negatively correlated. An increase in soil erosion, form of land 
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degradation, tends to remove the fertile topsoil that is vital for the growth of different 

plant species. Soil erosion reduces productivity (Stocking, 2003), and productivity is 

closely related to biological processes dependent on both the variety and number of 

above-ground and below-ground living organisms (Stocking et al., 1991). Further, a 

degraded soil is less able to support vegetation biomass and the environmental conditions 

that would allow support of many sensitive and vulnerable species. So, the loss of habitat 

through land degradation in, for example, the conversion of forest lands to other land uses 

would result in the local extinction of plant and animal species (Sala et al., 2000).  

Similarly, the number and distribution of species available in a particular area are though 

significantly affected by the removal of vegetation through tree cutting for timber, and 

building poles and conversion of natural vegetation to farmland (Salome B. et al., 2003).  

The major threats to the biodiversity in Ethiopia are unsustainable utilization of natural 

resources (over-harvesting), deforestation, conversion of natural vegetation to farmland, 

forest fires, land degradation, habitat loss and fragmentation. But all these are related to 

the root causes of poverty, which are lack of alternative viable livelihoods, increasing 

population pressure and inadequate awareness of the threats and possible solutions at all 

levels (IBC, 2014). 

2.3. Area ex-closure and Rehabilitation of degraded land 

Rehabilitation is an approach designed to tackle challenges of land degradation such as 

erosion, food insecurity and loss of biodiversity and loss of soil fertility etc., so as to 

improve ecosystem goods and services (UNEP, 2009). In order to ameliorate damaged 

ecosystems, the science of rehabilitation has developed into a more established field over 

time.  
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The recovery of an ecosystem that has been degraded as result of agricultural expansion, 

overgrazing and settlements is the primary concern of ecological rehabilitation. 

Improving the qualities and functions of ecological systems such as upland forests or 

wetlands and their surrounding landscapes is often the final goal of rehabilitation 

attempts. These ecological functions are the basis for all ecosystem services, which are an 

essential component of human society’s life support system (Ehrlich and Mooney, 1983). 

Thus, maximizing vegetation cover to prevent erosion and replacing nutrients removed 

through various approach like area ex-closure are the main environmental principles for 

reducing land degradation (Coxhead and ygard, 2008).   

Area Ex-closures is a type of land management wherein degraded land has been excluded 

from human and livestock interference for rehabilitation. In principal, human and animal 

interference is restricted in the AEs to encourage natural regeneration. In practice, 

however, cutting grass and collection of fuel wood from dead trees and bee keeping is 

also allowed in several area ex-closures in Ethiopia. Although, soil and water 

conservation activities are also being undertaken in some areas (Betru Nedessa et al., 

2005). It is a passive land management approach by which degraded land and their 

biodiversity would be restored through natural succession. Unlike active restoration 

approach, area ex-closure relies on the self-regenerating potential of ecosystems 

following the removal of degrading agents (Tefera Mengistu et al., 2005). 

Generally, area ex-closures are able to halt and reverse land degradation, check the 

adverse effects of run-off, create natural resources highly demanded by livestock and 

human beings, improve the micro-climate of respective places and thereby maintain 

environmental stability in the region, create habitat for wildlife and conserve the 
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diminishing biological resources, mainly forest trees, shrubs, herbs and grasses (Betru 

Nedessa et al., 2005). 

2.4. Empirical review on the role of area ex-closures 

2.4.1. Species composition and diversity in ex-closures 

The functioning of ecosystem can be improved using ex-closure as an intervention to 

restore degraded land through accelerating species composition and diversity, richness, 

expanding population structure and basal area (Tesfay Yayneshet, 2011; Dianati Tilaki et 

al., 2010). Similarly, Wolde Mekuria (2013) reported that higher plant species richness 

and diversity are exhibited from all ex-closures than the adjacent communal grazing land 

and the older ex-closures (20 year) displayed the highest proportional increase in plant 

species richness but no significant differences are detected in the increases in richness 

and diversity among landscape positions. He added that higher plant species richness and 

diversity are however distinguished on the upper slopes positions within the ex-closures. 

Also, Abrham Abiyu et al. (2011) reported that significantly higher species richness is 

exhibited in the ex-closures than plantation and grazing lands. Furthermore, 50% increase 

of above-ground woody species composition in ex-closure is reported by Tefera 

Mengistu et al. (2005) over the adjacent free-access lands. 

The study conducted by Haile Getseselassie (2012) revealed that trees and shrubs are 

more boosted on the ex-closed area over the non-closed one and the potential of trees and 

shrubs for carbon dioxide sequestration and their biomass (moist & oven dry) are 

significantly higher in closed area. This increased sequestration of carbon dioxide implies 

that ex-closures are contributing for the mitigation of global climate change in addition 

with its modification of local microclimate. The good ground cover in the ex-closure than 
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in the open area will lead to further regeneration because of better soil conditions and 

microclimate (Emiru Birhane et al., 2006). In addition to the improvement of ecosystem 

services, ex-closures used as the source of wood for construction, farm implement, and 

non-timber forest products. 

2.4.2. Impact of ex-closures on soil physical and chemical property 

Physical soil properties such as water holding capacity, permeability, soil drainage and its 

resistance to erosion are directly linked with the aggregation and pore space of the soil 

(Hingston, 1992). Stable aggregate exists between particles and the fine pores are able to 

hold moisture of the soil against gravity whereas the existence of coarse pores in the soil 

will permit the drainage of excess moisture which in turn improve the supply of oxygen 

to the root zone of the plant. These physical properties of the soil are determined by soil 

texture, the kind of clay minerals present in the soil and the amount of organic matter 

(Hilel, 1980).   

One of the benefits of ex-closures is regeneration of vegetation consequently increases 

organic matter content of the soil and facilitates root growth. Accordingly, the physical 

properties of the soil will improve due to the enhancing of soil structure, porosity, 

modification of soil temperature, infiltration rate, reduce evapo-transpiration, erosion 

resistance and improve the nutrient content of the soil and then final it restores the 

fertility of the soil (Saka et al., 1994). In parallel, Tefera Mengistu et al. (2005) testified 

that soil resource conservation and fertility improvement are also some of among that 

people benefited from the ex-closed area. The vegetation grown acts as a physical barrier 

to the runoff water and then reduces nutrient loss due to soil erosion. The capability of 

the land eventually improved to support other vegetation types and livestock. Tizita 
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Endale (2016) reported that closed area have highly significant difference in the soil 

physic-chemical properties over open grazing land. The study conducted by Wolde 

Mekuria and Ermias Aynekulu (2013) and Fantaw Yimer et al. (2015) revealed that total 

nitrogen content in the soil of ex-closures is improved as compared to the open grazing 

lands. Shimeles Damene et al. (2013) also reported that more soil organic carbon and 

total nitrogen are shown in the ex-closure than open grazing land. A significant 

improvement of exchangeable bases and CEC in the soil of ex-closure is also reported by 

Temsegen Abebe et al. (2014); Kibret Mamo (2008); Tizita Endale (2016) and Wolde 

Mekuria and Veldkamp (2005). 
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3. MATERIALS AND METHODS 

3.1.  Description of the study area 

3.1.1. Location   

This study was conducted in Lemo Woreda of Hadiya zone, SNNPRS which is purposely 

chosen because of the practice of area closure. It is located at 230km South of Addis 

Ababa and 144km from Hawassa (regional capital), via Jajura. Geographical location of 

the study area is in between 7°.42’- 7°.75’ north latitude and 37°.80’- 38°.07’ east 

longitude. Two area ex-closure sites (10 years and 24 years since establishment) in Haise 

kebele were used for this study. They were chosen purposively. 

 

 Figure 2. Location map of the study area 

Out of the total area of the study area (Haise Kebele), only 20% is under the hand of 

farmers used as arable land and the remaining area is degraded communal land. The 
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community is struggling to reverse the degraded land through area ex-closure. For the 

present study four particular areas, Guder (126 ha) (hereafter referred to as “Young or 10 

year-old ex-closure”) and Abushema (36 ha) (hereafter referred to as “Old or 24 year-old 

ex-closure”) and two adjacent open grazing areas (96 ha both) (hereafter sometimes 

referred to as “adjacent open grazing land one and two”) were selected. The old ex-

closure was protected (closed) against any disturbance from human and livestock since 

1986 E.C. whereas, the Young ex-closure was established at end of 1999 E.C with 

community participation and since then it is under continuous protection. However, open 

grazing areas are free for grazing and tree cutting. The sites have an altitude ranging 

between 2058 and 2140m with the slope ranging between 2% and 20%. 

 

Figure 3. Partial view of Young and old ex-closure 2018  

              (a-Young ex-closure (10 years), b-Old ex-closure (24 years)) 

3.1.2. Population 

According to the Central Statistical Agency (2007), Lemo Woreda has an estimated total 

population of 153,783 of whom 75,819 are males and 77,921 are females and 93% of 

which live in rural areas are mostly subsistence farmers depending on rain fed production 
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and 7% of its population is urban dwellers, which is less than the Region and Zone 

average of 10.28% and 8.1% respectively ( Berihanu, 2010; Melese, 2014).  

Lemo woreda has an estimated population density of 355.6 people per square kilometer, 

which is less than the Zone average of 378.7 and greater than the Region average of 

133.9 people per square kilometer. The estimated population density of the woreda is 

440.5 persons per km
2
 of arable land and the average arable land holding is 0.98 hectares 

per household, varying from 0.25 ha to 3.0 hectares. More than 85% of households own 

less than one hectare of farmland ( Berihanu, 2010; Melese, 2014). 

3.1.3. Topography and soil 

The altitude of Lemo woreda lies between 1780 - 2780 m.a.s.l and the area entirely falls 

into Dega and Woina-dega agro-climatic zone. The soil in Lemo are exposed to the risk 

of erosion due to topographic features in some area. The area is dominated by 

sedimentary (soft weathered rocks) that are particularly susceptible to erosion (Berihanu, 

2010; Melese, 2014; BoFED, 2012).  The soil textural class encompasses clay, silt, and 

sand. The textural class in the study area is clay loam (filed observation).   

3.1.4.  Climate 

The mean annual minimum and maximum temperature of Lemo woreda is 15.1
o
c and 

18.8
 o

c and mean annual rainfall of the area is 1346mm with seasonal distribution and 

that tends to be bimodal with rainfall becoming more continuous as elevation increases. 

Most of the rainfall falls from June to September (it is most intense during July and 

August). The relatively high amount of rainfall that received by the area is causing 
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rockslides and landslides from the highly degraded up slopes (Berihanu, 2010;  BoFED, 

2012; Melese, 2014).  

 

Figure 4. Mean monthly temperature and annual rainfall of Lemo  

Source: National Meteorology Agency (2014/2015) cited by Melese, 2014 

3.1.5. Land use and farming system 

The current land use in Lemo district can be categorized broadly into three categories: 

arable land covering the largest proportion of the district with about 84.3%, grazing land 

covering 10.5% and forest 5.2%. The dominant activities under land use pattern in area 

include cultivation of perennial crops such as enset, coffee, chat, eucalyptus. Whereas the 

annual food crops, including cereals (maize, sorghum, barley, wheat, tef), pulses (beans, 

soybeans), and root crop (potatoes). Small-scale subsistence mixed farming system, with 

livestock production is an integral land use system in the area. Crop production is mainly 

rain fed (Berihanu, 2010, Melese, 2014).    

The availability of feed and water are serious constraints to livestock production in the in 

Lemo woreda where communal grazing areas, private pastures and crop residues are the 

principal sources of feed (Berihanu, 2010; Melese, 2014).   
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3.2. Comparative Analysis approach  

In this study, space-for-time substitution approach (Fukami and Wardle, 2005) were used 

to detect changes in vegetation composition, diversity, richness and density, soil physical 

and chemical properties and biomass and carbon stock after conversion of degraded land. 

This approach, which has a long tradition in ecology, is a method that is used to 

extrapolate temporal dynamics of vegetation succession by comparing multiple sites of 

different ages since disturbance or land use change in a region.  

The inherent assumption in this approach is that ex-closures and the paired adjacent open 

grazing land should have comparable initial conditions such that changes in vegetation 

composition, diversity, richness and diversity, soil properties and biomass and carbon 

stock are a consequence of the establishment of ex-closure. Thus, two ex-closure and 

open grazing land adjacent to each other were selected. Local elders were consulted to 

check about the two land use types for comparable initial conditions.   

3.3. Data collection and sampling technique 

Systematic transect sampling technique was used to study the woody vegetation 

following the (Muller-Dombois, 1974) procedure. Transects were systematically laid 

across area ex-closures and open grazing lands, and were used to collect quantitative 

primary data on the status of vegetation from each ex-closed and open grazing land. Soil 

samples were collected from sample plots laid for vegetation.  

3.3.1. Vegetation sampling 

Parallel transect lines were laid crossing each study sites from one sample point to other 

to determine the species composition, density and abundance (Emiru Birhane et al., 



27 
 

2007). The first and last transect lines were laid at a distance of 50 m from the edges to 

avoid the effect of disturbances. The distance between two consecutive parallel transect 

lines in this study were 100 and 200 m. The first sample point was chosen randomly. A 

plot size of 20m x 20m (400m
2
) sample quadrats were laid at 150 m interval along each 

transects with a total of 78 plots (33 from young ex-closure and 19 from its adjacent 

grazing land and 16 from old ex-closure and 10 from its adjacent grazing land). Fewer 

quadrat plots were taken on open grazing area because it is spatially less heterogeneous 

and barren of vegetation as compared to ex-closures (Tefera Mengistu et al., 2005).   

The quadrats were marked parallel along the transect using plastic ribbon, four wooden 

pegs and compass. In each quadrat, the following measurements were made: (i) The types 

and number of all individuals of woody species were identified, counted and recorded by 

their local and /or scientific names (Emiru Birhane et al., 2007). Dendrology book of 

Azene Bekele (2007) was used as a field guide; (ii) The height and diameter of woody 

species were measured using measuring stick and diameter tape, respectively. The 

diameter measurement was taken above the ground at breast height of the tree (Tefera 

Mengistu et al., 2005), and diameter at breast height (DBH) for trees and diameter at 

stump height (DSH) for shrubs were measured (Haile Getseselassie, 2012). Individuals 

with a height ≥3 m and DBH >2.5 cm were considered as trees/shrubs, individuals < 2 m 

in height and DBH <2.5 cm were recorded as saplings, and height less than 1 m were 

taken as seedlings and only their numbers were counted (Emiru Birhane et al., 2007; Lai 

et al., 2009).  

