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Abstract 

Woody Species Composition, Structure, Diversity, Regeneration and Carbon Stock in Wei-

ramba Forest, Habru District, Northern Ethiopia 

    Zelalem Teshager      

Addis Ababa University, 2017 

Climate change, caused by global warming, is the most pressing environmental problem of the 

world today and it is a phenomenon partly resulting from abundance of carbon dioxide in the 

atmosphere. The problem of increasing atmospheric carbon dioxide can be addressed in a num-

ber of ways. One of such actions is forestry development and forest management undertakings 

that can contribute to mitigation.This study was conducted in Weiramba Forest, with the objec-

tives of estimating of the carbon stock and its variation along the environmental gradients, de-

termining the composition, structure, regeneration status and diversity of the vegetation found in 

the area. A systematic sampling method was used to conduct the vegetation sampling. In order to 

collect vegetation data a total of 40 quadrats, each with the size of 10 m x 20 m at an interval of 

100 m, were laid along the established transects at 200 m apart. For the assessment of seedling 

and sapling, two sub-quadrats each with the size of 2 m x 5 m were established at opposite sides 

of the main quadrat. For litter and soil sample collection, five sub-quadrats each with the size of 

1 m x 1 m were established at four corners and center of every quadrat. Plant Species Diversity 

analysis was carried out by using Shannon Weiner index and Carbon stock was estimated by us-

ing allometric equations.The magnitude of the species diversity and carbon stock relationship 

was analysed by using Pearson’s correlation. Results revealed that the total mean carbon stock 

density of Weiramba Forest was 323.85 t/ha, of which 152.33 t/ha, 41.13 t/ha, 1.3 t/ha, 63.39 

t/ha, 65.72 t/ha was contained in the above ground biomass, below ground biomass, litter bio-

mass, soil (0-20 cm depth) and (21-40 cm depth), respectively. Altitudinal gradient, slope and 

aspect were the three environmental factors that affect the different carbon pools of the forest. A 

total of 32 species representing 28 genera and 20 families were recorded in the forest. The 

Shannon Weiner diversity index and evenness were resulted to be 2.30 and 0.66, respectively. 

The plant species diversity and carbon stock relationship was small or weak positive. The popu-

lation structure revealed in diameter and height class frequency distribution was to be Bell- 

shape with very high decrease towards the lower and higher diameter and height classes. The 

total basal area of the forest was 32.10 m2/ha. The population structure of woody plants and the 

regeneration status in the forest revealed that there is a need for conservation priority for spe-

cies with poor regeneration status. From the point of view of managing forests for climate 

change mitigation and biodiversity conservation, the result suggested that the forest should be 

conserved and protected in a sustainable way for further carbon sinks and biodiversity conserva-

tion. 

Key words: Wiramba Forest, Environmental variables, Carbon stock, Diversity, Forest structure
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1.  INTRODUCTION 

1.1 Background and Justification  

The recent weather abnormalities experienced in the country and around the world are indica-

tions of a changing climate. The definition of climate change is “a change in the state of cli-

mate that persists for an extended period, typically decades or longer” (IPCC, 2007b). Cli-

mate change is recognised as a major threat to achieve poverty reduction aspirations of many 

African countries. Climate change is affecting rainfall patterns, water availability, sea levels, 

droughts, increasingly impacting on human health, agriculture productivity and biodiversity 

(IPCC, 2007a). 

Climate change, caused by global warming, is a phenomenon partly resulting from the abun-

dance of greenhouse gases (GHGs) in the atmosphere. Global greenhouse gases (GHGs) 

emissions due to human activities are the causes of change in climate and have grown since 

pre-industrial times, with an increase of 70% between 1970 and 2004 (IPCC, 2007a). The 

major greenhouse gases playing an important role on earth’s climate system and addressed in 

United Nation Framework Convention on Climate Change (UNFCCC) includes: water-vapor, 

Carbon dioxide (CO2), Methane (CH4), Nitrous oxide (N2O), Hydro-fluorocarbons (HFCs), 

Perfluorocarbons (PFCs) and Sulphur hexafluoride (SF6) (IPCC, 2001). Like a greenhouse 

window, greenhouse gases allow sunlight to enter and then prevent heat from leaving the at-

mosphere.

Human activities, especially the burning of fossil fuels, like coal, oil and natural gas, are am-

plifying the natural greenhouse effect by increasing the concentrations of many of these gas-

es, especially atmospheric CO2 from about 280 to more than 380 parts per million (ppm) over 

the last 250 years, and this in turn is causing measurable global warming (IPCC, 2007a). 

GHGs, especially carbon dioxide which is the most abundant, traps surface heat in the atmos-

phere and prevents it from being released in space. This causes the increase in global temper-

ature. According to North East State Foresters Association (NESFA) (2002), global mean 

temperature will increase by 1ºC by the year 2025 and 3ºC by the year 2100. Temperature 

across Africa continent is predicted to rise by 2 - 6°C over the next 100 years and rainfall va-

riability is predicted to increase, resulting in frequent flooding and drought (Hulme et al., 

2001). According to IPCC report on Regional Climate projections of 2007, by 2050 the aver-
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age temperatures in Africa are predicted to increase by 1.5 - 3°C, and the warming of Africa 

continent is very likely to be larger than the global average.

The increasing of global temperature causes the melting of ice, glaciers and rising of sea le-

vels and leads to a significant change in the world’s climatic pattern (IPCC, 2007; Lasco et 

al., 2006). Global warming also causes ocean acidification, change in flowering and fruiting 

phenology of plants, shift in movement of fish and animals and has out broken new cata-

strophic diseases that spread very fast worldwide (Pragasan, 2015).  

Climate change adaptation and mitigation are essential mechanisms to save the life of the 

vulnerable communities particularly on the Africa continent (Dessalegn and Akalu, 2015). 

The Intergovernmental Panel on Climate Change (IPCC), in its Third Assessment Report 

(AR3) in 2001, alerted the World to the unavoidable impacts of climate change in the near 

term and raised the need to cope with climate change impacts through adaptation. In particu-

larly, it pointed out that developing countries like Ethiopia would be more vulnerable and 

need assistance to adapt. Adaptation refers to adjustments in natural or human systems in re-

sponse to observed or expected changes in climate stimuli, or their effects in order to alleviate 

adverse impacts or take advantage of opportunities (Adger et al., 2005; IPCC, 2001; McCar-

thy et al., 2001). The term mitigation refers to all activities aimed at reducing green house 

gases emissions and / or removal of CO2 from the atmosphere with the aim of stabilizing CO2

concentration (UN, 2007).  

The 1997 Kyoto Protocol, the first major international agreement on climate change, ex-

plained that forest carbon sequestration as one of the key approaches to reduce atmospheric 

carbon concentrations (Broadmeadow and Robert, 2003). Carbon sequestration is defined as 

the process by which CO2 is either removed from the atmosphere or diverted from emission 

sources and stored in the ocean, terrestrial environments (vegetation, soils, and sediments), 

and geologic formations (UNFCCC, 1997; Sundquist et al., 2008 ). It is a technique for long-

term storage of CO2 or other forms of carbon to mitigate global warming, whereas carbon 

sink is a natural or artificial reservoir that accumulates and stores some carbon-containing 

chemical compound for an indefinite period.

In the light of climate change, the carbon storage in terrestrial ecosystems is of great interest 

(IPCC, 2000a). Terrestrial ecosystems have presumably taken up a large part of anthropogen-

ic carbon dioxide emissions in the past (Sundquist et al., 2008). Human activities partly con-
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trol the amount of emissions released into the atmosphere on the one hand and on the other 

hand, they can, for example through land management, influence the quantity of emissions 

that is taken up. This uptake occurs both in the vegetation and the soil and is influenced by a 

variety of factors (IPCC 2007a).

Forests are, vital for life on earth, ecologically important in influencing climate and maintain-

ing global balances of carbon and atmospheric pollutants. They play a relevant role as a natu-

ral process in global carbon cycle by capturing carbon from the atmosphere through photo-

synthesis, converting that photosynthetic to forest biomass, and emitting carbon back into the 

atmosphere during respiration and decomposition. Forests can be both sources and sinks of 

carbon, depending upon the specific management regime and activities (IPCC, 2000).

Forest sequesters and stores more carbon than any terrestrial ecosystem i.e. they store more 

than 80% of all terrestrial  above ground carbon and more than 70% of all soil organic carbon 

(Jandl et al., 2006; Perschel et al., 2007; Sundquist et al., 2008 ). As indicated by Yitebitu 

Moges et al., 2010, Ethiopian forests contain about 272 million metric tons of carbon, which 

is almost 83% global annual carbon emission (333) Mega tone of carbon per year. Forest 

management activities can enhance the mitigation potential of forests that can be achieved 

through reforestation, forest restoration and changes to forest management practices (Munishi 

et al., 2011). 