Herbarium specimens were collected for those plants which could not be identified in the 

field, properly dried in a plant press, and identified at the National Herbarium in Addis 
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Ababa University, where voucher specimens were deposited. The names of plant species 

were as per the published Flora of Ethiopia and Eretria (Edwards et al., 1995; Hedberg et 

al., 2004; Edwards et al., 1997; Hedberg et al., 2006; Hedbergs et al., 2009).  

 
Figure 5. Some of the specimens collected and dried  

3.3.2. Soil sampling  

Soil samples were taken at a depth of 20cm for elemental analysis and 30cm for soil 

carbon stock estimation using auger from each study quadrat plots of the vegetation 

sampling. Soil was sampled from the four corners and at the center of each plot as 

illustrated on Figure 6 and subsequently mixed. A composite of 500 gm of sample was 

taken for soil physico-chemical analysis in quadrat plots in each site of both closed and 

adjacent open area. These soil samples were mixed well, air dried, sieved with 2mm 

sieve, packed with plastic bags, coded at the laboratory of Center for Environmental 

Science, Addis Ababa University and taken to soil laboratory for analysis following 

standard procedures.  
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Figure 6. Sampling layout for soil in each vegetation sampling quadrant 

 

The samples were further sieved to pass through a 0.5 mm size sieve for the analysis of 

total nitrogen content of the soil. The disturbed samples were used for determination of 

particle size distribution, soil pH, organic carbon, total nitrogen, available phosphorus, 

exchangeable bases, and cation exchange capacity. On the other hand, the undisturbed 

samples were used for determination of dry bulk density using core sampler. 

3.4.  Vegetation Data Analysis 

3.4.1. Species Diversity and Population Structure data Analysis 

Biological diversity could be quantified in different ways. Species richness and evenness 

are important indicative for biodiversity. Indices that combine both richness and evenness 

into a single value are diversity indices. Hence, Shannon Wiener diversity index and 

species richness were computed to describe species diversity, and the population size of 

each of the species present. Shannon Wiener diversity index is the most popular measure 

of species diversity because it accounts both for species richness and evenness, and it is 
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not affected by sample size (Fikadu Erenso et al., 2014). The Shannon diversity indexes 

were calculated as; 

 

                                                         ∑         
                                                   (3.1) 

          Where: 

                    H′ = Diversity of species 

                     S = the number of species 

                     Pi = the proportion of individuals abundance of the ith species 

                     ln =log base 

Shannon evenness index was used to calculate species evenness following the equation: 

             
  

     
  

 ∑          
   

   
                                         (3.2) 

Shannon’s diversity index “H” can be calculated using the formula H = - Summation 

[P(i) xlnP(i)]. For each species, multiply its proportion “P (i)” by natural logarithm of that 

proportions lnP(i), sum across species and multiply the result by minus one. Dividing 

Shannon’s diversity index H by natural logarithm of species richness ln(S) gives species 

evenness. 

Where:  

          H′max= ln S 

          H′= Shannon diversity index 

          ln S = the natural logarithm of the total number of species in each community 

          S= number of species in each community (Shannon and Weaver, 1949). 
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Evenness (equitability) is measures as the relative abundance of the different species 

making up the richness of an area and when compared the similarity of the population 

size of each of the species present. The species evenness that measures the equity of 

species in a given sample area is represented by 0 and 1, where 0 indicates the abundance 

of few species and 1 indicates the conditions where all species are equally abundant 

(Whittaker, 1965).  

Sorensen’s similarity coefficient was also calculated using the following formula to 

determine similarities between closed and open grazing land. 

   
  

      
                                                                          (3.3) 

        Where, 

                     a = number of species common to both lands. 

                     b = number of species present in the first and absent from the second. 

                     c = number of species present in the second habitat and absent from the first. 

 

Species densities, height, and diameter at breast height (DBH) were used for description 

of vegetation structure. The population structures were analyzed using histograms with 

the grouped diameter classes and height. It was constructed by using the density of 

individuals of each species (Y-axis) categorized into seven diameters classes (X-axis) 

John N. et al., 2015), i.e. 1 = < 2 cm; 2 = 2 - 5 cm; 3 = 5 – 7.5 cm; 4 = 7.5 - 10 cm; 5 = 10 

- 15 cm; 6 = 15 - 20 cm; 7 = >20 cm. The purpose of using size class distributions in 

diameter at breast height (DBH) is to investigate the regeneration status of the woody 

plant species (Peters and Mundial, 1996). 
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The vegetation data of the woody species were calculated and summarized on Excel 

spreadsheet using the following formulas.                                                                     

         
                                    

                      
                                                                   (3.4) 
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                                                      (3.7) 

     
   

 
                                                                                                                      (3.8) 

Where; 

              BA= basal area in m
2
 per hectare. 

              d= diameter at breast height in meter.  

              π=3.14 

                   
                       

                               
                                                  (3.9) 

The relative ecological importance of a given woody species at a particular site can be 

indicated by Important Value Index (IVI), and it was determined from the summation of 

the relative values of density, frequency and dominance of each woody species 

(Masamba et al., 2015). 

3.4.2. Soil Laboratory Analysis 

Specific laboratory methods were used to analysis each of the chemical and physical 

properties of the soil. The  pH was measured using  pH meter method in the supernatant 

suspension of 1:2.5 soils to water ratio (Schofield and Taylor, 1955), Organic carbon of 
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the soils were determined following the wet digestion method as described by (Wakley 

and Black, 1934) while percentage organic matter of the soils were calculated by 

multiplying the percent organic carbon value by 1.724. Atomic absorption 

spectrophotometer method was used to measure available Ca
+2 

and Mg
+2 

and also Na
+
 

and K
+
 availability were determined by flame photometer (Blake, 1965). The available 

phosphorus and total nitrogen were analyzed following Olsen’s method and the kjeldahl 

procedure, respectively (Jackson, 1967; Olsen, 1954). The sampled soils were analyzed at 

National Soil testing Center, Oromia Water Works Design and Supervision Enterprise; 

soil laboratory service and Center for Environmental Science, AAU.   

The relative proportion of soil particles (clay, sand, silt) known as texture were analyzed 

using sieve and hydrometer method. The core method was used to determine soil bulk 

density (Blake, 1965). Total porosity (ƒ) was estimated from the values of bulk density 

(pb) and average particle density (ps) (1.65) of mineral soil as: 

                                                                    (3.10) 

Where: 

             F = total porosity in percent 

              Pb = bulk density 

             ps= particle density 

3.4.3. Estimation of biomass and carbon stock 

To determine carbon stock density in both land use types, carbon stock pools from above 

ground biomass, below ground biomass, herbaceous and soil carbon were estimated. 

Pantropical AGB model developed by Chave et al. (2014) was used to estimate Above 
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Ground Biomass (AGB). This model is used because it comprised many study sites of 

wood vegetation in Africa by covering a wide range of climatic conditions and dry 

tropical forest types DBH ranging from 5 to 212cm. According to Henry et al. (2010), 

equations that integrate more than one tree parameters improve the reliability of forest 

biomass estimation. Therefore, the model of Chave et al. (2014) was used and has been 

the best model for carbon stock assessment in Africa (MEFCC, 2016) on the basis of 

climatic condition, DBH of trees and forest type of the study area to determine biomass 

of tree species having ≥5 cm DBH. The model: 

                                                                                                          (3.11) 

       Where: 

           AGBest= Estimation of the aboveground biomass (kg), 

           H= Height of tree (m), 

           D = Diameter (cm) at breast height (1.37 m), and 

           ρ = Wood density (t m
-3

) 

Biomass estimation model developed by WBISPP (2004) for trees or shrubs was also 

used to estimate biomass of trees with small diameter (<5cm) and shrubs. The model is 

used because it developed specifically for moist woinadega of SNNPR. The agro-ecology 

of the study area is moist woinadega. Therefore, the model can be more appropriate to 

estimate biomass in the study area. The Model: 

                                                                                                (3.12) 

    Where:  

         Y = estimation of aboveground biomass (kg) 

        DSH = Diameter at stump height 
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IPCC reported that the dry biomass in tropical and sub-tropical region contains 47% 

organic carbon. Thus, a default carbon fraction of 0.47 was used to convert biomass stock 

density of a sampling plot to carbon stock densities (IPCC, 2006). Below Ground 

Biomass (BGB) was estimated by considering 20% of the AGB (MacDicken, 1997).  

                                                                                                                     (3.13) 

 Likewise AGB, the biomass of stock density was converted to carbon stock density by 

multiplying 0.47 fraction of (IPCC, 2006) default value. 

The loss on ignition (LOI) method was used for biomass and percentage of carbon 

estimation of herbs and grasses. Fresh weight of samples were taken on the field, and 

then dried at 65°C in the oven for 48 hrs. 5 g oven dried grind samples were taken put in 

the furnace at 550°C for 1 hr to ignite. After cooling, ashes were weighed and percentage 

of organic carbon was calculated according to Allen (1986) 

         
     

    
                                                                                                                            

(3.14) 

                                                                                                          (3.15) 

Where: 

           C= Biomass carbon stock, 

           W1= Weight of the oven-dried grind sample  

           W2= Weight of ash. 
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Figure 7. Drying and burning of herb and grass 

Pearson et al. (2005) method was used to calculate biomass of herbs and grasses (t/ha).  

The subsamples were used to determine an oven-dry-to-wet mass ratio that was used to 

convert the total wet mass to oven dry mass. The amount of biomass per unit area was 

calculated as: 

    
   

 
   

           

           
  

 

      
                                                                          (3.16) 

Where;  

           BHG= Biomass of herbs and grasses (t/ha). 

           WFW= weight of wet field sample of HGs sampled within an area of 1m
2
 (g). 

           A= Size of the area in which HGs were collected (ha). 

           DWsubsample = Weight of the oven-dry sub-sample of HGs (g). 

           WWsubsample = Weight of the fresh sub-sample of HGs (g). 
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Carbon stocks in Herbs and grasses biomass: 

                                                                                                                    (3.17) 

    Where: 

             CHG is the total carbon stocks in the herb and grass in t/ha. 

            BHG= Biomass of herbs and grasses (t/ha) 

            % C is carbon fraction determined in the laboratory (Pearson et al., 2005).  

Soil carbon stock of both land use types were estimated using bulk density and soil 

organic carbon following the following formula: 

                                                                                                              (3.15) 

Where: 

          SOC   - Soil Organic Carbon stock per unit area (t ha
−1

) 

          BD- Bulk density  

          D - Soil depth at which the sample was taken (30 cm),  

          %C – Carbon concentration (%) determined in the laboratory. 

 

The total carbon stock is then converted to tons of CO2 equivalent by multiplying it by 

molecular weight ratio of CO2 to O2 (44/12=3.67) (Pearson et al., 2007) in order to 

understand climate change mitigation potential of the study area. 

3.4.4. Statistical data analysis 

The data of ex-closures and open grazing lands were compared to exam the consequences 

of ex-closure on woody species diversity, soil improvement and carbon stock change. 

Microsoft Excel 2010 and open-refine were used to organize and refine the data.  

Descriptive statistics and two ways ANOVA using SPSS version 21 were applied to test 
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whether or not a significant difference exists in the study sites. The mean separation was 

carried out using the least significant difference (LSD) at (P ≤ 0.05) probability levels 

(Gomez and Gomez, 1984).  To compare species richness and diversity of woody species 

among the ex-closures and open grazing land pair sample test were used. Pearson 

correlation test was also applied to assess the correlation among soil parameters and their 

relation to species diversity and ex-closure duration. 
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4. Results and Discussion 

4.1. Composition and Diversity of the woody vegetation    

4.1.1. Floristic composition 

 A total of 74 woody species representing 40 families were recorded in the land use types. 

As shown on the Table below, 67 species belong to 38 families and 18 species belong to 

16 families were recorded from 10 years ex-closure and open grazing land, respectively. 

Similarly, 46 species representing 31 families from 24 years ex-closure and 17 species 

representing 13 families from open grazing land were also recorded (Table 3; Appendix 

2). 

Table 3. Total number of species and families recorded 

        Land use Genera Species  Families To Ethiopia 

        Indigenous Exotic 

10 years ex-closure  53 67 38 57 10 

24 years ex-closure 38 46 31 40 6 

Open-grazing land one 16 18 16 17 1 

Open-grazing land two 14 17 13 15 2 

Total 56 74 40 64 10 

 

Among the total families recorded, 18 families were common to both the ex-closures and 

open grazing lands whereas the remaining 22 families were recorded in the ex-closures 

only. Fabaceae, represented by nine species, was the most dominant family followed by 

Flacourtiaceae, Myrtaceae and Rosaceae each represented by three species. The other 

remaining families were represented by either one or two species in both land use types 

(Appendix 2).   
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From the total species recorded in land use types, 64 species were indigenous to Ethiopia 

while the remaining 10 species were exotic (Table 3). Five out of the 10 exotic species 

such as Acacia saligna, Acacia decurrens, Eucalyptus camaldulensis, Eucalyptus 

globulus and Grevillea robusta were planted by the community to assist the 

rehabilitation.   

As shown above in Table 3, the compositions of woody species were more in the ex-

closures than open grazing lands. This might be resulted due to the effect of the 

management practice. However, more species were recorded in 10 years than 24 years 

ex-closure. The dominance of certain species might be the reason that the old ex-closure 

accounted relatively less woody species than young ex-closure. Conversely, the less 

woody species recorded in open grazing lands might be due to the human and livestock 

influence.   

In agreement with this study, more vegetation composition in ex-closures than open 

grazing lands has been reported by Tefera Mengistu et al. (2005); Wolde Mekuria and 

Mastewal Yami (2013) and Wolde Mekuria et al. (2015). Thus, better vegetation 

compositions in ex-closures imply that the practice plays a significant role in the 

rehabilitation of degraded land. 

Sorensen’s similarity coefficient has also showed a significant difference in species 

compositions varying between 0.41 to 0.73 (Table 4). Young and old ex-closures are 

more similar in species each other than open grazing lands. The dissimilarity of species 

between the land use types might be due to the restoration of fast growing species in ex-

closures. Likewise, the study conducted by Tefera Mengistu et al. (2005) reported that   
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species similarity difference between ex-closures and open grazing lands due to the 

difference in the management practice.   

Table 4. Sorensen’s similarity coefficient (SSC) of study sites 

  Open grazing land  Ex-closure 

    10 years  24 years  

Open grazing land 1 
  

10 year ex-closure 0.41 1 
 

24 years ex-closure 0.44 0.73 1 

 

4.1.2. Woody species diversity 

4.1.2.1. Richness, diversity and evenness of woody species 

As shown below in Table 5, more species richness, diversity and better evenness were 

observed in ex-closures than open grazing lands. The species richness and diversity in ex-

closures were more than twofold of open grazing lands. However, less species richness 

was recorded in 24 years than 10 years ex-closures.    

Table 5. Species richness, evenness, and Shannon-Wiener Index (H) in the land use types 

        Land use 
Species 

richness 

Species 

evenness 

Species  

diversity (H’) 

10 years ex-closure 65 0.74 3.1 

24 years ex-closure  46 0.84 3.21 

Open grazing land one 18 0.69 1.99 

Open grazing land two 17 0.72 1.96 
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Species richness measure the number of species present in the area than number of 

individuals represent for each species. One species represented by a single individual has 

equal meaning with a species represented by many individuals in the given community. 

Apart from the number of individuals of a given species, more species in a given area 

implies more species richness.  

The computed Shannon Wiener diversity indexes (H’) of woody species in ex-closures 

were higher than open grazing lands. The diversity of old ex-closure was more than 

nearly twice of open grazing land and slightly higher than the young ex-closure (Table 5).   

Conversely, the relative abundance of the different species which is ecologically known 

by species evenness was higher in ex-closures than open grazing lands. The value of 

species evenness is always in between 0 and 1. Where, 0 shows the abundance of few 

species and 1 shows equally abundance of all species in the area. As shown on Table 5, 

the abundance of species in both land use types is greater than 0.6. It is better closer to 1 

than 0 might be due the similarity in altitudinal range, geographic location and climatic 

conditions of the area. However, old ex-closure exhibited higher value of evenness than 

open grazing and the young ex-closure. The higher evenness under old ex-closure might 

be an indication that the ex-closure duration able to impact the evenness of the species.    

Hence, the higher Shannon diversity (H’) and Evenness (J) indices under ex-closures 

could be an implication of the improvement in woody species diversity due to the 

practice. Species richness and diversity were significantly varied in the land use types 

(p<0.05).  However, no significant variation was observed in ex-closure duration.  
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Table 6. Summary of two ways ANOVA results for species richness and diversity in 

relation to land use types and ex-closure duration.  

Source of variation df Richness   Diversity 

  

 

MS p   MS P 

Land use types 1 520.51 0.000 

 

8.89 0.000 

Ex-closure duration 1 1.22 0.8500   0.16 0.4750 

       df =degree of freedom, MS= mean square,  p= significance level 

The LSD analysis also showed a significant mean difference of diversity indices in the 

land use types (p<0.05) (Appendix 4). Likewise, a significant mean difference of species 

diversity between young and old ex-closure was observed.  

In agreement with this study, significantly higher a Shannon Wiener diversity index 

under ex-closure has been reported by Jeddi and Chaieb (2010) and Tefera Mengistu et 

al. (2005). Wolde Mekuria and Mastewal Yami (2013) also revealed that species richness 

and diversity are enhanced after degraded lands are excluded from human and livestock 

interference.  

However, in contrary with Wolde Mekuria and Mastewal Yami (2013) the old ex-closure 

exhibited less species richness than the young ex-closure indicating that species richness 

may necessarily affected by long term exclusion. According to Oba et al. (2001) a study 

conducted in semi-arid Kenya showed that species richness decline with age of grazing 

ex-closure after an increase up to a certain level. Conversely, a study in Southern 

Ethiopia reported by Ayana Angassa and Oba (2010) showed a declined species richness 
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of herbaceous with age. Herbaceous and pioneer species richness declines with the 

increase in abundance of shrub and tree species (Oba et al., 2001).  

Yet, the result of other diversity measures such as Shannon diversity (H’) and Evenness 

(J) indices revealed that the 24 years ex-closure is more diverse than 10 years ex-closure. 

It is because, unlike species richness, these indexes are considering individuals 

representing a given species.  

The improved species richness and diversity in ex-closures of the study area likewise of 

vegetation composition might be the effect of the management practice. Thus, this 

implies that avoiding degrading agents such as human and livestock interference would 

enable the area to be recovering its diversity from severe degradation.     

4.1.3. Woody species structure  

4.1.3.1. Density and frequency of woody species 

As shown on the table below, ex-closures exhibited higher density of woody species than 

open grazing lands. The old ex-closure showed a density of 3324 individuals per hectare. 

The proportion of tree, saplings and seedlings were 23.1%, 23% and 53.8%, respectively. 

While, open grazing land showed 118 individuals per hectare, in which trees, saplings 

and seedlings constituted 52.54%, 47.5% and 9.6%, respectively.  
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Table 7. Seedling, Sapling and tree density and their proportion in ex-closures and open 

grazing lands (individuals/hectare) 

 Land use Density/ha 

Total 

Proportion (%) 

Seedlings Saplings Tree Seedlings Saplings Tree 

10 years ex-closure 1269 879 644 2792 45.5 31.5 23.1 

24 years ex-closure 1791 765 768 3324 53.8 23.1 23.1 

Open grazing one 47 187 248  482 9.7 38.8 51.5 

Open grazing two 9 56 62 118 9.6 47.5 52.54 

 

Similarly, 2792 individuals per hectare were exhibited under young ex-closure with 

23.1%, 31.5% and 45.5% proportion of trees, saplings and seedlings, respectively while 

482 individual were recorded in open grazing land. Of which trees, saplings and 

seedlings accounted 51.5%, 38.8%and 9.7%, respectively. Proportionally, the density of 

seedlings in ex-closures is greater than saplings and trees which could be an implication 

for a good regeneration status in the area.  

Generally, the density of woody species in ex-closures significantly exceeded the density 

of open grazing lands in all size groups (trees, sapling and seedling). The recovery of 

individuals in ex-closures may be due to improvement in micro climate. Similar with this 

result, higher density of woody species has been reported by Tefera Mengistu et al. 

(2005) in ex-closures as compared to open grazing lands. Less vegetation density under 

open grazing land is might be due to the disturbance by livestock grazing of palatable 

species, which in turn impairs natural regeneration (Bot and Benites, 2005). 
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Moreover, higher density of woody species per hectare
 
in terms of their habit was 

recorded under ex-closures than open grazing lands (Figure 8). Shrubs were the dominant 

life habit in both land use types. The old ex-closure exhibited relatively more tree density 

than young ex-closure whereas more shrubs were recorded under young ex-closure. A 

study conducted by Shimeles Damene et al. (2013) reported that trees are more dominant 

than shrubs in 27 years ex-closure as compared to 10 years old ex-closure.     

                  

Figure 8. Woody species density by their habit (Tree and Shrub) 

  

The study conducted by Demel Teketay et al. (2018) revealed that the density of woody 

species in ex-closures is more than twofold of unclosed one. The number of individual 

expressed by density increased due to less disturbing agent under ex-closures than open 

grazing lands. The result implies that there is a favorable condition in ex-closures that 

facilitates the growing of woody species than open grazing lands. Therefore, this finding 

clearly provides additional empirical evidence about the role of area ex-closures in 

enhancing the density of woody species which in turn contribute the overall ecological 

improvement in the area.  
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The most dense and frequently occurred species in both land use types are listed below in 

Table 8. The density and frequency of individual species are higher in ex-closures than 

open grazing lands.  

Dodonaea angustifolia was the most dominant species in density in 10 years ex-closure 

followed by Euclea divinorum, Carissa spinarum, Acacia saligna and Myrsine africana. 

However, Carissa spinarum was the most densely populated species in 24 years ex-

closure followed by Dodonaea angustifolia and Acacia saligna.  

Table 8. Densities and frequencies of some species in both land use types (Density/ha, 

frequency (%)).   

Species name    Ex-closures     Open grazing lands 

10 years   24 years 

 

One 

 

Two 

Dens. Freq.     Dens. Freq.     Dens. Freq.     Dens. Freq.   

Dodonaea angustifolia  211 89 
 

178 87 

 

139 39 

 

23 30 

Euclea divinorum 186 78 
 

38 25 

 

83 56 

 

- - 

Carissa spinarum 170 67 
 

223 94 

 

108 28 

 

93 40 

Acacia saligna   130 39 
 

123 75 

 

- - 

 

- - 

Myrsine africana 109 67 
 

50 36 

 

7 28 

 

- - 

Acacia decurrens  67 33 
 

111 69 

 

- - 

 

- - 

Olinia rochetiana  62 42 
 

17 19 

 

6 6 

 

- - 

Erica arborea 52 27 
 

5 6 

 

11 28 

 

- - 

Juniperus procera  
49 

 

55  48 75 

 

- - 

 

8 20 

Acacia seyal  42 52 
 

19 6 

 

8 28 

 

10 30 

Syzygium guineense  
40 

 

21  63 44 

    

 

50 50 

Pittosporum 

abyssinicum  36 

 

52  20 31 

 

6 23 

 

- - 

Heteromorpha 

arborescens  32 

 

27  63 44 

 

- - 

 

- - 

Croton macrostachyus  - - 

 

- - 

 

13 6 

 

28 40 

Maesa lanceolata - -   - -   - -   10 40 
Dens. = Density/ha, Freq. = Frequency (%) “–“ =absent in the sample plot 



48 
 

In 10 years ex-closure, Dodonaea angustifolia, Euclea divinorum, Carissa spinarum, 

Myrsine africana, Acacia seyal and Juniperus procera were occurred most frequently 

from high to low, respectively. They accounted more than 50% frequency of occurrence 

(Table 8). Likewise, Carissa spinarum., Dodonaea angustifolia, Juniperus procera, 

Acacia decurrens, Syzygium guineense and Acacia abyssinica were also occurred most 

frequently in 24 years ex-closure. In open grazing land, the most frequently occurred 

woody species was Euclea divinorum followed by Dodonaea angustifolia and Carissa 

spinarum. The complete list of the frequency and density of woody species recorded are 

shown on appendix 1. 

4.1.3.2. Woody species population structure 

The overall tree height and diameter measured in ex-closures and open grazing lands 

were illustrated below on Figure 9.    

 
Figure 9. Population structure of woody species in ex-closures and open grazing lands 

(Diameter class distribution).   
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(a= 10 years ex-closure, b= open grazing one c=24years ex-closure, d= open grazing 

two), Diameter classes: (1=<2cm, 2=2-5cm, 3=5-7.5cm, 4=7.5-10cm, 5=10-15cm, 6=15-

20, 7=>20cm). 

 

The highest numbers of individuals were found in the diameter class less than 5cm, in 

both land use types declining with increasing diameter (Figure 9). The practice   

exhibited a linear decrease in number individuals from small diameter class to higher 

diameter class. But, the diameter classes under open grazing lands were nonlinear pattern 

of distribution. Unlike open grazing lands, the distribution of diameter classes in the ex-

closures followed an inverted “J” shaped pattern of distribution indicating a good status 

of regeneration.  

 

 Figure 10. Population structure of woody species in ex-closures and open grazing lands 

(Height class distribution).   
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(a= 10years ex-closure, b= open grazing one c=24years ex-closure, d= open grazing two), 

Diameter classes: (1=<2cm, 2=2-5cm, 3=5-7.5cm, 4=7.5-10cm, 5=10-15cm, 6=15-20, 

7=>20cm) 

 

Similarly, the lower height classes in both land use types were represented by the highest 

numbers of individuals (Figure 10). The distribution pattern showed a decrease in number 

of individuals with increase in height class. However, a linear decrease has been observed 

in ex-closures than open grazing lands from lower to higher height class distribution. 

Alike the diameter class, nearly an inverted “J” shaped pattern were also observed in the 

height class distribution of ex-closures (Figure 10).  

As shown by Figure 9 and 10 above, similar trends of diameter and height class 

distribution have been observed in both ex-closures (10 and 24 years). This may be 

implies that the lower to higher diameter and height distribution is not necessarily 

influenced by the duration of ex-closure. However, the higher diameter and height class 

were represented by highest number of individuals in 24 years than 10 years ex-closure.   

The ongoing recruitment of woody species population exhibited by lower to higher 

diameter and height class in ex-closures is perhaps due to the contribution of the 

management practices. In contrast, the development of seedling to higher diameter class 

hindered in open grazing land is either due the removal by human for domestic purpose 

or the susceptibility of the species for disturbance (Kumlachew Yeshitela and Taye 

Bekele, 2003; Emiru Birhane et al., 2007). In agreement with result, Tefera Mengistu et 

al. (2005) revealed that ex-closures exhibited reversed “J” shape pattern of diameter 

distribution implying better recruitment performance of the area.  
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The DBH class of some representative and common to ex-closures and open grazing 

lands was also used to analysis comparative structure of woody species. Accordingly, the 

diameter class distribution of Carrisa spinarum indicated highest number of individuals 

in the lower-diameter class in ex-closure and comparatively lower in open grazing land. 

As shown by Figure 11, the highest numbers of individuals were found in the diameter 

class of 1-2cm, declining with increasing diameter in ex-closures.  

The population structure of Carrisa spinarum followed an inverted “J” shaped diameter 

class distribution in ex-closures. However, bell shaped population structure was observed 

in open grazing land where highest number of individuals were found in diameter class of 

2-5cm. This is perhaps the species is well managed in ex-closures than open grazing 

lands.   

  

Figure 11. Population structure for Carrisa spinarum and Dodonaea sngustifolia 

(Diameter class distribution) (Diameter classes:  

(1≤2cm, 2=2-5cm, 3=5-7.5cm, 4=7.5-10cm, 5=10-15cm, 6=15-20, 7≥20cm) 

 

As shown above in Figure 11, the diameter class distribution of Dodonaea angustifolia, 

the highest number of individuals in lowest diameter class (1-2cm) was recorded in 
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young ex-closure and comparatively lower in the open grazing lands and old ex-closure. 