According to Bunker et al. (2005), the up taking of emissions by the forest depends on the 

ecological characteristics, species diversity and regeneration status of species. The carbon 

storage value of a forest is essentially dependent on the trees within it photo-synthesising and 

storing carbon. Different plant species are more efficient at sequestering and storing carbon 

from the atmosphere. In general, large, slow growing trees with high wood densities tend to 

store the most carbon in the long term. Natural regeneration is essential for preservation and 

maintenance of biodiversity of the forest. Changes in regeneration may directly, and indirect-

ly, affects the biodiversity, and this inturn affects likelihood of tree survival and thus carbon 

storage. High levels of biodiversity can provide ‘biological insurance’ against losses from 

disturbances, making the ecosystem more resilient and likely to recover, and allowing it to 

continue storing carbon in the long term (Bunker et al., 2005).  

Biodiversity of different ecosystems of the globe is not evenly distributed (Barthlott, 1998). 

Some regions of the world like that of tropics are relatively richer in biodiversity as compared 
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to other places. Tropical dry forests form the largest component, more than 40 percent, of all 

tropical forests (Murphy and Lugo, 1986). In Africa, similarly dry forests account for 70-80% 

of the forested area. However, most of those countries of the tropics that are endowed with 

such huge biodiversity have poor economies, which is the major challenge to conserve their 

biodiversity.  

Ethiopia is one of the top 25 richest countries of the world in terms of biodiversity (WCMC, 

1994). Badege Bishaw (2001) also stated that Ethiopia is one of the few countries in Africa 

where virtually all major types of natural diversified vegetations are represented, ranging 

from thorny bushes, and tropical forests to mountain grasslands due to its wide variation in 

climate, topography and soils. The flora of Ethiopia is very heterogeneous and has rich en-

demic taxa. The Ethiopian highlands contribute to more than 50 percent of the land area with 

afromontane vegetation (Yalden, 1983; Tamrat Bekele, 1994), of which dry forests form the 

largest part. 

1.2 Statement of the Problem and Significance of the Study 

Human activities, especially the digging up and burning of coal, oil, and natural gas for ener-

gy, are disrupting the natural carbon cycle, results climate change, by releasing large amounts 

of “fossil” carbon over a relatively short time period. Climate change affects biodiversity, 

food security, water availability, and productivity levels in Africa (Hope, 2009). Though 

African countries are the lowest source of GHG emissions from inhabited continents (due to 

low levels of industrial development), it is the most vulnerable to the effects of climate 

change (Beg et al., 2011, Huq et al., 2004 and Bewket, 2012) because of their reliance on 

agriculture as well as their weak financial, technical, and institutional capacity to adapt 

(Nordhaus, 2006; Rose, 2015; Signgh and Purohit, 2014; Huq et al., 2004). 

Although Forests have crucial ecosystem service in soil and biodiversity conservation and 

mitigation of climate change, they are under heavy pressure: they are cleared for fire wood, 

expansion of cash crops and new settlements and apparently are shrinking overtime. Defore-

station, forest degradation, forest fire and burning of fossil fuel are playing a significant role 

in producing the green house gases (IPCC, 2000). Ethiopian People particularly in the rural 

areas of the country are highly dependent on forest resources to fulfill their basic needs such 

as fuel wood for cooking, heating, foliage for livestock, and timber for shelter and non timber 

products for medicine. Environmental degradation and deforestation have been taking place 
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for many years in the country. Especially during the last century, Ethiopia’s forest and wood-

lands have been declining both in size (due to deforestation) and quality (due to degradation) 

(EFAP, 1994). The clear felling accelerates loss of seedlings and saplings as well as disturbs 

the natural condition of the natural forests and hence the ecosystem (Haque et al. 1988). 

Currently, the importance of forest ecosystems are consideration in the context of climate 

change mitigation because they can act as the sinks of CO2 (Lyngbaek et al., 2001). Carbon 

stock evaluation in forest helps for managing the forests sustainably from the economic and 

environmental points of view for the welfare of human society beside their aesthetic, spiri-

tual, and recreational value. If forests are to be used in carbon sequestration schemes such as 

the CDM/REDD, it is a better option in developing countries for the dual objective of reduc-

ing greenhouse gas emissions and contributing to sustainable forest development and man-

agement (Roshetko et al., 2002).  

Detailed biodiversity, Woody Species composition, structure and ecological studies are desir-

able to draw the attention of policy makers to understand the ecosystem services of this bio-

diversity assemblage and undertake appropriate conservation measures. A 2009 report by the 

CBD stating that “within a given biome, diverse forests are more biologically productive and 

provide larger and more reliable carbon stocks, especially in old-age stable forest systems. 

Hence, protecting and restoring biodiversity serves to maintain resilience in forests, in time 

and space, and their ongoing capacity to reliably sequester and store carbon” (Thompson et 

al., 2009). Study on carbon stock estimation offers to stake holders, including government 

who lack baseline information, a simple and cost-effective way forward for implementing 

and fulfilling its commitment to reduce the country’s greenhouse gas emissions from defore-

station and will help protect ecologically viable areas of forest because it would indicate 

which areas should be conserved and which might be suitable for development. 

Depending on management objectives, it is important to maintain the process of forest re-

newal by appropriate natural and artificial regeneration. Having information of regeneration 

status also enable to identify the rear species on which it is possible to continue the expansion 

of seedling plantations and allows for biodiversity conservation. Knowledge about the pattern 

of natural regeneration is important to answer the basic question of forest management (Hos-

sain et al., 1999). 
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Ethiopia lacks well organized and efficient carbon inventories and databank to monitor and 

enhance carbon sequestration potential of remnant forests. Only small efforts have been made 

so far to assess the biomass and soil carbon sequestration potential at small scale level (CCB-

AR-PDD, 2009; cited in Mesfin Sahile, 2011). Similarly, only few activities about carbon 

sequestration potential have been published (Alefu et al., 2009) and this makes the country 

fail to develop sustainable forest management planning that attracts climate finances. 

 No study has been conducted in Weiramba forest that aimed at carbon sequestration poten-

tial, composition, structure, diversity and regeneration status of this forest. Therefore, this 

study was taken up to estimate the carbon stocks capacity by quantifying the major potential 

carbon pools and to assess the woody species composition, vegetation structure, plant species 

diversity and regeneration status of Weiramba Forest. 

1.3 Objectives of the Study   

1.3.1 General Objective 

The general objective of this study was to study woody species composition, vegetation struc-

ture, diversity, regeneration and estimate carbon stock of Weiramba Forest to enhance the 

management of the forest as carbon sinks and biodiversity conservation.

1.3.2 Specific Objectives 

To assess woody species composition and vegetation structure of the forest, 

To investigate species diversity of the vegetation, 

To assess the regeneration status of woody plant species,  

To estimate carbon sequestered in above and below ground biomass, in litter and 

soils, 

To determine the above and below ground, litter and soil carbon stock variations 

along slope, altitudinal gradients and under different aspects, 
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2. LITERATURE REVIEW 

2.1 Vegetation of Ethiopia 

Vegetation formation is influenced by a combination of many factors, such as climate, geolo-

gy, edaphic factors  and  biotic  factors,  including  interference  by  humans  in  ecological  

succession. Vegetation is dynamic, that is, constantly changing. Reasons for the changes can 

be ecological or evolutionary  processes,  climatic  change,  human  land  use,  and  interac-

tion  between  factors (Skarpe, 1991).

Ethiopia has a wide range of habitats that makes it the center of biodiversity and this is main-

ly attributed to the various bio-physical factors overwhelming throughout the country (IBCR, 

2001). For example, the enormous variations in elevation have caused the diversity of the flo-

ra under wide spectra. Ethiopia has the fifth largest flora in Africa (Anonymous, 1997a, b). 

The flora is very heterogeneous and has a rich endemic element owing to the diversity in cli-

mate, vegetation and terrain. It is estimated to contain between 6,500–7000 species of higher 

plants, of which about 12% are endemic (Tewolde Berhan Gebere Egziabher, 1991). Endem-

ism is particularly high in the high mountains and in the Ogaden area, southeastern. This en-

demism is common in the drylands; particularly around the Ogaden and Borana lowlands 

(Stuart et al., 1990). 