The number of individuals was declining with increasing diameter class in young ex-

closure which exhibited an inverted “J” shaped patter of distribution. However, the 

highest number of individuals was observed in 2-5cm diameter class under old ex-closure 

and open grazing land. The seedling population of Dodonaea angustifolia in young ex-

closure was much higher than the subsequent higher-diameter classes. This indicates the 

species is pioneer to the area and good for restoration of degraded land.  However, less 

number of individuals in the lowest diameter class in open grazing lands might be 

resulted due to the grazing effect of livestock.  

  

  

Figure 12. Population structure for some representative species (diameter class 

distribution).  

Diameter classes: (1≤2cm, 2=2-5cm, 3=5-7.5cm, 4=7.5-10cm, 5=10-15cm, 6=15-20, 7≥20cm) 
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The diameter class distribution of other species such as Euclea divinorum, Syzygium 

guineense, Acacia abyssinica and Juniperus procera were comparatively represented by 

a significant number of individuals in diameter class of 1-2cm (Figure 12). However, the 

highest numbers of individuals were found in diameter class of 2-5cm, declining towards 

higher diameter classes in young ex-closure.  

In the old ex-closure, Syzygium guineense and Acacia abyssinica were represented by 

highest number of individuals in diameter class of 5-7.5cm and 10-15cm, respectively. 

The population structure of these species followed bell shaped pattern of distribution. The 

reason is may be due to these species are not fast in the recruitment of their seedlings. 

Unlike some species such as Carrisa spinarum and Dodonaea angustifolia, Acacia 

abyssinica and Juniperus procera were represented by individuals in each diameter class 

(1 to >20cm) in the ex-closures (Figure 12). Thus, these species are also well managed in 

ex-closures. 

4.1.3.3. Important value index (IVI) 

Important value index (IVI) measures how the species are dominant and ecologically 

important in the area. It is the sum total of the relative density, relative frequency and 

relative dominance of the species.  

The important value index for some woody species in ex-closures and open grazing lands 

is given below in Table 9. The complete lists of species with their IVIs are mentioned in 

appendix 3. Three woody species which showed highest IVIs are Dodonaea angustifolia 

(24.1), Euclea divinorum (23.79), Carissa spinarum (19.24) in 10 years ex-closure and 

the same species comprised 51.57, 42.51 and 42.93 IVIs in open grazing land, 
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respectively. The relative density and frequency of the species in both land use types 

were importantly attributed for their IVI’s values.  

Table 9 (a,b). IVI of some species in the ex-closures and open grazing land  

Species 10 years ex-closure   Open grazing land 

  RD RF RDO IVI   RD RF RDO IVI 

Dodonaea angustifolia  13.84 6.61 3.635 24.1 
 

32.05 9.72 9.795 51.57 

Euclea divinorum  12.24 5.69 5.85 23.8 
 

19.55 13.89 9.066 42.51 

Carissa spinarum  11.2 5.01 3.025 19.2 
 

25 6.94 10.983 42.93 

Myrsine africana  7.17 5.01 1.186 13.4 
 

1.6 6.94 0.534 9.08 

Olea europaea  1.89 4.1 1.16 7.15 
 

- - - - 

Juniperus procera    3.24 4.1 5.722 13.1 
 

- - - - 

Syzygium guineense  2.64 1.59 1.932 6.16 
 

- - - - 

Acacia seyal  2.79 3.87 7.751 14.4 
 

2.24 6.94 2.916 12.1 

Acacia abyssinica 1.00 1.59 6.03 8.62   0.64 6.94 5.49 13 

 

RD= relative density, RF= relative frequency, RDO= relative dominance, IVI= important value index and 

“-“= absent in the sample plot  

Similarly, some of the species that showed the highest IVI value in 24 years ex-closure 

are Carissa spinarum (22.96), Dodonaea angustifolia (22.46) and Juniperus procera 

(20.17), and the same species comprised 72.13, 24.51 and 23.28 IVIs in open grazing 

land, respectively. 

Table 10 (b). IVI of some species in the old ex-closure and open grazing land    

Species 24 years ex-closure   Open grazing land 

  RD RF RDO IVI   RD RF RDO IVI 

Dodonaea angustifolia   11.64 6.86 3.956 22.46 

 

14.29 8.82 1.4 24.51 

Euclea divinorum 2.45 1.96 0.253 4.67 

 

- - - - 

Carissa spinarum 14.61 7.35 0.998 22.96 

 

58.73 11.76 1.64 72.13 

Olea europaea  5.41 4.41 3.318 13.14 

 

- - - - 

Juniperus procera  3.17 5.88 11.12 20.17 

 

4.76 5.88 12.64 23.28 

Syzygium guineense  4.09 3.43 3.527 11.04 

 

31.75 14.71 3.38 49.83 

Acacia seyal  1.23 0.49 1.395 3.11 

 

6.33 8.82 7.01 22.18 

Acacia abyssinica 1.94 2.94 7.21 12.09   6.35 5.88 21.57 33.8 
 

RD= relative density, RF= relative frequency, RDO= relative dominance, IVI= important value index and 

“-“= absent in the sample plot 
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The IVIs of Carissa spinarum and Dodonaea angustifolia were more attributed by their 

relative density and frequency. However, the dominance takes the highest part for 

Juniperus procera.   

The ecological significance of species in a given ecosystem can be described by their 

important value index (Adefires Worku et al., 2012). High IVI values of a species implies 

more ecologically important than low IVI values of the species (Haileab Zegeye et al., 

2011). Thus, Dodonaea angustifolia and Carissa spinarum  they exhibited the highest 

IVI value in both land use types as compared to the other species, are more ecologically 

significance and plays a significant role in the restoration of degraded land.     

4.2. Soil physico-chemical properties change in ex-closures 

4.2.1. Soil physical characteristics change 

4.2.1.1. Soil bulk density and soil moisture content 

The mean value of soil bulk density revealed that the variation was significant with the 

land use types (p<0.05). As shown on Table 10, higher soil bulk density values were 

recorded under the two open grazing lands (1.55 ±0.038, 1.53 ±0.29, respectively). The 

significant decrease in soil bulk density in ex-closures is might be resulted due to the 

elimination of livestock trampling effect and organic matter improvement of the soil.  
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Table 10.  Soil bulk density, moisture content, porosity and soil textural class (%) in 

relation to the land use types and ex-closures duration (mean±SE) 

Variables 
Ex-closure duration  Land use types 

(year) Ex-closures Open grazing lands 

BD (g/cm3) 
10 1.22 (±0.020) 1.55 (±0.038) 

24 1.16 (±0.075)           1.53 (±0.29) 

SMC  
10 10.67 (±0.679) 4.26 (±0.283) 

24 12.78 (±3.073) 5.58 (±1.087) 

Porosity 
10 54.52 (±0.695) 38.12 (±1.250) 

24 56.30 (±1.019) 42.34 (±1.159) 

Clay 
10 43.32 (±0.64) 39.8 (±0.54) 

24 49.2 (±0.45)           40.12 (±0.79) 

Silt 
10 30.3 (±0.67) 27.76(±0.83) 

24 28.1 (±0.43) 25.32 (±0.62) 

 

Sand 

Textural class 

10 26.38 (±0.53) 32.44 (±.073) 

24 

Clay loam 

22.7 (±0.48) 

 

34.56 (±064) 

 
 SE= standard error of the mean, Bd= bulk density (g/cm

3
), SMC =soil moisture content (%) 

Soil compaction due to the trampling effect of livestock population would leads less 

porosity and to higher bulk density (Pei et al., 2008). The higher the compaction of the 

soil the lower the infiltration capacity, hence more runoff will be on the surface, which in 

turn causes soil erosion. Consequently, the recruitment of new grass and seedlings could 

be affected. Therefore, the improvement of soil compaction (less bulk density) in ex-

closures can significantly contribute to the reduction of soil erosion. A support for the 

present study, significant increase in soil bulk density has been reported by Pei et al. 

(2008) due to continuous grazing.  Fantaw Yimer et al. (2015) and Tizita Endale (2016) 

also reported higher soil bulk density under open grazing lands than ex-closures. Bulk 

density is one of the determinants for plant growth. The bulk density of a soil below 1.4g 

cm
-3

 and 1.6 g cm
-3 

for clay and sandy soil respectively could be a good value for plant 

growth. 
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Table 11. Summary of two ways ANOVA results for moisture content, bulk density and 

porosity in relation to land use types and ex-closure duration 

Source of 

variations  df SMC   BD   Porosity 

  

 

MS p   MS p   MS p 

Land use  1 226.55 0.000 

 

0.8 0.000 

 

1481.79 0.000 

 

Ex-closures 

duration 1 27.25 0.13   0.02 0.17   1.67 0.21 
df= degree of freedom, SMC= soil moisture content, BD=bulk density, MS= mean square, p= 

significant level  

 

Moisture content of the soil was significantly (p<0.05) varied in the land use types. The 

mean soil moisture content was higher in ex-closures than open grazing lands (Table 10).  

It is likely due to the decrease in bulk density because SMC and bulk density shows 

strongly negative correlation (r=-0.783) each other (Table 12).  

In agreement with this result, Fantaw Yimer et al. (2015) also reported higher moisture 

content of the soil in ex-closures than open grazing lands through improvement in soil 

structure. Soil moisture content of the soil in this study did not significantly varied with 

ex-closure duration (Table 11). However, higher mean estimates was shown in 24 years 

than 10 years ex-closure, reflecting ex-closure duration would influence moisture content 

of the soil.   

Table 12. Pearson correlation matrix for selected soil physical parameters  

  SMC BD Porosity 

SMC 1.00 
  

BD -0.783
**

 1.00 
 

Porosity 0.782
**

     -0.974
**

 1.00 

**. Correlation is significant at α= 0.01, SMC= soil moisture content, BD= bulk density 
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4.2.1.2. Soil texture and total porosity  

The textural class in the study sites did not significantly varied with land use types. The 

clay fraction in the land use types was higher than sand and silt fraction (Table 10). 

However, sand fraction was slightly higher in open grazing lands. The textural class of 

soil in both land use types is clay loam. The higher sandy particle fraction in open 

grazing land might have been resulted due to the removal of fine particles in open grazing 

land by erosion and leaving behind sand particles in the area. Thus, the slight increase in 

clay and silt content in ex-closures means that there is relatively less erosion there in 

relation to open grazing lands. However relatively higher erosion in open grazing lands 

might attributed to low clay content of the soil.  

Similar study conducted by Fantaw Yimer et al. (2015) revealed no significant difference 

of soil particle size fraction between ex-closure and open grazing land but ex-closures 

showed slight higher in clay and silt fraction than open grazing lands.  

Total porosity of the soil significantly varied in the land use types (p=0.000) (Table 11). 

The old ex-closure showed higher mean porosity than young ex-closure but it is not 

significant variation. Porosity restricts root growth if the percentage is less than 50% for 

clay and 40% for sand soil (Landon, 1991). The mean total porosity of ex-closures was 

more than 50%, reflecting no porosity problems which affect root growth of a plant 

(Table 10). Nevertheless, open grazing lands exhibited the porosity of nearly or less 40%, 

which is within the range of restrict root growth.  

The correlation coefficient also showed that there is a strong positive association 

(r=0.872) with soil moisture content and a strong negative association (r=-0.974) with 
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bulk density of the soil (Table 12). Soil porosity improvement in ex-closures might have 

resulted due to the avoidance of trampling effect by livestock and the accumulation of 

organic matter. Therefore, the result indicates that ex-closures able to improve soil 

porosity, which in turn enhances plant root growth and bloom vegetation growth.   

4.2.2.  Soil chemical property variations 

4.2.2.1. Soil pH and Electric Conductivity 

As shown below in Table 13, pH of the soil did not significantly varied in the land use 

types (p=0.057). However, the mean soil pH was slightly higher in ex-closures than open 

grazing lands (Table 14). Less leaching of base cations due to the accumulation and 

decomposition of leaf litter might be caused the absence of significant variation in the 

soil pH in the land use types.  

 

Table 13. Summary of two ways ANOVA results for soil pH and electric conductivity in 

relation to land use types and ex-closure duration 

Source of variations df pH   EC 

    MS p   MS p 

Land use  3 0.59 0.057 

 

0.007 0.536 

 

Ex-closures duration 1 1.44 0.021   0.008 0.420 

df=degree of freedom, EC=electrical conductivity(ds/m) 
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Table 14. Soil pH and electric conductivity in relations to land use types (mean±SE) 

Variables 
Ex-closure duration  Land use types 

(year) Ex-closures Open grazing lands 

pH 
   

10 6.38 (±0.101) 6.26 (±0.117) 

24 6.86 (±0.137)           6.41 (±0.171) 

 

EC 

   
10 0.10 (±0.025) 0.06(±0.0.04) 

24 0.06 (±0.004) 0.04 (±0.009) 
SE= standard error, EC= electrical conductivity (ds/m) 

In agreement with this result, a trivial increase in the mean of pH under ex-closures with 

no statistically significant variations was reported by Wolde Mekuria (2007) and Fantaw 

Yimer et al. (2015). This is believed to be due to the effect of organic matter that traps 

base cations as compared to the grazing lands. The increase pH in the soil might be due 

the higher soluble base cations (Ca
2+

 and Mg
2+

) that they reduce H
+
 responsible for 

acidity.    

The mean difference in EC was also not significant (p>0.05) between ex-closures and 

open grazing lands and ex-closures duration. However, ex-closures exhibited lower mean 

EC than open grazing lands which may reflects the absence of salinity. A weak positive 

correlation (r=0.063) between pH and EC was observed. Likewise, Noellemeyer et al. 

(2006) reported no significance difference in electrical conductivity due to area ex-

closure. 

4.2.2.2. Soil Organic Carbon, Total Nitrogen and Available phosphorus 

Soil organic carbon showed significant variations with land use types and ex-closures 

duration (p=0.000) (Table 15). Higher mean soil organic carbon was found in young and 
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old ex-closures (1.35 ±0.035, 1.86 ± 0.128, respectively) than two open grazing lands 

(1.05±0.101, 1.05±0.135) (Table 16). It is noticeably higher in ex-closures than open 

grazing lands. The improvement might have resulted due to the accumulation of organic 

matter through trees/shrubs liter fall. 

Table 15. Summary of two ways ANOVA results for organic carbon, total nitrogen and 

available phosphorus in relation to land use types and ex-closure duration 

Source of 

variations 
df OC   TN   Av.P 

    MS p   MS p   MS p 

Land use  3 1.025 0.000 

 

0.145 0.000 

 

0.305 0.631 

 

Ex-closures 

duration 

 

 

1 1.58 0.000 

  

0.299 0.001   0.341 0.445 
df= degree of freedom, MS= mean square, p= significant level, OC= organic carbon (%), TN= total 

nitrogen (%), Av.P= available phosphorus (ppm) 

 

Table 16. Soil organic carbon, total nitrogen and available phosphorus in relations to the 

land use types and ex-closure duration (mean±SE) 

Variables  Ex-closure duration Land use type 

  (year) Ex-closures Open grazing lands 

OC  
10 1.35(±0.035) 1.05(±0.135) 

24 1.86 (±0.128) 1.05(±0.101) 

TN  
10 0.40(±0.031) 0.30(±0.023) 

24 0.62(±0.033) 0.41(±0.031) 

Av.P  
10 0.80(±0.162) 0.60(±0.246) 

24 0.56(±0.141) 0.37(±0.242) 

SE= standard error of the mean, OC= organic carbon (%), TN= total nitrogen (%), Av.P= available 

phosphorus (ppm)  
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A positive significant correlation (r= 0.679) was observed between organic matter and 

ex-closures duration. It may reflects the duration of ex-closure determine the amount of 

organic carbon in the soil.  

Table 17. Pearson correlation between selected soil parameters and ex-closure duration 

  Duration OC TN Av.P 

Duration 1.00 
 

  OC  0.679
**

 1.00 

  TN  0.546
**

 0.182 1.00 

 Av. P  -0.136 -0.263 0.095 1.00 

**. Correlation is significant at α= 0.01, Duration= ex-closure duration, OC= organic matter (%), TN= total 

nitrogen (%), Av. P= available phosphorus (ppm) 

 

Similarly, the ANOVA result showed a significant difference (p=0.000) in total nitrogen 

between ex-closures and open grazing lands (Table 15). The higher mean value has been 

recorded in ex-closures and the old age (Table 16). A significant positive association was 

also observed between total nitrogen and ex-closure duration (r = 0.546, p<0.05) (Table 

17).   

Higher total nitrogen in ex-closures might be resulted due to nitrogen fixing plants and 

high soil organic carbon compared to open grazing lands. Nitrogen availability can be 

improved when the amount of legumes increased. Thus, the removal of grasses and other 

organic matter contributors due to continuous grazing and other disturbance might result 

the lowing of total nitrogen in open grazing lands.   

In agreement with this result, Raiesi and Riahi (2014) reported more soil organic matter 

in woody rangelands following ex-closures. Similarly, Pei et al. (2008) revealed a small 

increase in soil organic carbon under six year ex-closure compared the open grazing land. 
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Likewise, other study similarly reported higher total nitrogen in ex-closures than open 

grazing lands (Wolde Mekuria and Ermias Aynekulu, 2013; Fantaw Yimer et al., 2015). 

Moreover, significantly higher organic carbon and total nitrogen in ex-closures have been 

reported by Shimeles Damene et al. (2013) in relation to open grazing lands. Also more 

organic carbon and total nitrogen were reported in 27 years than 10 years old ex-closure 

(Shimeles Damene et al., 2013).  

Unlike soil organic carbon and total nitrogen, available phosphorous did not significantly 

varied in the land use types. However, as shown above in Table 16, the mean were 

slightly higher in the ex-closures than open grazing lands. The correlation between 

available phosphorous and ex-closures duration was negatively not significant (r=-0.136) 

(Table 17). This is may be due to the presence of phosphorous in its unavailable forms 

than the available one due to the parent material.  

In contrary with this result, Wolde Mekuria et al. (2007) and Temsegen Abebe et al. 

(2014) reported significantly higher available phosphorous in the ex-closures than 

unprotected lands. However, it is in agreement with Abiy Tsetargachew (2008) and Tizita 

Endale (2016). They reported insignificant change and lower value of available 

phosphorous following ex-closures. Moreover, significantly higher phosphorus in the 

communal grazing land compared to ex-closures in Nile Basin, Northern Ethiopia was 

reported by Wolde Mekuria et al. (2014). Thus, this may suggest that area ex-closures 

may not necessarily affect the availability of phosphorous in the soil.   
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4.2.2.3. Exchangeable bases and Cation Exchangeable Capacity  

Exchangeable potassium and calcium were significantly varied with land use types 

(p<0.05). The mean exchangeable potassium and calcium were found to be higher in ex-

closures than open grazing lands. Unlike potassium, calcium showed a decrease in 

amount with ex-closure duration. As shown in Table 18, exchangeable sodium and 

magnesium did not varied significantly in the land use types. However, slightly higher 

mean values were found in ex-closures than open grazing lands  

 

Table 18. Summary of two ways ANOVA results for exchangeable bases and cation 

exchange capacity of the soil in relation to land use types and ex-closure duration 

Source of 

variations 
df Na

+
   K

+
   Ca2

+
   Mg2

+
   CEC 

    MS P   MS p   MS p   MS p   MS p 

Land use  3 0.06 0.057 
 

0.28 0.008 
 

96.45 0.001 
 

1.31 0.348 
 

382.01 0.000 

 

 Ex-

closure 

duration 

 

1 
 

0.002 

 

0.806 
  

 

0.61 

 

0.000 
  

 

50.55 

 

0.096 
  

 

2.13 

 

0.190 
  

 

210.15 

 

0.013 
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Table 19. Mean exchangeable bases and CEC in relations to the land use types and ex-

closure duration (cmol (+) Kg
-1

) (mean±SE) 

Variables 
  Ex-closure duration  Land use 

(year) Ex-closures Open grazing lands 

Na
+
 10 0.70(±0.033) 0.60(±0.051) 

 
24 0.68(±0.042) 0.54(±0.031) 

K
+
 10 1.28 (± 0.217) 1.19 (±0.394) 

 

24 1.59 (±0.110) 1.19 (±0.159) 

Ca
+2

 10 18.35 (±0.896) 13.43 (±0.357) 

 
24 15.48 (±0.725) 10.88 (±0.426) 

Mg
+2

 10 5.30(±0.226) 4.97(±0.380) 

 

24 4.71(±0.299) 4.46(±0.530) 

CEC 10 31.26(±1.189) 22.94(±1.047) 

  24 25.40(±1.022) 18.21(±1.147) 

                 SE= standard error of the mean 

The LSD analysis of exchangeable potassium and calcium have also showed a significant 

mean difference (p=0.012, p=0.048, respectively) between old ex-closure and open 

grazing land (Appendix 5). However, a significant (p=0.003) mean variation for 

potassium and insignificant (p=0.061) for calcium between old and young ex-closures 

were observed. Nevertheless, the mean exchangeable calcium was found to be slightly 

higher in young ex-closure than open grazing land and old ex-closure. Unlike in the old 

ex-closure and the mean of calcium, insignificant (p=0.337) variation in potassium was 

observed between young ex-closure and open grazing land. But, slightly higher mean 

value was detected in young ex-closure than open grazing land (Table 19).  

Similar study conducted by Temsegen Abebe et al. (2014) revealed that exchangeable 

bases were significantly increased due to the practice. In this study, in agreement with 

Temsegen Abebe et al., (2014), potassium and calcium were increased in ex-closures 
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whereas sodium and magnesium showed insignificant variation and very slight increase 

in mean following ex-closure and ex-closure duration.  

Ex-closures are basically known by accumulation of woody and other biomass than open 

grazing lands resulted from their higher vegetation coverage and provision of higher litter 

input to the soil. Organic matter and exchangeable bases were positive correlated in this 

study. The correlation between potassium and organic carbon is positively significant. 

Nevertheless, exchangeable magnesium showed a negative insignificant correlation with 

organic matter (Table 20).  

Table 20. Pearson correlation between organic matter, exchangeable bases and CEC 

  OM Na
+
 K

+
 Ca

2+
 Mg

2+
 CEC 

OM      1.00 

     Na
+
 0.109 1.00 

    K
+
 0.464

**
 0.558

**
 1.00 

   Ca
2+

 0.016 0.439
**

 0.238 1.00 

  Mg
2+

 -0.030 0.444
**

 0.473
**

 0.681
**

 1.00 

 CEC 0.007
*
 0.650

**
 0.405

**
 0.841

**
 0.769

**
 1.00 

**. Correlation is significant at α= 0.01,  CEC= cation exchange capacity 

Generally, increase in some basic cations in ex-closure might be due to the accumulation 

of organic matter. The higher values of exchangeable cations could be attributed from the 

nutrient cycling role of increased biomass and improved organic matter content in the 

practice (Bot and Benites, 2005).   

CEC was also significantly (p=0.000) varied with land use types and positively correlated 

with organic matter (r= 0.007). The positive association may indicate CEC of the soil 

may be influenced by the organic matter. According to Gruba and Mulder (2015), soil 
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carbon is the major contributor for CEC in the soil and they correlate strongly. The higher 

CEC might be attributed by the higher soil organic matter content in ex-closures than 

open grazing land. 

In line with this result, Kibret Mamo (2008) and Temsegen Abebe et al. (2014) reported 

an increased soil CEC due to ex-closures and the increase was associated with organic 

matter content of the soil. Similarly, Wolde Mekuria and Veldkamp (2005) and Tizita 

Endale (2016) reported that CEC was significant increased due to the practice of area ex-

closure.   

4.3. Biomass and carbon stock change following ex-closures  

4.3.1. Biomass change in ex-closures 

The ANOVA analysis showed statistically significant (p=0.000) difference in biomass 

between ex-closures and open grazing lands. As shown on the table below, the mean 

above and below ground biomasses were higher in 10 years ex-closure (7.74±1.189, 

1.55±0.238 t ha
-1

, respectively), than in the grazing land (1.96±0.633, 0.39±0.127 t ha
-1

, 

respectively). Likewise, the biomass were higher in 24 years ex-closure (19.50±3.547, 

3.9±0.709 t ha
-1

, respectively), than in the open grazing land (3.10±0.912 and 0.62±0.182 

t ha
-1

, respectively). The biomasses of ex-closures were more than twofold of open 

grazing lands, implying that the practice is good enough to enhance degraded land 

biomass.  
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Table 21. Summary of two ways ANOVA results for biomass and carbon stock in 

relations to land use types and ex-closure duration 

Source of 

variations 

 

df 

 

AGB 

 

AGC 

 

BGB 

 

BGC 

 

    HGB       SOC 

    MS p MS p MS p MS p MS p MS p 

Land use  3 1003.9 0.000 221.8 0.000 40.2 0.000 8.9 0.000 0.05 0.000 1288.3 0.000 

            
   Ex-

closure 

duration 
1 1474.8 0.000 325.8 0.000 59.02 0.000 13.02 0.000 1.33 0.02 2144.9 0.000 

df=degree of freedom, AGB= aboveground biomass, AGC= aboveground carbon, BGB= Belowground 

biomass, BGC= belowground carbon,  HGB= herb and grass biomass, SOC= soil organic carbon, MS= 

mean square, p= significant level 

 

Table 22. Mean above and below ground biomass and carbon stock in relations to land 

use types (t ha
-1

) (mean±SE)  

Variables   Ex-closure duration  Land use  

  (year) Ex-closures Open grazing lands 

AGB 10 7.74(±1.19) 1.96(±0.63) 

 
24 19.50(±3.55) 3.10(±0.91) 

AGC 10 3.64 (± 0.56) 0.92(±0.30) 

 
24 9.17 (±1.67) 1.46(±0.43) 

BGB 10 1.55 (±0.24) 0.39 (±0.13) 

 
24 3.90 (±0.71) 0.62 (±0.18) 

BGC 
10 0.73(±0.11) 0.18(±0.06) 

24 1.83(±0.33) 0.29(±0.09) 

HGB 
10 0.03(±0.002) 0.003(±0.001) 

24 0.025 (±0.004) 0.003(±0.002) 

SE=standard error of the mean, AGB= aboveground biomass, AGC= aboveground carbon, BGB= 

Belowground biomass, BGC= belowground carbon,  HGB= herb and grass biomass 

 

Old ex-closure showed threefold of young ex-closure biomass, indicating that ex-closure 

duration enhances above and below ground biomass. A positive significant correlation 

(p= 0.000) has been also observed between biomass and ex-closure duration. 
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In agreement with result, Gao et al. (2011) reported a significant improvement of 

vegetation cover and biomass production as a result of excluding livestock on degraded 

land. Wolde Mekuria et al. (2015) similarly revealed the increase in above ground 

biomass following the establishment of ex-closures on communal grazing land. 

Moreover, the biomass result obtained in this study is in the range of the biomass of area 

ex-closures in various parts of Ethiopia reported by Abeje Eshete et al. (2016), which is 

2.09 to 22.21 ton/ha. Exclusion of livestock from degraded land increase cover and 

productivity and then able to restore vegetation and seemingly enhance biomass.   

 The herb and grass biomass also showed statistically significant variation (p=0.000) 

between ex-closures and open grazing lands. The mean biomass in 10 and 24 years ex-

closure were higher (0.03±0.02, 0.025±0.004 t ha
-
, respectively), than in the grazing 

lands (0.003±0.001, 0.0032±0.002 t ha
-1

) (Table 22).  

Significantly higher herb and grass biomass under ex-closure is due the exclusion of 

livestock grazing and other associate favorable conditions following the practice. A 

support for this, Tesfay Yayneshet et al. (2009) reported more above ground herbaceous 

biomass inside ex-closure than open grazing land. It is clear that grazing dimensions 

grass and other herbaceous in a given area. Thus very insignificant herbaceous biomass 

was estimated under grazing land use.    
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4.3.2. Carbon stock change in ex-closures 

4.3.2.1. Above and below ground carbon stock 

The carbon stock in above and belowground biomass exhibited a significant difference 

(p=0.000) in the land use types. The mean stock in ex-closures was significantly higher 

due to the higher tree biomass than open grazing lands. The young ex-closure showed 

mean of 3.64±0.559 ton/ha
 
whereas open grazing land showed 0.92±0.297 ton/ha above 

ground carbon stock. Conversely, 9.17± 1.667 and 1.46±0.429 ton/ha
 
carbon stock was 

estimated in old ex-closures and open grazing land, respectively (Table 22 and Figure 

13).
  