Attempts to identify or classify ecosystems of Ethiopia have been very limited or nonexistent 

thus far. Vegetation types (Anonymous, 1992; Sebsebe Demissew et al. 1996; EPA, 1997; 

Friis and Sebsebe Demisssew, 2001) in the country are being considered as ecosystems. The 

new classification of ecosystems in Ethiopia is as follows:  

Afroalpine and Sub-Afroalpine, Dry Evergreen Montane Forest and Grassland Complex, 

Moist Evergreen Montane Forest, Acacia-Commiphora Woodland, Combretum-Terminalia 

Woodland, Lowland Semi-evergreen Forest, Desert and Semi- Desert Scrubland, and Inland 

Waters. From these vegetation types, the present study area is more related to dry evergreen 

montane forest of the country. 
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2.1.1 Dry Evergreen Montane Forest of Ethiopia  

The Ethiopian highlands are the largest mountain complex in Africa and comprise over 50% 

of the African land area covered by Afromontane vegetation, of which dry afromontane fo-

rests form the largest part (Tamrat Bekele, 1993; Demel Teketay, 1996). Dry Evergreen Mon-

tane Forest is a very complex vegetation type occurring roughly above 1500 m and below 

3200 m in altitude, with average annual temperature and rainfall of 14-25 °C and 700-1100 

mm, respectively (Friis, 1992; Zerihun Woldu, 1999). It is inhabited by the majority of the 

Ethiopian population and represents a zone of sedentary cereal-based mixed agriculture for 

centuries. This type of forest develops in areas of relatively high humidity, but not much rain, 

and where there is a prolonged dry season. The forests have diminished due to human interfe-

rence and replaced by grasslands in flatter areas with deep soil and by bush lands on steeper 

slopes with thin soil. Soils have become shallow as a result of soil erosion that has been tak-

ing place for centuries (Ensermu Kelbessa et al., 1992; Zerihun Woldu, 1999). In such type 

of forests, the canopy is usually dominated by Podocarpus falcatus, Juniperus procera, Cro-

ton macrostachyus, and Olea europaea subsp. cuspidata, true lianas, epiphytes including  

Peperomia, ferns  and  orchids  are common. The ground  cover  is  rich  in  ferns,  grasses,  

sedges  and  small  herbeouceous cotyledons. At  the  upper  limits  Erica  arborea, Hagenia  

abyssinica,  Hypericum  revolutum, Myrsine africana, Myrsine melanophloeos, Rosa  abys-

sinica,  and Nuxia  congesta and clumps of Arundenaria alpine are also common  (Friis, 

1992).

The prominent features of tropical dry forests are their seasonality with respect to rainfall 

compared with the rain forests where the environment is stable throughout the year. Dry 

evergreen montane forests experience long dry seasons (4-8 months) and the rainy period is 

somewhat unreliable. During the dry season, not only moisture stress but also temperature 

increases and daytime humidity drops and watercourses either dry up or greatly diminish in-

flow (Demel Teketay, 1996). Degradation in this zone is very high and even severe in the  

northeastern Ethiopia where, forests have virtually disappeared, as a result most of the moun-

tains sides are bare, valleys have been gullied,  and  springs  and  streams, which  used  to  

have water  the whole  year  round  are  now mainly dry in the dry season (Abate Ayalew et 

al., 2006).   

The characteristic plant species in this vegetation type include Olea europaea subsp. cuspida-

ta, Juniperus procera, Podocarpus falcatus, Ilex mitis and Erica arborea. The shrubs occur-
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ring in this vegetation type include Carissa spinarum and Dodonaea angustifolia (Zerihun 

Woldu, 1999). Some of threatened endemic plant species in dry forest are Acalyph amarissi-

ma, Maytenus addat, Pentas concinna, Rubus aethiopicus, and Sedum epidendron (Ensermu 

Kelbessa et al., 1992). 

2.2 Abundance, Frequency and important value index  

Abundance is the number of plant per unit area. Measurement of plant abundance requires the 

counting of individual plants by species in a given area. It can be used to show spatial distri-

bution and ranges over time. Frequency is defined as the proportion of sample quadrats in 

which individuals of a species are recorded. It indicates how the species are dispersed and is 

an ecological meaningful parameter. Frequency measures reveal the uniformity of the distri-

bution of the species in the study area, which again tells about the habitat preference of the 

species (Silvertown and Doust, 1993 cited in Abeje Eshete et al., 2005). In other words, it 

gives an approximate indication of the homogeneity of the stand under consideration (Kent 

and Coker, 1992). 

The important value index (IVI) permits a comparison of species in a given forest type and

depict the sociological structure of a population in its totality in the community. It often re-

flects the extent of the dominance, occurrence and abundance of a given species in relation to 

other associated species in an area (Kent and Coker, 1992; Simon Shibru and Girma Balcha, 

2004). It is also important to compare the ecological significance of a given species. There-

fore, for setting priority, it is a good index for summarizing vegetation characteristics and 

ranking species for management and conservation practices where species with lower IVI 

need high conservation efforts, those with higher IVI need monitoring management. 

2.3 Species diversity, species richness, evenness 

The description of plant communities involves the analysis of plant diversity, evenness and 

similarity (Whittaker, 1975). Diversity and equitability of species in a given plan community 

are used to interpret the relative variation between and within the community and help to ex-

plain the under lying reason for such a difference. The two main factors taken into account 

when measuring diversity are richness and evenness. 

Richness is a measure of the number of different species in a given site and can be expressed 

in a mathematical index to compare diversity between sites (Zerihun Woldu, 1985). Species
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richness refers to the total number of species in a sample or community, whereas evenness is 

the relative abundance of species within the sample or community making up the richness of 

an area (Kent and Cooker, 1992; Krebs, 1999). Species richness index is of great importance 

in assessing taxonomic and ecological values of habitats.  

Diversity is thus measured by recording the number of species and their relative abundance.

Species diversity has been identified as one of the key indices of sustainable land use practic-

es and considerable resources are expended to identify and implement strategies that will re-

verse the current decline in biodiversity at local, regional and international scales (Schackel-

ton, 2000). Understanding the variation in plant diversity patterns of different scales is an im-

portant topic and crucial for both ecological explanations and for effective conservation de-

sign (Devris et al., 1997). Thus, patterns of plant species diversity have often been noted for 

prioritizing conservation activities since they reflect the underlying ecological processes that 

are important for management (Lovett et al., 2000). 

Diversity indices measure the degree of uncertainty that is if the diversity is high in a given 

habitat, the certainty of observing a particular species is low. They are simple mathematical 

expressions that summarize a lot of data recorded in one or sets of figures. In vegetation

ecology, various diversity indices have been computed for the measurements of diversity 

among which the Shannon-Wiener, which naturally varies between 1.5 and 3.5 and rarely 

exceeds 4.5 and Simpson diversity indices are the most commonly used ones (Magurran, 

1988; Kent and Coker, 1992). 

Species diversity could be viewed from different approaches in terms of alpha, beta and 

gamma diversity (Rosenzweig, 1995). Alpha diversity (α) refers to the diversity of species 

within a particular habitat or community. Beta diversity (ß) is a measure of the rate and extent 

of change in species along a gradient from one habitat to another. It is between habitat diver-

sity that measures turnover rates. Beta diversity is sometimes called habitat diversity (Kent 

and Cooker, 1992). Gamma diversity (γ) on the other hand is the diversity of species in com-

parable habitats along geographical gradients and is independent of the two (Kent and Cook-

er, 1992; Buley, 2001).

2.4 Regeneration and Recruitment Ecology of Forests  

Regeneration refers to the natural process by which plants replace or re-establish themselves,

usually from an abundant production of seeds (Mlcolm, 1999; cited in Lekoyiet, 2006). Ac-



11

cording to Riedel and Zacher (1987; cited in Desta Hamito, 2001), the concept of regenera-

tion includes: reforestation, harvesting of old timbers, seeding depleted range and reintroduc-

tion of wild species. Seedlings represent the final stage in the process of regeneration from 

seeds. Recruitment is a transition from juvenile stage to the seeds or seedlings and then to

vegetative plant parts. It is a multiphase process involving several sequential life history stag-

es (i.e seeds, seedlings and saplings) connected by transitional processes (i.e dispersal, emer-

gence and survival) (Silvertown, 1982). The availability of seeds and the lack of suitable mi-

crosite for seedling recruitments are increasingly identified as major constraints governing 

species diversity (Holzel, 2005).

Seedlings are more vulnerable to environmental hazards and biotic factors especially at the 

early stages of seedling establishment. Recruitment from seeds is a susceptible stage in the 

life cycle of plant species. Potential causes of seedling mortality include abiotic stresses such 

as shade and drought and biotic influences such as herbivores, trampling, disease or root 

competition (Demel Teketay, 1996). A tree species with no seedling and sapling in a forest is 

under risky condition and it is suggested that these species are under threat of local extinc-

tion. Hence, for a successful regeneration and establishment of seedlings, a sufficient volume 

of viable seeds, appropriate climatic and edaphic conditions are indispensible (Taye Bekele et 

al., 2002). To reduce the impact of humans on the natural priority species, information on 

seedling ecology and population structure of these plants has to be obtained. 

Over all, studies on tree seedling density, their rate of mortality and damage help in the un-

derstanding the status of species and natural regeneration (Hubbel et al., 1999). Also, studies 

on natural regeneration and seedling ecology can provide options to forest development 

through improvement in recruitment, establishment and growth of the desired seedlings.  

2.5 Greenhouse Gasses and Climate Change  

The Sun powers Earth’s climate, radiating energy at very short wavelengths, predominately 

in the visible or near-visible (e.g., ultraviolet) part of the spectrum. According to IPCC 

(2006), roughly one-third of the solar energy that reaches the top of Earth’s atmosphere is 

reflected directly back to space. The remaining two-third is absorbed by the surface and, to a 

lesser extent, by the atmosphere. To balance the absorbed incoming energy, the Earth must, 

on average, radiate the same amount of energy back to space. Because the Earth is much 

colder than the Sun, it radiates at much longer wavelengths, primarily in the infrared part of 
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the spectrum (see Figure 1). Much of this thermal radiation emitted by the land and ocean is 

absorbed by the atmosphere, including clouds, and reradiated back to Earth. This is called the 

greenhouse effect.