 In line with this result, significantly higher above ground carbon stock has been reported 

by other studies (Wolde Mekuria et al., 2009; Cheng et al. 2011) under ex-closures than 

open grazing lands. Wolde Mekuria et al. (2015) also reported 0.6 to 4.2 ton/ha of above 

ground carbon stock under ex-closures in Nile Basin of Ethiopia.  

      
                a= aboveground, b=below ground 

Figure 13. Above and below ground biomass, carbon and CO2 equivalence in in the land 

use types (ton/ha) 

a b 
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As shown above in Table 22 and Figure 13, the mean below ground carbon stock in 

young ex-closure and open grazing land were 0.73±0.112 and 0.18±0.060 t ha
-1

, 

respectively. Similarly, old ex-closure and open grazing land showed 1.83±0.333 and 

0.29 ±0.086 ton/ha of below ground carbon stock, respectively.  

The carbon stocks in these pools were more in 24 years than 10 years ex-closure. This 

might be resulted due to the enhancement of vegetation biomass with ex-closure duration. 

The pearson correlation analysis also showed a positive significant association (P=0.50) 

between carbon stocks and ex-closures duration. Therefore, this can be used as empirical 

evidence that ex-closure and ex-closure duration enhance above and below ground 

carbon stock and in turn mitigate local climate change 

Table 23. Summarized results of one way ANOVA for correlation between different 

carbon stocks and ex-closure duration 

Ex-closure    Carbon stock 

Duration AGB AGC BGB BGC C(HG) SOC 

R 0.50 0.50 0.50 0.50 -0.322 0.762 

P 0.000 0.000 0.000 0.000 0.020 0.000 

AGB &BGB= above &below ground biomass, AGC& BGC = above & below ground carbon, C(HG)= 

carbon in herbs and grasses, SOC= Soil organic carbon stock, R= pearson correlation, p= significant level 

4.3.2.2. Herb, grass and organic soil carbon stock 

Carbon stock in herb and grass were significantly varied in the land use types (p=0.000). 

The mean carbon stock of this pool was considerably higher in ex-closures than open 

grazing lands. The highest herb and grass mean carbon stock was observed in 10 years 

ex-closure as compared to open grazing lands and 24 years ex-closure (Table 24). The 

old ex-closure exhibited less herb and grass carbon stock than young ex-closure with a 
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significant negative correlation (p=-0.322) of ex-closure duration (Table 23). The reason 

for this negative correlation may be due to increase in aboveground tree biomass which 

surpasses the growth of herb and grass.  Eventually, it causes to have less biomass and 

carbon stock of the pool in old ex-closure.   

Conversely, a significant variation (p=0.000) of soil carbon stock stored in a soil was 

observed in the land types. Higher soil carbon stock in ex-closures might have resulted 

from the enhancement of organic matter than open grazing lands. After the conversion of 

degraded grazing lands to ex-closures, soil carbon stock was increased by 41% and 

88.3% in young and old ex-closure, respectively.  

The old ex-closure exhibited higher soil carbon stock than the young ex-closure (Table 

24). A significance positive correlation (p=0.762) between soil carbon stock and ex-

closure duration were also observed, reflecting that ex-closure duration increase the 

amount of carbon store in the soil (Table 23).  

Similar with this result, other study reported by Wolde Mekuria et al. (2009) revealed that 

ex-closures and duration enhance the amount of carbon store in the soil.  The removal of 

aboveground biomass by grazing leads less litter input to the soil. The change in species 

composition due to grazing may have an indirect impact in the soil characteristics 

because plant species play a significant role in decomposition and nutrient cycling.  
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Table 24. Organic soil and herb and grass carbon stock in the land use types (ton/ha) 

(mean±SE) 

Variables Ex-closure Duration               Land use type 

  (year) Ex-closures Open grazing lands 

SOC 
10 52.33(±0.75) 42.19(±1.81) 

24 70.35(±4.58) 45.55(±0.00) 

Herb and Grass 
10 1.14(±0.10) 0.13(± 0.03) 

24 1.08(± 0.06) 0.14(± 0.08) 

SE= standard error, SOC= soil organic carbon 

4.3.3. Total carbon stock and CO2 sequestration potential of ex-closures 

Total carbon stocks and carbon dioxide equivalence recorded were much higher in ex-

closures than open grazing lands. Young ex-closure exhibited higher carbon stock and 

CO2 sequestration (57.84, 212.27 ton/ha, respectively), than open grazing lands (43.42, 

159.35 ton/ha, respectively). Similarly, carbon stock and CO2 sequestration in old ex-

closure were higher (82.43, 302.51 ton/ha, respectively), than open grazing land (47.44, 

174.1 ton/ha, respectively) (Table 26). Nearly twice of young ex-closure carbon stock 

and CO2 sequestration potential were also observed in old ex-closure. It reflects the 

duration influence the carbon stock potential of ex-closure because carbon stocks depend 

on biomass and ex-closures duration able to enhance total biomass.   
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Table 25. Carbon pools with total biomass, carbon stock and CO2 equ. of the land use 

types in 2018 (t ha
-1

).    

Land 

use 

type 

Carbon 

pools  

TAGB TBGB TAGC TBGC TC HGC SOC TCp 
CO2 

equ 

Young  

Ex-

closure 

Trees 7.74   1.55   3.64   0.73  4.37 

    HG 

     

1.14 

   Soil 

      

52.33 

  Total  7.74 1.55   3.64  0.73  4.37  1.14 52.33  57.84  212.27 

 open  

grazing 

land 

Trees  1.96  0.39  0.92  0.18  1.1         

HG 

     

0.13 

   Soil 

      

42.19 

  Total 1.96   0.39  0.92  0.18  1.1  0.13 42.19 43.42  159.35 

Old 

Ex-

closure 

Trees  19.50  3.90  9.17  1.83  11         

HG 

     

1.08 

   Soil 

      

70.35 

  Total  19.50  3.90  9.17  1.83  11  1.08 70.35 82.43  302.51 

 open 

grazing 

land 

Trees  3.10  0.62  1.46  0.29  1.75         

HG 

     

0.14 

   Soil 

      

45.55 

  Total  3.10  0.62  1.46  0.29  1.75  0.14 45.55  47.44  174.1 
TAGB and TAGB=total above & below ground biomass, TAGC and TBGC= total above & belowground 

carbon, TC= total carbon, HGC=herb and grass carbon, SOC=soil organic carbon, TCp= total carbon in the 

pool, CO
2
 equ.=CO

2
 equivalence 

 

Generally, due to the impact of ex-closures, a total of 14.42 and 34.99 ton/ ha net carbon 

stock and 52.9 and 128.4 ton/ha
 
CO2 storage in young and old ex-closure, respectively 

were recorded. This is an indication for the significant role of ex-closures for CO2 storage 

and in turn to ameliorate local climate. And it seems that the ex-closures need to be 

certified for temporary emission reduction. Thus, the net CO2 storage could be the tCER 

of the practice by considering CO2 stored in open grazing land as a baseline CO2. 
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5. Conclusion and Recommendations 

5.1. Conclusion  

Generally, the study generated empirical evidences about the role of ex-closure for 

enhancing vegetation diversity, improving physical and chemical properties of the soil 

and augmentation of carbon stock on degrade land. The practice of area ex-closure on 

degraded land seems to be a promising option for biodiversity conservation and 

restoration of degraded land as can be observed from the status of vegetation 

composition, diversity and richness, and density as well as the increment of the majority 

of soil nutrients in ex-closures. The floristic composition, density and diversity of woody 

species as well as the structural composition under ex-closures are considerably improved 

and associated benefits such as soil properties improvement and carbon storage had also 

enhanced. Therefore, properly and sustainably protected and managed ex-closure 

improves diversity and associated ecosystem services.    

Plant species such as Dodonaea angustifolia, Euclea divinorum, Carissa spinarum L., 

and some other acacia species found to be very important in restoration of degraded lands 

in this study as can be observed from their density, frequency and IVI.  

The improvement of soil nutrients and physical properties of the soil under ex-closures 

can be an indication that, if it is managed properly, ex-closures can reverse the land back 

to the productive level and support the local people. It considerably improve the physical 

properties of the soil such as bulk density, soil moisture content, total porosity and soil 

texture and which consequently minimizes soil erosion in the area. Besides, it upgrade 

the capacity of the soil to supply major plant nutrients and reliable to sustain plant 
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growth. More importantly, the ex-closures improve soil organic matter content, total 

nitrogen, exchangeable bases and cation exchange capacity of the soil. As a result, it 

promotes land productivity, resilience and sustainability of the ecosystem. Thus, this is an 

indication that the massive degrade land in the highlands of Ethiopia can be cheaply 

rehabilitated if the degraded agents are properly managed.   

In addition to the diversity and soil properties improvements, ex-closures is serving as an 

important carbon store and take parts in mitigating climate change. The four carbon pool 

targeted in this study such as aboveground, below ground, herb and grass and organic soil 

carbon stocks have showed a considerable improvement as compared to open grazing 

lands. The duration of ex-closure also influence the total carbon stock, where increased 

with an increase duration ex-closure in ton per hectare of carbon. Thus, by taking the 

carbon stored in open grazing land as a baseline carbon, the increased total carbon stock 

due ex-closures should be certified and credited.    

5.2. Recommendations  

The promising improvement in composition, diversity and density of vegetation observed 

due to the practice would be continual if there is a combination of policies and 

technologies that support the management with the close involvement of local people. 

Thus, the bylaws that ensure the existence of ex-closure should be strengthen to sustain 

the practice and harvest the benefit.  

Plant species which are suitable, multipurpose and drought tolerant with colonizing 

abilities such as, Dodonaea angustifolia, Euclea divinorum, Carissa spinarum and Acacia 

species  etc., should be selected to promote vegetation recovery in degraded land, their 
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strategies be investigated, and then propagated so that they can be used in any similar 

environments for rehabilitation purposes. 

Area ex-closures are sequestrating indispensable carbon dioxide and sequentially mitigate 

climate change. Therefore, since this sequestration is as the expense of the local people’s 

woody biomass need, the government should facilitate them to get benefit from the 

international carbon trade. 

Further investigation should be required to compressively to gain an advanced 

understanding of the roles played by ex-closures using this study as a baseline situation in 

the study area. 

Finally, this research should be used as empirical evidence about the overall role of ex-

closure for scientific community and policy maker. It also gives understanding about the 

worthiness of ex-closure for the stakeholders to expand the practice in other degrade 

lands.  
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Appendices  

 

Appendix 1. List of woody species, their density (individual/ha) and frequency (%) 

Species (Botanical Name) Young ex-closure  Open grazing land one Old ex-closure  Open grazing land two 

  
SP Den. Freq. (%) SP Dens. Freq. (%) SP Dens. 

Freq. 

(%) 
 SP Dens. 

Freq. 

(%) 

Acacia abyssinica Hochst. 7 15.15 21.21 5 2.78 27.78 6 29.69 37.5  2 10 20 

Acacia decurrens Willd. 11 67.42 33.33 
- - - 

11 
110.9

4 
68.75  

1 2.5 10 

Acacia melanoxylon R. Br. 1 0.76 3.03 - - - 3 15.63 18.75  - - - 

Acacia saligna (Labill.)  13 130.30 39.39 
- - - 

12 
123.4

4 
75  

- - - 

Acacia seyal Del. 17 42.42 51.52 5 9.72 27.78 1 18.75 6.25  3 10 30 

Aloe genus (Aloe spp.)  1 0.76 3.03 - - - - - -  - - - 

Arundo donax L. 1 0.76 3.03 - - - - - -  - - - 

Bersama abyssinica Fresen. 3 2.27 9.09 - - - 5 18.75 31.25  - - - 

Borassus aethiopum Mart. 1 0.76 3.03 - - - 2 12.50 12.5  - - - 

Caesalpinia decapetala (Roth) 

Alston  
1 0.76 3.03 

- - - - - -  - - - 

Calpurnia aurea (Ait.) Benth. 1 0.76 3.03 - - - 2 12.50 12.5  - - - 

Capparis decidua 1 0.76 3.03 - - - - - -  - - - 

Carissa spinarum L. 22 170.45 66.67 5 
108.3

3 
27.78 15 

223.4

4 
93.75  

4 92.5 40 

Clausena anisata (Willd.) Benth. 2 3.03 6.06 - - - 1 4.69 6.25  - - - 

Clutia abyssinica Jaub. & Spach. 1 0.76 3.03 - - - - - -  - - - 

Combretum molle R. Br. ex G. Don. 5 17.42 15.15 - - - - - -  - - - 

 Croton macrostachyus Del. 5 9.09 15.15 1 12.50 5.56 6 25.00 37.5  4 27.5 40 

Cupressus lusitanica Mill. 3 6.82 9.09 - - - 1 10.94 6.25  - - 

 
Dodonaea angustifolia L. f. 29 210.61 87.88 7 

138.8

9 
38.89 14 

178.1

3 
87.5  

3 22.5 30 

Dovyalis abyssinica (A. Rich.) 

Warb. 
1 0.76 3.03 

- - - - - -  - - - 

Erica arborea L. 9 52.27 27.27 5 11.11 27.78 1 4.69 6.25  - - - 

SP= number of sampling point the species occurred, dens.= density (Individual/ha), Freq.= frequency (%),“-“ absent in the sampling plot 
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Appendix 1. Continued  

Species (Botanical Name) 
Young ex-closure   

Open grazing land 

one Old ex-closure  

Open grazing land 

two 

  
 
           

SP Dens. 
Freq. 

(%) 

 

 
SP Dens. 

Freq. 

(%) 
SP Dens. 

Freq. 

(%) 
 SP Dens. 

Freq. 