Without the natural greenhouse effect, the average temperature at Earth’s surface would be 

below the freezing point of water. Thus, Earth’s natural greenhouse effect makes life as we 

know it possible. However, in pursuit of satisfying modern development and changing life-

styles, human activities have greatly intensified the natural greenhouse effect by accelerating 

accumulation of GHG in the atmosphere (Lasco et al., 2011). 

The greenhouse effect comes from molecules that are more complex and much less common. 

Water vapour is the most important greenhouse gas, and carbon dioxide (CO2) is the second-

most important one. CO2 is released when forests are cut and burned to give way to commer-

cial and subsistence farming and when fossil fuels are burned to generate energy and power 

to support industries; methane and nitrous oxides are emitted from various agricultural activi-

ties and changes in land use; artificial chemicals called halocarbons (HFC, PFC and CFC) 

and other long lived gases are released by industrial processes; ozone in the atmosphere is 

generated by automobile exhaust fumes and other sources (UNFCC, 2009).These gases (Me-

thane, nitrous oxide, ozone and several other gases) present in the atmosphere in small 

amounts also contribute to the greenhouse effect.  

Higher concentration of GHG results in higher percentage of trapped heat. This phenomenon 

causes the increase in global temperature, also known as global warming, Human-induced 

GHGs emissions enhance this effect to create warming greater than that which would occur 

naturally (The Scottish Government, 2008). The IPCC (2007a) realized that most of the in-

crease in global temperatures since the  mid-20th century is very likely due to the human-

induced accumulation of GHGs in the  atmosphere (DEFRA, 2007). The average global tem-

peratures have risen by 0.740C over the past century and the rate of warming is increasing 

with 0.40C since the 1970s (DEFRA, 2007; IPCC, 2007b). Global warming in turn causes 

undefined variation and changes in temperature and rainfall and extreme climate events, bet-

ter known as climate change.  
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Figure 1: The greenhouse effect.  Source:www.epa.gov/climatechange/science:index.html 

2.6 Impacts of Climate Change in Africa 

 Temperature and precipitation across Africa continent have changed rapidly over the last 

century due to anthropogenic increases of greenhouse gases (GHGs) in the atmosphere at 

alarming rate which are caused by various anthropogenic activities (for example, burning of 

fossil fuels, like coal, petroleum and natural gasses and widespread deforestation). Africa is 

one of the most vulnerable continents due to lack of financial, technical and institutional ca-

pacity to cope with the impacts of climate change. High extent GHGs emission leads to ex-

treme temperature and flooding, loss of soil fertility, low agricultural productions (both crops 

and livestock’s), biodiversity loss, risk of water stress, and prevalence of various diseases.  

Temperatures in all African countries are projected to rise faster than the global average in-

crease during 21st century (James and Washington, 2013). It is predicted that the temperature 

in Africa continent will rise by 2 to 6°C over the next 100 years. Rainfall variability has also 

become more significant over the last century. For instance, precipitations in Eastern Africa 

show a high degree of spatial and temporal variability dominated by a variety of physical 

processes. Report by Williams and Funk (2011) described that over the last 3 decades rainfall 

has decreased over eastern Africa. The Least Developed Countries (LDCs) are dependent on 

agriculture, climate sensitive economic sectors, which makes more vulnerable to the impacts 

of climate change because of its less resilient to negative external events and low capacity to 

adapt than other developing countries (Bruckner, 2012). Africa continent is one of the most 

vulnerable continents due to its high exposure and low adaptive capacity. The vulnerability of 
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Africa continent is only due to low level of economic development that makes less and low 

capacity to adapt the impacts of climate changes (Bruckner, 2012).  

Climate change can set back development of nations. Temperatures and rainfall variability 

reduce crop productivity in low income and agriculture-based economies. For the majority of 

Sahelian countries (that is, Senegal, Mauritania, the Gambia, Guinea Bissau, Mali, Burkina 

Faso, Niger, Chad, Sudan and Eritrea) which depend mainly on subsistence and small-scale 

farming, climate change, such as increasing temperature and declining rainfall, pose consi-

derable risks to their livelihoods (Hummel, 2015). In terms of economic, the Sub-Saharan 

Africa will lose a total of US$26 million by 2060 due to climate change (Desalegn and Aka-

lu, 2015).  

The increasing occurrence of flooding and drought is also another predicted problem for 

Africa. Africa’s pastoralist areas (Ethiopia, Kenya and Somalia border) have been severely 

hit by  recurrent droughts; livestock losses have plunged approximately 11 million people 

dependent on livestock for their livelihoods into a crisis and triggered mass migration of  pas-

toralists out of drought-affected areas (CIGI, 2009). People who are poor and marginalized 

usually have the least buffer to face even modest climate hazardous and suffer most from 

successive events with little time for recovery (Olsson et al., 2014). 

Even though African countries are working on adaptation and mitigation options to minimize 

the adverse effects, climate change is expected to cause large damage to their economy. Thus, 

climate change adaptation and mitigation options require greater attention to ensure future 

food security and well-being of African peoples. 

2.7 Impacts of Climate Change in Ethiopia  

Climate change is happening on a global scale, but the ecological, socio-economical impacts 

are often local and vary from place to place. Ethiopia is seriously threatened by climate 

change since the country is dependent on natural resources and rain-fed agriculture, and is 

least able to cope with the shocks of climate change-induced frequent drought, flooding, ris-

ing average temperatures, soil erosion and other natural disasters (World Bank, 2009). 

Temperature: For the past four decades, the average annual temperature in Ethiopia has been 

increasing by 0.37ºC every ten years, which is slightly lower than the average global tem-

perature rising. The majority of the temperature rise was observed during the second half of 
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the 1990s (EEA, 2008). Temperature rise is more pronounced in the dry and hot spots of the 

country, which are located in the northern, northeastern, and eastern parts of the country.  

The lowland areas are the most affected, as these areas are largely dry and exposed to flood-

ing during extreme precipitation in the highlands. Past and present changes help to indicate 

possible future changes. Future temperature projections of the IPCC mid-range scenario show 

that the mean annual temperature will increase in the range of 0.9 to 1.1ºC by 2030, in the 

range of 1.7 to 2.1ºC by 2050, and in the range of 2.7 to 3.4ºC by 2080 in Ethiopia compared 

to the 1961 to 1990 normal (EEA, 2008), posing a sustained threat to the economy and eco-

system. 

Rainfall: The country has experienced both dry and wet periods over the past four decades. 

However, precipitation has shown a general decreasing trend since the 1990s. The decrease in 

precipitation has multiple effects on agricultural production and water availability for irriga-

tion and other farming uses, especially in the north, northeastern, and eastern lowlands of the 

country. According to EEA (2008), the IPCC forecast on the level of precipitation shows a 

long-term increase in rainfall in Ethiopia despite the short and medium term observation of 

frequent dry periods with extreme rainfall levels. The average change in rainfall is projected 

to be in the range of 1.4 to 4.5 percent, 3.1 to 8.4 percent, and 5.1 to 13.8 percent over 20, 30, 

and 50 years, respectively, compared to the 1961 to 1990 normal (EEA, 2008). 

Extreme climatic events: Extreme climatic and weather conditions have become increasingly 

common and costly in Ethiopia in the last few decades. The geographic coverage, intensity, 

and frequency of drought increased recently. Desertification in the lowlands of Ethiopia is 

also expanding due to the country’s location in the Sahara desert influence area. Over-

flooding due to periodic and unprecedented over-precipitation in the Ethiopian highlands is 

damaging the human as well as physical capital of the lowlanders. The socio-economic and 

stability impacts of unprecedented flooding will continue in the future. High temperature and 

extreme rainfall tend to affect economic activity, biodiversity and the ecosystem unless effec-

tively mitigated and adapted (Asaminew, 2013). Ethiopian farmers are generally poor and 

they do not have the technology, finances, material, and knowledge to adapt to the changing 

climate. 
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2.8 Measurement Methods of Biomass and Carbon stock 

Forests can reduce climate change and its consequence by storing carbon in different biomass 

section of them including aboveground biomass, belowground biomass, forest understory and 

soil. Biomass is defined as the total amount of live organic matter and inert organic matter 

above -ground and below-ground expressed in tons of dry matter per unit area (FAO, 1997).

Carbon is stored in trees (stem, branches, leaves and root), understory, forest litter and soils.  

Below is a representation of relative percentage proportion of carbon stocks in each pool (Ze-

rihun et al., 2012).  

1. Aboveground biomass (15-30%); 

2. Belowground biomass (4-8%); 

3. Woody necro-mass (1%); 

4. Organic litter (0.4%) and 

5. Soil (60-80%). 

2.8.1 Aboveground Biomass and Carbon Measurement  

AGB pool consists of tree biomass-above stump height-including stem, bark, branches, and 

needles, twigs (stihl et al., 2004). The common tools for the determination of the biomass of 

trees are allometric equations. Allometric equations relate easily measurable variables, e. g. 

tree diameter or height, with the aboveground biomass of the entire tree (Ter-Mikaelian and 

Korzukhin, 1997; Zapata-Cuartas et al., 2012). They are generated from a small sample of 

trees by taking measurements, determining the total tree biomass and then calculating a re-

gression of the measured values on the biomass (Kuyah et al., 2012a, Sterba and Nachtmann, 

2009). This equation can in the following be used to estimate the biomass at forest or land-

scape scale in a non-destructive way (Kuyah et al., 2012a). As 50 % of the dry weight of 

wooden plant is commonly assumed to be carbon, the multiplication of the biomass with 0.5 

gives the carbon amount (IPCC, 1996).  

There are four different sources of uncertainty associated with AGB estimates of tropical fo-

rests: inaccurate measurements of variables, including instrument and calibration errors, 

wrong allometric models, sampling uncertainty (related to the size of the study sample area 

and the sampling design) and poor representativeness of the sampling network (Kanamaru et 
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al., 2010). All this lead to inaccurate result and thus should be taken into account from the 

beginning.  

 The exact estimation of the aboveground biomass is necessary in many respects. First, the 

biomass determination allows the quantification of the carbon storage and can indicate the 

carbon sequestration potential as well as the CO2 emissions to the atmosphere through de-

forestation (Chave et al., 2004; Kuyah et al., 2012a; Zianis et al., 2005). The Kyoto Protocol 

and the United Nations Framework Convention on Climate Change (UNFCC) require coun-

tries to monitor the forest carbon stock, emissions and removals (Zianis et al., 2005). This 

includes biomass changes through forest management, forest harvesting, plantation estab-

lishment, abandonment of lands that re-grow to forests and forest conversion to other land 

uses (Brown, 2002). Second, in order to establish an optimal, sustainable forestry manage-

ment, the prediction of standing biomass via some simple measurements is crucial (Chave et 

al., 2004; Droppelmann and Berliner, 2000; Zianis et al., 2005). Third, the establishment of 

coppicing or energy crop forests due to the increasing demand for bioenergy requires the es-

timation of their current and potential biomass to determine optimal harvest time (Suchomel 

et al., 2012). Fourth and last, the practical application for various studies is given which 

might lead to further insights into topics related to carbon storage and climate change 

(Dropppelmann and Berliner, 2000). 

To accurately predict tree biomass, allometric equations have to be specifically developed 

according to species, site, environment and management. Most equations are set up for a cer-

tain tree species, few for relatively homogeneous ecosystems, which obviously derives from 

the fact that tree species differ in growth rate and tree shape (Chave et al., 2004; Kuyah et al., 

2012a). 

2.8.2 Below Ground Biomass and carbon Measurement   

Roots are an important part of the carbon balance, because they transfer large amounts of 

carbon into the soil. More than half of the carbon assimilated by the plant is eventually trans-

ported below-ground via root growth and turnover, root exudates (of organic substances) and 

litter deposition. With some trees having rooting depths of greater than 60 m, root carbon in-

puts can be substantial, although the amount declines sharply with soil depth (Cairns et al., 

1997). 
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The measurement of BGB is relatively expensive and time consuming as compared to AGB 

which is relatively simple. This is due to the wide variability in the way that roots are distri-

buted in the soil. As a result, estimation of BGB is more efficient and effective using a con-

servative ratio for shoot: root predicts root biomass based on AGB carbon. The ratio for 

shoot-root ranges from 0.18 to 0.30, with tropical forests in the lower range and the temperate 

and boreal forests in the higher range (Cairns et al., 1997). However, according to MacDick-

en (1997), for cases in which more accurate estimates of BGB are economically feasible us-

ing locally established methods is important.   

Roots make a significant contribution to SOC (Strand et al., 2008). About 50% of the carbon 

fixed in photosynthesis is transported belowground and partitioned among root growth, rhizo 

sphere respiration, and assimilation to soil organic matter (Lynch and Whipps, 1990; Nguyen, 

2003). Roots help in accumulation of SOC by their decomposition and supply carbon to soil 

through the process known as rhizo deposition (Rees et al., 2005; Weintraub et al., 2007). 

2.8.3 Dead Litter biomass and carbon measurement  

Litter is dead surface plant material that is still recognizable and is not decomposed to the 

point that identification is impossible to define and includes dead leaves, twigs, dead grasses, 

small branches (less than the minimum diameter used to define coarse woody debris-

normally 10 cm) (Watson, 2008). MacDicken (1997) also indicated that the dead litter carbon 

pool consists of all non-living biomass with greater than the limit for soil organic matter 

(SOM) i.e. 2 mm to 10 cm diameter and contains the biomass in various states of decomposi-

tion prior to complete fragmentation and decomposition where it is transformed to SOM. Lit-

ter at least occasionally accumulates on top of the soil, but litter may also include newly dead 

roots in the soil (Watson, 2008). 

In the systems with high plant diversity, litters are present with different degrees of chemical 

resistance, creating the possibility of longer residence of carbon through slower decomposi-

tion of litters from some species. Lignin in litter is highly resistant to decomposition and 

therefore, litter with high lignin content would have slower decomposition rate (Mafongoya 

et al., 1998). In contrast, litter with low lignin, phenols, and high nitrogen content would have 

faster rate of decomposition. For litter biomass and carbon estimation, litters, grasses and 

herbs are harvested, dried and weighed and the carbon content determined by chemical analy-
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sis. Carbon mass is then estimated by multiplying the measured biomass by its carbon content 

(Sharrow and Ismael, 2004). 

2.8.4 Dead wood carbon measurement 

Dead organic matter is composed of litter and dead-wood and generally divided into course 

and fine, with the breakpoint set at 10 cm diameter (Harmon and Sexton, 1996; Takahashi et 

al., 2010). Although logged dead wood, standing and lie down on the ground, is often a sig-

nificant component of forest ecosystems, often accounting for 10-20% of the aboveground 

biomass in mature forests but it tends to be ignored in many forest carbon budgets (Delaney 

et al., 1998).

According to Pearson et al. (2007), in immature forests and plantations both standing and fal-

len dead wood are likely to be insignificant in the first 30-60 years of establishment. Mostly, 

they are of particular interest in projecting carbon losses from decomposition and often used 

as an indicator of carbon losses from degradation due to logging (Palace et al., 2007) or fire 

(Barlow, 2003).

The primary method for assessing carbon stock in the dead wood pool is to sample and assess 

the wet-to-dry weight ratio, with the large pieces of dead wood measured volumetrically as 

cylinders and converted to biomass on the basis of wood density, and standing trees measured 

as live trees but adjusted for losses in branches (< 20%) and leaves (< 2-3%) (MacDicken, 

1997).

2.8.5 Soil Organic Carbon Measurement 

The soil carbon pool is composed of inorganic and organic carbon (Conant et al., 2011). The 

inorganic carbon makes up only a small fraction and mainly consists of carbonates, e. g. cal-

cium carbonate (CaCO3) or sodium carbonate (Na2CO3). It is very little involved in carbon 

exchanges between the global carbon pools (Grinand et al., 2012). Soil organic carbon occurs 

in the form of a distinct organic layer (35-45% C) on top of the mineral soil (O horizon) or 

blended with mineral matter (A or B horizons). Soil organic carbon is usually determined for 

the size fraction < 2 mm (Stihl et al., 2004). 

The mechanism of species driven carbon sequestration in soil is influenced by two major ac-

tivities, aboveground litter decomposition and belowground root activity (Lemma et al., 
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2007). Litter decomposition is one of the major sources of SOC and the quality of litter is 

very important in this regard (Mafongoya et al., 1998; Issac and Nair, 2006; Lemma et al., 

2007). SOM is influenced through land use and management activities that affect the litter 

input, for example how much harvested biomass is left as residue, and SOM output rates, like 

tillage intensity affecting microbial survival. This in turn affects the soil organic carbon of the 

area (Watson, 2008). 

 Estimation of carbon in soil pool commonly relies on laboratory analysis of field samples. 

To obtain an accurate inventory of organic carbon stocks in the soil, three variables must be 

measured: soil depth to which carbon is accounted, soil bulk density (calculated from the 

oven-dry weight of soil from a known volume of sampled material), and concentrations of 

organic carbon (Pearson et al., 2007). 

Figure 2: Graphical representation of the different forest carbon pools.

Source: (Habtamu Assaye, 2014). 

2.9 Factors Influencing Carbon Stocks in Forest Ecosystems 

Topography is one of the most important environmental gradients that affect biomass through 

its effect on stem size, stand density and spatial heterogeneity of stems (Katagiri and Tsutsu-

mi, 1975; Clark et al., 2000). Interaction between solar radiation and soil properties has sig-

nificant relationship with biomass in forest areas (Hicks et al, 1984). forest carbon stock can 

increase or decrease depending on a number of factors such as climate, vegetation type, nu-

trient availability, disturbance, and land use and management practice (Sheikh et al., 2009). 