(%) 

Eucalyptus camaldulensis Dehnh. 6 18.94 18.18 2 8.33 11.11 6 67.19 37.5 3 15 30 

Eucalyptus globulus Labill. 4 6.82 12.12 - - - 5 25.00 31.25 - - - 

Euclea divinorum Hiern 25 186.36 75.76 10 84.72 55.56 4 37.50 25 - - - 

Euphorbia abyssinica Gmel. 1 0.76 3.03 - - - - - - - - - 

Ficus sycomorus L. 1 0.76 3.03 - - - 3 14.06 18.75 1 2.5 10 

Ficus vasta Forssk 1 0.76 3.03 2 4.17 11.11  0.00 

 
1 2.5 10 

Flacourtia indica (Burm.f.) Merr. 7 9.09 21.21 2 2.78 11.11 1 6.25 6.25 - - - 

Grevillea robusta R. Br.  5 9.85 15.15 - - - - - - - - - 
Grewia ferruginea Hochst. ex A. 

Rich. 
5 3.79 15.15 

- - - 
2 7.81 12.5 

- - - 
Heteromorpha arborescens 

(Spreng.)  
9 32.58 27.27 

- - - 
7 67.19 43.75 

- - - 

Hypericum quartinianum A. Rich. 3 5.30 9.09 - - - 1 4.69 6.25 - - - 

Hypericum revolutum Vahl  6 9.85 18.18 - - - 1 4.69 6.25 - - - 
Jasminum abyssinicum Hochets. 

Ex DC. 
4 4.55 12.12 

- - - 
12 48.44 75 

- - - 

Juniperus procera Hochst. ex Endl. 18 49.24 54.55 - - - - - - 2 7.5 20 
Justicia schimperiana (Hochst. ex 

Nees) T. Anders. 
4 5.30 12.12 

- - - 
3 20.31 18.75 

- - - 

Lippia adoensis Hochst. ex Walp. 2 1.52 6.06 - - - - - - - - - 

SP= number of sampling point the species occurred, dens.= density (Individual/ha), Freq.= frequency (%), “-“ absent in the sampling plot 
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Appendix 1. Continued 

Species (Botanical Name) 
Young ex-closure  Open grazing land one Old ex-closure 

Open grazing land 

two 

  

 

 
SP    Dens. 

Freq. 

(%) 
SP  Dens. 

Freq. 

(%) 
SP  Dens. 

Freq. 

(%) 
SP Dens. 

Freq. 

(%) 

Maesa lanceolata Forssk. 11 19.70 33.33 - - - 6 26.56 37.5 4 10 40 

Maytenus heterophylla (Eckl. & Zeyh.)   16 24.24 48.48 6 9.72 33.33 1 42.19 6.25 1 5 10 

Maytenus serrata (A. Rich.) Wilczek  22 31.82 66.67 4 5.56 22.22 2 20.31 12.5 - - - 

Maytenus undata (Thunb.) Blakelock  1 0.76 3.03 - - - - - - - - - 

Myrsine africana L.  22 109.09 66.67 5 6.94 27.78 6 50.00 37.5 - - - 

Olea europaea L. 18 28.79 54.55 - - - 9 82.81 56.25 - - - 

Olinia rochetiana A. Juss. 14 62.12 42.42 1 5.56 5.56 3 17.19 18.75 1 2.5 10 

Osyris quadripartita Decn. 14 21.21 42.42 5 6.94 27.78 3 6.25 18.75 1 5 10 

Phytolacca dodecandra L’Her. 2 1.52 6.06 - - - - - - - - - 

Pittosporum abyssinicum Del. 17 36.36 51.52 4 5.56 22.22 5 20.31 31.25 - - - 

Pittosporum viridiflorum Sims. 4 4.55 12.12 - - - - - - - - - 

Podocarpus falcatus (Thunb.) Mirb. 1 0.76 3.03 - - - - - - - - - 

Premna schimperi Engl. 15 16.67 45.45 1 2.78 5.56 6 21.88 37.5 - - - 

Protea gaguedi J.F. Gmel. 1 2.27 3.03 - - - - - - - - - 

Prunus africana (Hook.f.) Kalkm. 3 8.33 9.09 - - - - - - - - - 

Psydrax schimperiana (A. Rich) Bridson  1 0.76 3.03 - - - - - - - - - 

Rhamnus prinoides L’Herit. 7 5.30 21.21 - - - 7 12.50 43.75 - - - 

Rhamnus staddo A. Rich. 3 3.03 9.09 - - - 3 7.81 18.75 - - - 

Rhus glutinosa A. Rich. 4 5.30 12.12 - - - 1 1.56 6.25 - - - 

Rosa abyssinica Lindley. 2 1.52 6.06 - - - 8 17.19 50 - - - 

SP= number of sampling point the species occurred, dens.= density (Individual/ha), Freq.= frequency (%)“-“ absent in the sampling plot 
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Appendix 1 continued 

SP= number of sampling point the species occurred, dens.= density (Individual/ha), Freq.= frequency (%), “-“ absent in the sampling plot 

 

 

 

Species (Botanical Name) Young ex-closure  Open grazing land one Old ex-closure Open grazing land two 

  
SP Dens Freq. (%) SP Dens. 

Freq. 

(%) 
SP Dens. 

Freq. 

(%) 
SP Dens. 

Freq. 

(%) 

Rubus genus (Rubus spp.)  8 7.58 24.24 - - - - - - - - - 

Scolopia theifolia Gilg.  2 1.52 6.06 - - - - - - - - - 

Senna septemtrionalis (Viv.) 

Irwin & Barneby  
4 4.55 12.12 

- - - 
1 6.25 6.25 

- - - 

Sesbania sesban (L.) Merr. 1 1.52 3.03 - - - - - - - - - 

Syzygium guineense (Wild.) DC. 7 40.15 21.21 - - - 7 62.50 43.75 5 50 50 

Vangueria apiculata K. Schum. 1 0.76 3.03 - - - 4 12.50 25 - - - 

Vernonia amygdalina Del. 1 1.52 3.03 - - - - - - - - - 

Vernonia schimperi DC. 1 0.76 3.03 - - - - - - - - - 

vernonia auriculifera Hiern. - - - 2 6.94 11.11 - - - - - - 

Vernonia amygdalina Del. - - - - - - 2 14.06 12.5 - - - 

Commelina africana L. - - - - - - 2 7.81 12.5 - - - 

Cyanotis barbata D.Don - - - - - - 1 6.25 6.25 - - - 

Phoenix reclinata Jacq. - - - - - - 1 1.56 6.25 - - - 

Vangueria apiculata K. Schum. - - - - - - - - - 1 2.5 10 

vernonia auriculifera Hiern. - - - - - - - - - 1 2.5 10 
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Appendix 2. Species number per family in the land use types 

Family Species number per family     Family Species number per family 

  

Young 

ex-

closure 

Open 

grazing land 

one 

Old ex-

closure 

Open  

grazing 

land 

two Total     

Young 

ex-

closure 

Open 

grazing 

land one 

Old ex-

closure 

Open  

grazing 

land 

two Total 

Fabaceae 9 2 8 3 9 

 

Guttiferae 2 0 1 0 2 

Aloaceae 1 0 0 0 1 

 

Oleaceae 2 0 0 0 2 

Poaceae 1 0 0 0 1 

 

Acanthaceae 1 0 0 0 1 

Melianthaceae 1 0 1 0 1 

 

Verbenaceae 1 0 1 0 1 

Arecaceae 2 0 1 0 2 

 

Myrsinaceae 2 1 1 1 3 

Capparidaceae 1 0 0 0 1 

 

Celastraceae 3 2 2 1 3 

Apocynaceae 1 1 1 1 1 

 

Oleaceae 2 0 1 0 2 

Rutaceae 1 0 1 0 1 

 

Oliniaceae 1 1 1 1 1 

Euphorbiaceae 3 1 1 1 3 

 

Santalaceae 1 1 1 1 2 

Combretaceae 1 0 0 0 1 

 

Phytolaccaceae 1 0 0 0 1 

Cupressaceae 2 0 2 1 2 

 

Podocarpaceae 1 0 0 0 1 

Sapindaceae 1 1 1 1 1 

 

Lamiaceae 0 1 1 0 2 

Flacourtiaceae 3 1 1 0 3 

 

Proteaceae 1 0 0 0 1 

Ericaceae 1 1 1 0 1 

 

Rosaceae 3 0 1 0 3 

Myrtaceae 3 1 3 2 3 

 

Rubiaceae 2 0 2 1 2 

Ebenaceae 1 1 1 0 1 

 

Rhamnaceae 2 0 2 0 2 

Moraceae 2 1 1 2 2 

 

Anacardiaceae 1 0 0 0 1 

Proteaceae 1 0 0 0 1 

 

Pittosporaceae 2 1 2 0 2 

Tiliaceae 1 0 1 0 1 

 

Asteraceae 2 1 3 1 3 

Apiaceae 1 0 1 0 2 

 

Commelinaceae 0 0 2 0 1 

  

 

      

 

   Total 67 18 46 17 74 
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Appendix 3.  Woody species in the land use types, their relative density, relative frequency, Relative dominance and IVI 
 

 

 

 

 

Species (Botanical 

Name) Young ex-closure   Open grazing land one   Old ex-closure   Open grazing land two 

  
RD RF RDO IVI   RD RF  RDO IVI   RD RF 

 

RDO 
IVI   RD RF 

 

RDO 
IVI 

Acacia abyssinica Hochst. 1 1.59 6.032 8.62 
 

0.6 6.94 5.49 13.1 
 

1.94 2.94 7.209 12.09 
 

6.35 5.88 21.57 33.8 

Acacia decurrens Willd. 4.43 2.51 17.28 24.22 
 

- - - - 

 

7.25 5.39 37.85 50.49 
 

1.59 2.94 9.01 13.54 

Acacia melanoxylon R. Br. 0.05 0.23 0.029 0.31 
 

- - - - 

 

1.02 1.47 3.317 5.81 
 

- - - - 

Acacia saligna (Labill.)  8.56 2.96 13.6 25.12 
 

- - - - 

 

8.07 5.88 5.271 19.22 
 

- - - - 

Acacia seyal Del. 2.79 3.87 7.751 14.41 
 

2.2 6.94 2.916 12.1 
 

1.23 0.49 1.395 3.11 
 

6.35 8.82 7.01 22.18 

Aloe genus (Aloe spp.)  0.05 0.23 0.273 0.55 
 

- - - - 

 

- - - - 

 

- - - - 

Arundo donax L. 0.05 0.23 0.029 0.31 
 

- - - - 

 

- - - - 

 

- - - - 

Bersama abyssinica Fresen. 0.15 0.68 0.059 0.89 
 

- - - - 

 

1.23 2.45 0.599 4.28 
 

- - - - 

Borassus aethiopum Mart. 0.05 0.23 0.001 0.28 
 

- - - - 

 

0.82 0.98 0.162 1.96 
 

- - - - 

Caesalpinia decapetala (Roth)   0.05 0.23 0.003 0.28 
 

- - - - 

 

- - - - 

 

- - - - 

Calpurnia aurea (Ait.) Benth. 0.05 0.23 0.001 0.28 
 

- - - - 

 

0.82 0.98 0.022 1.82 
 

- - - - 

Capparis decidua 0.05 0.23 0.068 0.35 
 

- - - - 

 

- - - - 

 

- - - - 

Carissa spinarum L. 11.2 5.01 3.025 19.24 
 

25 6.94 10.98 42.9 
 

14.6 7.35 0.998 22.96 
 

58.73 11.76 1.64 72.13 

Clausena anisata (Willd.)   0.2 0.46 0.104 0.76 
 

- - - - 

 

0.31 0.49 0.096 0.89 
 

    Clutia abyssinica Jaub. 0.05 0.23 0.003 0.28 
 

- - - - 

 

- - - - 

 

- - - - 

Combretum molle R. Br. ex G.   1.14 1.14 3.395 5.68 
 

- - - - 

 

- - - - 

 

- - - - 

Croton macrostachyus Del. 0.6 1.14 1.824 3.56 
 

2.9 1.39 1.772 6.05 
 

1.63 2.94 0.655 5.23 
 

17.46 11.76 11.03 40.26 

Cupressus lusitanica Mill. 0.45 0.68 0.655 1.79 
 

- - - - 

 

0.72 0.49 1.794 3 
 

- - - - 

Dodonaea angustifolia L. f. 13.8 6.61 3.635 24.08 
 

32 9.72 9.795 51.6 
 

11.6 6.86 3.956 22.46 
 

14.29 8.82 1.4 24.51 

Dovyalis abyssinica (A. Rich.)   0.05 0.23 0.021 0.3 
 

- - - - 

 

- - - - 

 

- - - - 

Erica arborea  L. 3.43 2.05 1.274 6.76   2.6 6.94 0.725 10.2   0.31 0.49 0.027 0.82   - - - - 
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Appendix 3. Continued 
 

Species (Botanical Name) Young Ex-closure   Open grazing land one   Old ex-closure   Open grazing land two 

  
RD RF  RDO IVI   RD RF RDO IVI   RD RF 

 

RDO 
IVI   RD RF RDO IVI 

Eucalyptus camaldulensis 

Dehnh. 
1.24 1.37 7.0659 9.68 

 
1.9 2.78 38.33 43.03 

 
4.39 2.94 4.659 11.99 

 9.52 8.82 23.74 42.09 

Eucalyptus globulus Labill. 0.45 0.91 3.734 5.09 
 

- - - - 
 

1.63 2.45 2.496 6.58 
 

- - - - 

Euclea divinorum Hiern 12.2 5.69 5.85 23.79 
 

20 13.9 9.066 42.51 
 

2.45 1.96 0.253 4.67 
 

- - - - 

Euphorbia abyssinica Gmel. 0.05 0.23 0.754 1.03 
 

- - - - 
 

- - - - 
 

- - - - 

Ficus sycomorus L. 0.05 0.23 0.003 0.28 
 

- - - - 
 

0.92 1.47 0.048 2.44 
 

1.59 2.94 1.03 5.56 

Ficus vasta Forssk 0.05 0.23 0.027 0.3 
 

1 2.78 14.32 18.06 
 

- - - - 
 

1.59 2.94 4.28 8.81 

Flacourtia indica (Burm.f.)   0.6 1.59 0.395 2.59 
 

0.6 2.78 0.254 3.67 
 

0.41 0.49 0.303 1.2 
 

- - - - 

Grevillea robusta R. Br.  0.65 1.14 0.951 2.74 
 

- - - - 
 

- - - - 
 

- - - - 
Grewia ferruginea Hochst. ex 

A. Rich. 
0.25 1.14 0.157 1.54 

 - - - - 
 

0.51 0.98 0.302 1.79 
 - - - - 

Heteromorpha arborescens 

(Spreng.)  
2.14 2.05 0.61 4.8 

 - - - - 
 

4.39 3.43 0.281 8.1 
 - - - - 

Hypericum quartinianum A. 

Rich. 
0.35 0.68 0.109 1.14 

 - - - - 
 

- - - - 
 

- - - - 

Hypericum revolutum Vahl  0.65 1.37 0.181 2.19 
 

- - - - 
 

0.31 0.49 0.027 0.82 
 

- - - - 
Jasminum abyssinicum 

Hochets. Ex   
0.3 0.91 0.082 1.29 

 - - - - 
 

0.31 0.49 0.077 0.87 
 - - - - 

Juniperus procera Hochst. ex 

Endl. 
3.24 4.1 5.722 13.06 

 - - - - 
 

3.17 5.88 11.12 20.17 
 4.76 5.88 12.64 23.28 

Justicia schimperiana (Hochst. 

ex Nees) T. Anders. 
0.35 0.91 0.11 1.37 

 - - - - 
 

- - - - 
 

- - - - 

Lippia adoensis Hochst. ex 0.1 0.46 0.003 0.56   - - - -   1.33 1.47 0.025 2.82   - - - - 
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Appendix 3. Continued 
 

Species (Botanical 

Name) Young Ex-closure   Open grazing land one   Old ex-closure   Open grazing land two 

  RD RF RDO IVI   RD RF RDO IVI   RD RF RDO IVI   RD RF RDO IVI 

Maesa lanceolata Forssk. 1.29 2.51 1.181 4.98 
 

- - - - 
 

1.74 2.94 1.621 6.3 
 

6.35 11.76 0.78 18.89 
Maytenus heterophylla 

(Eckl) 
1.59 3.64 0.451 5.69 

 
2.2 8.33 0.402 10.98 

 
2.76 0.49 0.12 3.37 

 3.17 2.94 0.72 6.84 

Maytenus serrata (A. Rich.)   2.09 5.01 0.464 7.57 
 

1.3 5.56 0.572 7.41 
 

1.33 0.98 0.12 2.43 
 

- - - - 

Maytenus undata (Thunb.)   0.05 0.23 0.003 0.28 
 

- - - - 
 

- - - - 
 

- - - - 

Myrsine africana L.  7.17 5.01 1.186 13.37 
 

1.6 6.94 0.534 9.08 
 

3.27 2.94 0.205 6.41 
 

- - - - 

Olea europaea L. 1.89 4.1 1.163 7.15 
 

- - - - 
 

5.41 4.41 3.318 13.14 
 

- - - - 

Olinia rochetiana A. Juss. 4.08 3.19 1.899 9.17 
 

1.3 1.39 0.769 3.44 
 

1.12 1.47 0.105 2.7 
 

1.59 2.94 1.56 6.09 

Osyris quadripartita Decn. 1.39 3.19 0.854 5.44 
 

1.6 6.94 1.463 10.01 
 

0.41 1.47 0.029 1.91 
 

3.17 2.94 0.66 6.78 
Phytolacca dodecandra 

L’Her. 
0.1 0.46 0.03 0.59 

 - - - - 
 

- - - - 
 

- - - - 

Pittosporum abyssinicum   2.39 3.87 1.491 7.75 
 

1.3 5.56 1.003 7.84 
 

1.33 2.45 1.668 5.45 
 

- - - - 
Pittosporum viridiflorum 

Sims. 
0.3 0.91 0.128 1.34 

 - - - - 
 

- - - - 
 

- - - - 
Podocarpus falcatus 

(Thunb.) Mirb. 
0.05 0.23 2.278 2.56 

 - - - - 
 

- - - - 
 

- - - - 

Premna schimperi Engl. 1.1 3.42 0.109 4.62 
 

0.6 1.39 0.097 2.13 
 

1.43 2.94 0.109 4.48 
 

- - - - 

Protea gaguedi J.F. Gmel. 0.15 0.23 0.292 0.67 
 

- - - - 
 

- - - - 
 

- - - - 
Prunus africana (Hook.f.) 

Kalkm. 
0.55 0.68 0.112 1.34 

 - - - - 
 

- - - - 
 

- - - - 
Psydrax schimperiana (A. 

Rich) Bridson  
0.05 0.23 0.005 0.28 

 - - - - 
 

- - - - 
 

- - - - 

Rhamnus prinoides L’Herit. 0.35 1.59 0.01 1.95 
 

- - - - 
 

0.82 3.43 0.006 4.25 
 

- - - - 

Rhamnus staddo A. Rich. 0.2 0.68 0.026 0.91 
 

- - - - 
 

0.51 1.47 0.003 1.98 
 

- - - - 

Rhus glutinosa A. Rich. 0.35 0.91 0.127 1.39 
 

- - - - 
 

0.1 0.49 0.008 0.6 
 

- - - - 

Rosa abyssinica Lindley. 0.1 0.46 0.004 0.56   - - - -   1.12 3.92 0.004 5.05   - - - - 
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Appendix 3. Continued 
 

Species (Botanical Name) Young Ex-closure   Open grazing land one   Old ex-closure   Open grazing land two 

  
RD RF  RDO IVI   RD RF RDO IVI   RD RF 

 

RDO 
IVI   RD RF 

 

RDO 
IVI 

Rubus genus (Rubus spp.)  0.5 1.82 0.087 2.41 
 

- - - - 
 

- - - - 
 

- - - - 

Scolopia theifolia Gilg.  0.1 0.46 0.02 0.58 
 

- - - - 
 

- - - - 
 

- - - - 
Senna septemtrionalis (Viv.) 

Irwin & Barneby  
0.3 0.91 0.03 1.24 

 - - - - 
 

0.41 0.49 0.043 0.94 
 - - - - 

Sesbania sesban (L.) Merr. 0.1 0.23 0.049 0.38 
 

- - - - 
 

- - - - 
 

- - - - 
Syzygium guineense (Wild.) 

DC. 
2.64 1.59 1.932 6.16 

 - - - - 
 

4.09 3.43 3.527 11.04 
 31.75 14.71 3.38 49.83 

Vangueria apiculata K. 

Schum. 
0.05 0.23 0.007 0.28 

 - - - - 
 

0.82 1.96 0.054 2.83 
 1.59 2.94 0.05 4.58 

Vernonia amygdalina Del. 0.1 0.23 0.035 0.36 
 

- - - - 
 

0.92 0.98 0.009 1.91 
 

- - - - 

Vernonia schimperi DC. 0.05 0.23 0.003 0.28 
 

- - - - 
 

- - - - 
 

- - - - 

vernonia auriculifera Hiern. - - - - 
 

1.6 2.78 0.127 4.51 
 

- - - - 
 

- - - - 

Commelina africana L. - - - - 
 

- - - - 
 

0.51 0.98 0.024 1.52 
 

- - - - 

Cyanotis barbata D.Don - - - - 
 

- - - - 
 

0.41 0.49 0.015 0.91 
 

- - - - 

Phoenix reclinata Jacq. - - - - 
 

- - - - 
 

0.1 0.49 0.01 0.6 
 

- - - - 

vernonia auriculifera Hiern. - - - -   - - - -   - - - -   1.59 2.94 0.05 4.58 
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Appendix 4.  LSD for the impact of management and age on diversity and richness of 

woody species 

*. The mean difference is significant at the 0.01 level.  

Appendix 5.   LSD result of total Exchangeable bases and CEC (cmol(+)Kg-1)  

Variables (I) Study Site (J) Study Site 
Mean Difference 

(I-J) 
    P 

K
+
  

10yrs ex-closure 
  Grazing land one 0.104 0.337 

  24yrs ex-closure -0.316
*
 0.003 

24yrs ex-closure Grazing land two 0.401
*
 0.012 

Ca
+2

  
10yrs ex-closure 

Grazing land one 4.915
*
 0.030 

24yrs ex-closure 2.875 0.061 

24yrs ex-closure Grazing land two 4.600
*
 0.048 

Na
+
  

10yrs ex-closure 
Grazing land one 0.1 0.119 

24yrs ex-closure 0.016 0.013 

24yrs ex-closure Grazing land two 0.147 0.061 

Mg
+2

 
10yrs ex-closure 

Grazing land one 0.327 0.48 

 24yrs ex-closure 0.591 0.183 

24yrs ex-closure   Grazing land two 0.243 0.715 

CEC 
10yrs ex-closure 

Grazing land one 8.314
*
 0.000 

24yrs ex-closure 5.861
*
 0.006 

24yrs ex-closure Grazing land two 7.182
*
 0.008 

 

*. The mean difference is significant at α=0.05. 

  

Dependent 

variable  

(I) Study site (J) Study Site 

Mean 

Difference 

(I-J) 

p 

Species 

Diversity 

10 years ex-closure 
Open grazing land one 1.236

*
 0.000 

24 years ex-closure -0.12 0.526 

24 years ex-closure Open grazing land two 1.190
*
 0.000 

Species 

Richness 

10 years ex-closure 
Open grazing land one 9.268

*
 0.000 

24 years ex-closure 0.337 0.828 

24 years ex-closure Open grazing land two 9.475
*
 0.000 
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Appendix 6. ANOVA Table of Soil chemical properties 

 

 Sum of 

Squares 

df Mean Square F Sig. 

EC 

Between Groups .005 3 .002 7.291 .000 

Within Groups .010 41 .000   

Total .015 44    

Na 

Between Groups .177 3 .059 2.702 .057 

Within Groups .959 44 .022   

Total 1.136 47    

K 

Between Groups .855 3 .285 4.542 .008 

Within Groups 2.572 41 .063   

Total 3.427 44    

Ca 

Between Groups 289.338 3 96.446 7.082 .001 

Within Groups 558.354 41 13.618   

Total 847.691 44    

Mg 

Between Groups 3.937 3 1.312 1.130 .348 

Within Groups 47.591 41 1.161   

Total 51.528 44    

CEC 

Between Groups 1146.017 3 382.006 15.164 .000 

Within Groups 1108.446 44 25.192   

Total 2254.463 47    

OC 

Between Groups 3.076 3 1.025 15.397 .000 

Within Groups 2.730 41 .067   

Total 5.807 44    

OM 

Between Groups 9.140 3 3.047 15.486 .000 

Within Groups 8.067 41 .197   

Total 17.207 44    

TN 

Between Groups .435 3 .145 8.058 .000 

Within Groups .738 41 .018   

Total 1.174 44    

AvP 

Between Groups .914 3 .305 .581 .631 

Within Groups 21.503 41 .524   

Total 22.417 44    
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Appendix 7. ANOVA Table of Soil Physical Properties 

 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

pH 

Between 

Groups 

3.137 3 1.046 4.249 .011 

Within Groups 10.090 41 .246   

Total 13.227 44    

BD 

Between 

Groups 

1.166 3 .389 43.101 .000 

Within Groups .370 41 .009   

Total 1.536 44    

MC 

Between 

Groups 

375.023 3 125.008 13.485 .000 

Within Groups 380.080 41 9.270   

Total 755.102 44    

Porosity 

Between 

Groups 

2004.494 3 668.165 60.372 .000 

Within Groups 453.762 41 11.067   

Total 2458.256 44    
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Appendix 8. Pearson correlation matrix for soil Parameters and ex-closure duration   

Ag= duration of ex-closure, EC electric conductivity, Na
+
 K

+,
 Ca

+2
 and 

 
Mg

+2
= exchangeable sodium, potassium. Calcium and 

magnesium, CEC= cation exchange capacity, OC= organic carbon, OM= organic matter, AvP, available phosphorous, MC= moisture 

content, BD= bulk density, PO= porosity 

  Ag pH EC Na
+
 K

+
 Ca

+2
 Mg

+2
 CEC OC OM TN AvP MC BD PO 

Ag 1.00
*
 

              
pH -.280

n
 1.00

*
 

             
EC -.143

n
 -.007

n
 1.00

*
 

            
Na

+
 -.044

n
 .272

n
 .583

**
 1.00

*
 

           
K

+
 .572

**
 -.018

n
 .438

**
 .718

**
 1.00

*
 

          
Ca

+2
 -.290

n
 .325

n
 .218

n
 .407

*
 .150

n
 1.00

*
 

         
Mg

+2
 -.230

n
 .211n .341

*
 .478

**
 .298

n
 .785

**
 1.00

*
 

        
CEC -.421

*
 .338n .446

**
 .631

**
 .270

n
 .800

**
 .833

**
 1.00

*
 

       
OC .679

**
 -.351

*
 -.063

n
 -.149

n
 .231

n
 -.375

*
 -.371

*
 -.514

**
 1.00

*
 

      
OM .681

**
 -.349

*
 -.063

n
 -.148

n
 .234

n
 -.375

*
 -.369

*
 -.514

**
 1.000

**
 1.00

*
 

     
TN .546

**
 -.028

n
 .049

n
 .128n .431

*
 -.223

n
 -.162

n
 -.115

n
 .182

n
 .183

n
 1.00

*
 

    
AvP -.136

n
 .061

n
 .599

**
 .741

**
 .586

**
 .124

n
 .455

**
 .500

**
 -.263

n
 -.262

n
 .095

n
 1.00

*
 

   
MC .263

n
 .055

n
 .435

*
 .435

*
 .399

*
 .162

n
 .191

n
 .268

n
 .069

n
 .068

n
 .168

n
 .326

n
 1.00

*
 

  
BD -.242

n
 -.046

n
 -.295

n
 -.201

n
 -.328

n
 -.049

n
 -.153

n
 -.167

n
 -.156

n
 -.156

n
 -.088

n
 -.156

n
 -.603

**
 1.00

*
 

 
PO 

.222
n
 .009

n
 .287

n
 .167

n
 .295

n
 .075

n
 .174

n
 .155

n
 .138

n
 .138

n
 .008

n
 .140

n
 .594

**
 -.958

**
 1.00 

**. Correlation is significant at the 0.01 level  *. Correlation is significant at the 0.05 level, n= no significant 