Altitude, slope and aspect are environmental factors that affect carbon stock of forest ecosys-

tem in Ethiopia which has been widely recognized (Adugna Feyissa et al., 2013; Muluken 

Nega et al., 2014; Abel Girma et al., 2014; Belay Melese et al., 2014).     
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Altitude has a significant effect on species richness, which declines even with a 100 m in-

crease in altitude and also affects species composition (Sheikh et al., 2009). On the other 

hand, the increase in precipitation and decrease in temperature with an increase in altitude 

creates change in climate along the altitudinal gradient influencing the composition and prod-

uctivity of vegetation and consequently affect the quantity and turnover of SOM (de Castilho 

et al., 2006). Similarly, Sheikh et al. (2009) stipulated that altitude affect the SOM by con-

trolling soil water balance, soil erosion and geologic deposition process and this further af-

fects the quantity of the whole carbon stock of the forest. 

2.10 Global Carbon Cycle 

Carbon cycle is the exchange of carbon between its four main reservoirs: the atmosphere, ter-

restrial biosphere, oceans, and sediments (Luke et al., 2007). Each of these global reservoirs 

may be subdivided into smaller pools, ranging in size from individual communities or ecosys-

tems to the total of all living organisms. The actual global carbon cycle is immensely com-

plex. It includes every plant, animal and microbe, every photosynthesizing leaf and fallen 

tree, every ocean, lake, pond and puddle, every soil, sediment and carbonate rock, every 

breath of fresh air, volcanic eruption and bubble rising to the surface of a swamp, among 

much, much else. Globally, the carbon cycle plays a key role in regulating the Earth’s climate 

by controlling the concentration of CO2 in the atmosphere (Luke et al., 2007). 

Carbon is the building block of life. All living things are made of elements, the most abun-

dant of which are, oxygen, carbon, hydrogen, nitrogen, calcium, and phosphorous. Of these, 

carbon is the best at joining with other elements to form compounds necessary for life, such 

as sugars, starches, fats, and proteins. Together, all these forms of carbon account for approx-

imately half of the total dry mass of living things.

Carbon is also present in the Earth's atmosphere, soils, oceans, and crust. When viewing the 

Earth as a system, these components can be referred to as carbon pools (sometimes also 

called stocks or reservoirs) because they act as storage houses for large amounts of carbon. 

Any movement of carbon between these reservoirs is called a flux. Photosynthesis, Plant 

Respiration, Litter fall, Soil respiration, Ocean-Atmospheric exchange, Fossil fuel combus-

tion and land cover change; Geological processes are more important carbon fluxes. In any 

integrated system, fluxes connect reservoirs together to create cycles and feedbacks. An ex-

ample of such a cycle is seen in Figure 3, where carbon in the atmosphere is used in photo-
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synthesis to create new plant material. On a global basis, this processes transfers large 

amounts of carbon from one pool (the atmosphere) to another (plants). Over time, these 

plants die and decay, are harvested by humans, or are burned either for energy or in wildfires.  

All of these processes are fluxes that can cycle carbon among various pools within ecosys-

tems and eventually releases it back to the atmosphere. Thus, the carbon balance of a forest 

needs to take into account the exchange of carbon between the atmosphere and all the carbon 

pools associated with the forest (Broadmeadow and Robert, 2003). Viewing the Earth as a 

whole, individual cycles like this are linked to others involving oceans, rocks, etc. on a range 

of spatial and temporal scales to form an integrated global carbon cycle. 

2.11 Terrestrial Ecosystems carbon reservoir  

Terrestrial ecosystems contain carbon in the form of plants, animals, soils and microorgan-

isms (bacteria and fungi). Of these, plants and soils are by far the largest and, when dealing 

with the entire globe, the smaller pools are often ignored. Unlike the Earth’s crust and oceans, 

most of the carbon in terrestrial ecosystems exists in organic forms; “organic” refers to com-

pounds produced by living things, including leaves, wood, roots, dead plant material and the 

brown organic matter in soils (which is the decomposed remains of formerly living tissues) 

(USNETL, 2000; Herzog, 2001; Han et al., 2007). Terrestrial ecosystems are widely recog-

nized as a major biological sequester of CO2 (Han et al., 2007). 

Plants exchange carbon with the atmosphere relatively rapidly through photosynthesis, in 

which CO2 is absorbed and converted into new plant tissues and respiration, where some 

fraction of the previously captured CO2 is released back to the atmosphere as a product of 

metabolism (Watson et al., 2000). Forests are a critical component of the global carbon cycle, 

storing over 80% of global terrestrial aboveground carbon (Dixon et al., 1994), and so forest 

ecosystem is known to be cost-effective ways of reducing global CO2 emissions which is the 

major greenhouse gas causing climate change (Anup et al., 2013). Forests play a leading role 

in global terrestrial carbon cycle owing to their carbon pools (Ketterings et al., 2001; Cairns 

et al., 2003). IPCC report estimated that the global forestry sector represents over 50% of 

global greenhouse mitigation potential (IPCC, 2007b).  

Of the various kinds of tissues produced by plants, woody stems such as those produced by 

trees have the greatest ability to store large amounts of carbon, because wood is dense and 

trees can be large. Collectively, the Earth’s plants store approximately 560 PgC, with the 
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wood in trees being the largest fraction (Recalling that 1 Pg is is equal to a trillion kilograms 

and over two trillion pounds) (Herzog, 2001; Han et al., 2007). The terrestrial biosphere is 

estimated to sequester large amounts of carbon, about 2 billion tons (2Gts) of carbon annual-

ly. The total amount of carbon stored in soils and vegetation throughout the world is esti-

mated to be about 2000-2500 Gts (USNETL, 2000; Herzog, 2001).  

Soil carbon storage is the largest terrestrial sink (Han et al., 2007). World soils contain an 

important pool of active carbon (C) that plays a major role in the global carbon cycle (Lal, 

1995; Prentice et al., 2001). Soils store two or three times more carbon than that exists in the 

atmosphere as CO2 (Davidson et al., 2000). The total amount of carbon in the world’s soils is 

estimated to be 1500 PgC. According to the IPCC (2000), the global soil carbon stock down 

to a depth of 1 m amounts to 2,011 Gt C. Compared to this, carbon stored in the vegetation is 

only 466 Gt C. The U.S. Department of Energy (2008) found similar values of 2300 Gt C for 

the soil pool and of 550 Gt C for the plant biomass.  

The mechanisms and processes of C sequestration in soil are not completely understood and 

measuring soil carbon can be challenging (Lal et al., 1995b; Bajracharya et al., 1998), but a 

few basic assumptions can make estimating it much easier. First, the most prevalent form of 

carbon in the soil is organic carbon derived from dead plant materials and microorganisms. 

Second, as soil depth increases the abundance of organic carbon decreases. Standard soil 

measurements are typically only taken to 1 m in depth. In most cases, this captures the domi-

nant fraction of carbon in soils, although some environments have very deep soils where this 

rule does not apply. Most of the carbon in soils enters in the form of dead plant matter that is 

broken down by microorganisms during decay. The decay process also releases carbon back 

to the atmosphere because the metabolism of these microorganisms eventually breaks most of 

the organic matter all the way down to CO2.  
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velopment Mechanism (CDM), and Emission Trading (ET). CDM is the only activity in 

which developing countries, including Ethiopia can participate in collective action for emis-

sions reduction. 

2.13 Clean Development Mechanism (CDM) 

CDM is the ability of Annex-I countries to invest in climate-friendly activities in non-Annex 

I countries (or, more generally developing countries). The aim of this scheme is to encourage 

climate-friendly projects in places where it is cheaper to invest. Under its provisions, indu-

strialized countries can receive Certified Emissions Reduction credits (CERs) for reductions 

achieved from a greenhouse gas reduction project in a “host” non- Annex I country. CERs 

can be used by the industrialized country to meet its compliance requirements.  

Among the three flexibility mechanism of Kyoto Protocol clean development mechanism 

(CDM) is the one aimed at helping industrialized countries to meet their greenhouse gas re-

duction targets. Developing countries could view CDM as an opportunity not only to attract 

investment capital and Environmentally Sustainable Technologies but also to implement in-

novative technical, institutional and financial interventions to promote energy efficiency, re-

newable energy and forestry activities that contribute to sustainable development (Sathaye 

et.al, 2006). Project specially designed and implement in developing countries under CDM, 

leading to carbon emission reduction or sequestration will receive payment from institutions 

and agencies in Annex B (Annex I countries with commitment to reduce GHG emissions) 

countries for every tones of carbon emission avoided or sequestered (Sathaye et al., 2006). 

To be eligible for registration under CDM, afforestation /reforestation projects must meet is 

that land should have been: a) non-forest on 31 December 1998; and b) non forest at the time 

of start of project activity. So, under these criteria most of the Ethiopian community forests 

are not considered eligible for carbon trading scheme.  

 2.14 Reducing Emissions from Deforestation and Forest Degradation   

As CDM fails to reduce the emissions from deforestation in non-industrialized countries, 

there is a strong move to find ways to reduce CO2 emissions from the terrestrial ecosystems 

by reducing the deforestation rates. Under the policy called ‘Reduced Emissions from De-

forestation’ (RED), several approaches have been developed and are being discussed by the 

parties. This is quite different from the CDM approach.  
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REDD+ began life as REDD: a scheme in which developed states would pay developing 

states to protect their forest to mitigate climate change. The scheme was remodeled as 

REDD+, which allowed sustainable management of forests and the conservation and en-

hancement of forest carbon stocks (Cifor, 2010) .These proposals have been broadened by 

subsequent negations, culminating in an agreement on REDD+ in Cancum in December 

2010. As well as including activities which reduce emissions from deforestation and forest 

degradation, REDD+ now explicitly includes the conservation of forest carbon stocks, sus-

tainable management of forests and the enhancement of forest carbon stocks (UNFCC, 2010).  
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3. MATERIALS AND METHODS 

3.1 Description of the Study Area 

3.1.1 Geographical Location 

This study was conducted in Gerado Kebele, Habru district which is Located in the Amhara 

National regional state North Wollo East Plain in Weiramba forest located at about 15 km 

from Mersa, 375 km from Bahirdar and 500 km from Addis Ababa. Habru district is located 

in a geographical zone of 39°30' to 39°45'N and 11°30' to 11°15'E with in an altitude range of 

1430-2800 m above sea level. It is bordered on the south by the Mille River which separates 

it from the Debub Wollo Zone, on the west by Guba Lafto, on the north by the Alewuha Riv-

er which separates it from Kobo, and on the east by the Afar Region. Weiramba Forest is one 

of the remnant dry afromontane forests in northern Ethiopia and the forest has an altitudinal 

gradient of ranging from 1923 to 2225 m above sea level. According to the Habru District 

Agriculture and Rural Development Office (HDARDO), the forest covers a total area of 153 

ha and it is a home for a variety of flora and fauna. The wildlife population includes mam-

mals, birds, reptiles, etc. in the natural and plantation forests. 

Figure 4: Map of the study area 
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3.1.2 Climate 

The temperature and rainfall data for the study site were collected from Mersa Agriculture 

and Rural Development Office which is the nearest weather station for study site. According-

ly, the weather condition of the study area is characterized by the coldest climate which is 

locally known as ‘Dega’  that covers 3.5%, the warmest which is locally known as ‘Kolla’ 

that covers 56.5% and medium which is locally known as ‘Weina Dega’ that covers 40%. 

Rainfall distribution over the area is Bimodal, characterized by a short rainy season which is 

locally known as ‘Belg’ and the long rainy season which is locally known as ‘Meher’ that 

occurs in end of January-March and July- Middle of September, respectively. The mean an-

nual maximum and minimum temperature ranges 28.6 0c and 15 0c respectively, and the 

mean annual rainfall ranges from 750 to 1000 mm. 

3.1.3 Vegetation  

Weiramba forest, is a dry evergreen afromontane vegetations type, contains different types of 

indigenous trees in which largely dominated by, Olea europaea subsp.Cuspidata, Acacia al-

bida, Pittosporum viridiflorum, Allophylus abyssinicus, Carissa edulis, Euclea divinorum and

Maytenus arbutifalia. There are also some plantations which stand of exotic species which 

are found in most of open areas bordering the forest. Of which, Acacia dicurrens, Eucalyptus 

camaldulensis, Casuarina equisetifolia and Cupressus lusitanica are some planted species in 

the study site. During the past times, the forest has experienced long and intensive deforesta-

tion, exploitation and reforestation. However, the current practice of management system of 

the forest seems at a good position, since it is protected by enough number of employed 

guards. 

3.1.4 Land Use Types 

According to Habru District  Agriculture and Rural Development Office (unpublished), there 

are different land use types in the area, of which the woodland along with the grazing lands 

holds about 3,388 hectare, Forest land holds about 1614 hectare, comprising 772 hectare of 

natural forest and 842 hectare of man-made Plantations forests. Cultivated land holds about 

24,253 hectare (see Table 1). 
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Table 1: Land use types of Habru District 

Land use type Area (ha) 

Woodlands(+grazing land) 3,388 

Shrub and Bush land 11,207 

Bare land 4,491 

Cultivated & Arable land 24,253 

Settlement 3,173 

     Total 48,126 

Note: *According to the district office of agriculture, lands which are highly degraded and 

devoid of vegetation are classified as bare lands. 

3.1.5 Topography  

The topography of Habru district comprises uneven and rugged mountainous highlands, ex-

tensive plains and also deep gorges. It is one of the degraded and eroded areas in the region. 

Its agro-ecology consists of mostly lowlands, making it ideal for water intensive crops such 

as fruits and vegetables (e.g., tomato, onion, orange, mango, papaya).

3.1.6 Soil  

The soil type is mostly clay and sandy soil with some loamy soil which are important for hav-

ing moderate soil organic carbon in the study area. Over cultivation, over grazing and some 

other human interference were highly affected the fertility of the soil. 

3.1.7 Economic Activity 

Economically, Habru hosts large commercial farms concentrated around Girana. These farms 

are mostly involved in animal production (e.g., animal rearing) and agro-proccesing of the 

aforementioned products. Products are often sold in the local markets located in Mersa and 

markets in neighboring areas such as Dessie and Tigray. Market access in the district has 

been enhanced by a main road that now runs directly through Habru, linking Habru with Ad-

dis Ababa.
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3.2 Sampling and Data collection Methods 

3.2.1 Reconnaissance survey and study site selection  

Reconnaissance survey was made during October 21-27, 2015. Before data collection was 

carried out, North Wollo zone, Habru Woreda and Sirinka Kebele natural resource experts 

and Researchers, Farmers (Key Informants) were communicated, Published and unpublished 

documents were referred in order to identify the potential area. Then after, the potential study 

area was assessed and selected mainly based on the forest potential of the District. 

After selected the potential area, the preliminary survey was conducted and the latitude, lon-

gitude, aspect, slope and elevation of the study area were recorded. The survey was made 

across the forest in order to obtain an impression in site conditions and physiognomy of the 

vegetation, collect information on accessibility, identify sampling sites and calculate sample 

size. Then, the elevation range and transect direction of the forest were determined and tran-

sects were laid from the lowest altitudinal elevation to the highest (Alves et al., 2010). Fur-

thermore, during this period, secondary information regarding the study area was collected 

from the District Office of Agriculture and Rural Development. The actual data collection 

was conducted from February 15, 2016 to March 15, 2016. 

3.2.2 Study site boundaries Delineation 

 Delineation of the Forest boundaries is the first step in forest carbon stock measurement 

(Bhishma et al., 2010). There are many tools that are available for identifying and delineating 

project boundaries such as aerial photos, global positioning system (GPS), topographic maps, 

land records and others. The boundaries of the study forest area were delineated by taking 

geographic coordinates with GPS at each turning point to facilitate accurate measurement and 

accounting of the forest carbon stock. The GPS points that were taken from the study site to 

indicate each sample quadrats were recorded. 

3.2.3 Sample Size determination 

The sample size must be adapted to the tree diversity of the stand. The more variability there 

is within a stand, the bigger the number of trees sampled should be. Thus, a mono specific 

even-aged stands (e.g. an industrial plantation) requires a smaller sample size than a tropical 

rainforest to achieve the same sampling error. In a mono specific stand, the trees will tend to 
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have a similar carbon stock: they have the same age, are from the same species or clone and 

have similar social status (Picard et al., 2012).  

Sample size determination depends on the vegetation type, logistics, manpower and cost (Di-

etz and Kuyah, 2011). In order to determine statistically sufficient sample size, the following 

sampling technique was employed in the study forest. Randomly n sample quadrats were tak-

en from the forest and the number of trees per quadrat was counted. According to Pearson et 

al. (2005), the sample variance for the number of trees is calculated by the formula as fol-

lows: 

�� � �
��� � �̅��

� � 1

�

���

� � �� � ��������������������eq.1�

Where, xi= Number of trees in the ith quadrat, ��= Mean number of trees in the first sample 

quadrat, S2=Sample variance, and n= number of first sample quadrat. 

For single stratum of number of quadrat determination (Pearson et al., 2005)  
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n = number of quadrats 

E = allowed error (average precision x level selected). The recommended level of accuracy is 

± 10% (0.1) of average but can be up to ± 20% (0.2).  

t = statistical sample of the t distribution for a 95% level of confidence (usually used as  

Sample number)  

N = number of quadrats in the area of the layer (stratum area divided by the quadrat size in 

ha)  

S= standard deviation of land use system 

The number and area of major sample quadrats, each having an area of 200 m2 was deter-

mined after calculating and observing the forest cover.  

3.2.4 Stratification of the Study Area  

Stratification was done in the study forest in order to take accurate data from the field as well 

as to maintain the homogeneity of the area. Altitude is the major parameter to classify the 

study area. The strata were defined at each 100 m elevation, starting from the lower to the 
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higher altitude of the study area. Therefore, Based on altitudinal variation, the study site was 

stratified into three zones namely: lower (1923-2023 m), middle (2024-2124 m) and higher 

(2125-2225 m). 1923 m was measured as a lower altitude because the forest starts at this alti-

tude value and 2225 m was considered as an upper altitude due to the boundary of the study 

area stopped at this point.  

Slope gradient was the second parameter to classify the study area. The classification of the 

study area by slope was similar with classifications based on altitude starting from the start-

ing point to ending point of samples (forest). Accordingly, slope classes were classified into 

lower (25-60%), middle (60.1-75%) and higher >75%. Aspect was also another parameter 

that was considered in the study forest and classified into six classes: North (N), East (E), 

West (W), (NE) North East, (NW) North West and (SW) South West. Quadrats were not 

found on South and South West aspects. Quadrat slope or inclination (%) and aspect were 

recorded using Clinometer and compas, respectively. Environmental variables include alti-

tude and geographical locations (latitude and longitude) of each sample quadrat were meas-

ured using Garmin eTrex Global Positioning System (Garmin eTrex GPS) having an accura-

cy of ±10 m.  

3.2.5 Sampling design  

There are varieties of sample quadrat designs that are applicable in forest inventory for the 

purposes of timber volume, biomass or carbon assessments. The two general designs are sin-

gle quadrat design which is appropriate for monoculture plantations which are homogenous 

in tree size and distribution, and are in most cases single storey; and nested quadrat designs 

which are appropriate for inventories in natural forests where there is high variability in tree 

size, distribution and structure (Brown, 1997). Even though, both rectangular and circular 

nested quadrats are applied in most of the forest carbon measurements, rectangular quadrat is 

more advantageous and recommended for the study area. This is because rectangular quadrats 

tend to include more of within-quadrat heterogeneity, and thus be more representative than 

the circular quadrats of the same area (Brown, 1997; Hairiah et al., 2001).   

In this study area, there is high variability in topography and vegetation types. Hence, a rec-

tangular nested quadrat design which is appropriate to incorporate the variable tree sizes; was 

used (Figure 5). Accordingly, a total of seven transects lines and 40 quadrats of 10 m x 20 m 

(200 m2 each) in size were systematically established for carbon stock estimation and vegeta-
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tion records. A transect is a line along which samples of vegetation are taken. It is set up pur-

posively across areas where there are rapid changes in vegetation and marked environmental 

gradients (Kent and Coker, 1992). Quadrats were laid systematically at every 100 m along 

transect lines, which were 200 m apart from each other. In order to eliminate any influence of 

the road effects on the forest biomass, all the quadrats were laid at least 100 m away from 

nearest roads.  

For the purpose of seedling and sapling inventory, two sub-quadrats of 2 m x 5 m were laid at 

the beginning and the end of the base line on opposite sides of the main quadrat. For the pur-

pose of litter and soil sampling, a total of five sub quadrats with the area of 1 m X 1 m were 

laid within each main quadrat in a way those four sub-quadrats at the corner and one at the 

center (Fig. 5). The alignment of transects, at the time of laying out the quadrats, was done 

using Compas and GPS.  

Atotal = 200 m2

A=1m2

A=1m2

A = 10 m2

A=1m2

A=1m2

A = 10 m2
A=1m2

Figure 5: Design of main and sub-quadrats for sampling of carbon pools

3.2.6 Data type 

The primary and secondary data were used in order to collect the important data to meet the 

objectives of this study. Primary data was obtained through field measurements in the study 

areas and the secondary data was collected from different resources like published and un-

published materials, books, journals, articles, reports, and electronic web sites.
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3.2.7 Carbon Stock Measurement 

The major activities of carbon measurement during the field data collection were above-

ground tree biomass, below-ground biomass, leaf litter, and soil organic carbon measure-

ments. Detailed methods are explained under the following sub headings.

3.2.7.1 Tree Measurement 

The estimations of above and below ground carbon depend on the above ground biomass of 

living tree species. To reveal the tree composition, below and above ground biomass, all 

tree/shrub species with DBH ≥ 2.5 cm were measured in each quadrat using Caliper and Di-

ameter Tape. In addition, the total tree heights (to the top of the crown) were measured using 

Hypsometer (Brown et al., 2002; Pearson et al., 2005). Each tree was recorded individually, 

together with its species name and ID. Trees/Shrubs with multiple stems at 1.3 m height were 

treated as a single individual and the diameter was measured separately for the branches and 

averaged as one DBH and the tree/shrub boles buttressed, DBH measurement was undertaken 

from the point just above the buttresses. Trees with multiple stems or fork below 1.3 m height 

were also treated as a single individual (Kent and Coker, 1992).  

For the purpose of regeneration assessment, from the two sub-quadrats of 2 m x 5 m, seedling 

and sapling counting per species was made. In all quadrats, additional trees and shrubs out-

side the quadrat boundaries but within 10-15 m were collected and noted as present. Besides 

to this, additional field layer species that were encountered outside the sub-quadrats were col-

lected and noted as present. In this study, seedling was considered as those woody individuals 

having less than 2.5 cm in DBH and less than 2 m in height, whereas Sapling was considered 

as those woody individuals having less than 2.5 cm in DBH and 2 m and above in height.

In the quadrat, local names of trees were recorded and later scientific names were identified 

from all published volumes of Flora of Ethiopia and Eritrea and Useful trees and shrubs for 

Ethiopia (Azene Bekele, 2007). For species that proved difficult to identify in the field, her-

barium specimens were collected, dried properly and transported to the National Herbarium 

at Addis Ababa University for identification. 
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3.2.7.2 Litter Sampling

The litter biomass carbon pool includes dead organic surface materials less than 10 cm di-

ameter (Pearson et al., 2005). Litter samples were collected in a 1 x 1 m square sub-quadrat 

within each quadrat. A total of five sub-quadrats (four at corners and one in the center) were 

used for litter collection. In each quadrat, five samples of fine litter, including leaves, 

twinges, fruits/flowers, and barks were collected and placed in a weighting bag. The 100 

gram sub sample fresh weights were sampled from the five sub-samples collected from each 

quadrat which were mixed homogenously and placed in a plastic bag to take it to the labora-

tory. Dead wood was not considered in this study due to the unavailability of it in the study 

site.  

Figure 6: Design of sub quadrats for Litter Sampling

3.2.7.3 Soil Sampling 

Soil samples for the determination of soil carbon were collected from sample quadrats laid 

for litter sampling mean that from four corners and at the center of each quadrat to a depth of 

40 cm within each quadrat by pressing an auger to a depth of 0-20 cm and 21- 40 cm, and the 

five soil samples of each layer were composited (Roshetko et al., 2002; Takimoto et al., 

2008). Five equal weights of each layer soil samples were taken and mixed homogenously 

while a 100 gm composite sample was taken from each sample quadrat for the determination 

of organic carbon in the laboratory using Walkley-Black (1934) method. In addition, from the 

same quadrats, soil samples for soil bulk density determination were collected from the sur-

face soil (from 0-20 cm and 21-40 cm depths) using 10 cm length and 3.4 cm diameter core 

sampler carefully driven into the soil to avoid compaction (Roshetko et al., 2002). 
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3.3 Vegetation Data Analysis 

3.3.1 Structural Analysis 

The Diameter at Breast Height (DBH), basal area, tree density, height, frequency and impor-

tant value index were used for description of vegetation structure.  

Diameter at Breast Height (DBH): DBH measurement was taken at about 1.3 m from the 

ground using a measuring tape and caliper and later the diameter is calculated from circumfe-

rence (C) = �d, Where d is diameter at breast height. This technique is easy, quick, inexpen-

sive and relatively accurate.  

Density is a count of the numbers of individuals of a species within the quadrat (Kent and 

Coker, 1992). It is closely related to abundance but more useful in estimating the importance 

of a species. Counting is usually done in quadrats placed several times in vegetation com-

munities under study. Afterwards, the sum of individuals per species is calculated in terms of 

species density per convenient area unit such as a hectare (Mueller-Dombois and Ellenberg, 

1974). 

Frequency is the number of times a particular species is recorded in the sample area. The 

frequency distribution of tree species was calculated as follow:  

% ��������� � 
��.�� �������� �� ����� ������� � ������

����� ��. �� �������� ��������
� 100 � � � ����.3�

The frequencies of the tree species in all the 40 quadrats were computed. The higher the fre-

quency, the more important the plant is in the community. A better idea of the importance of 

a species with the frequency can be obtained by comparing the frequency of occurrences of 

all of the tree species present. The result is called the relative frequency and is given by the 

formula:   

�.� � 
��������� �� � �������

����� ��������� �� ��� �������
� 100 � � � � �������������.4�

 Although a high frequency value means that the plant is widely distributed through the study 

area, the same is not necessarily true for a high abundance value. This abundance is not al-

ways an indicator of the importance of a plant in a community. 
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�� � 
������ �� ��� ����������� �� � �������

����� ������ �� ��� ����������� �� ��� ������
� 100 � � � � �����.5�   

��� �     
����� ���� �� � �������

����� ����� ���� �� ��� ������
� 100 � � � � ����� ���.6�                

Importance Value Index (IVI): Importance value index combines data for three parameters 

(relative frequency, relative density and relative abundance). That is why ecologists consider 

it as the most realistic aspect in vegetation study (Curtis and Mcintosh, 1951). It is useful to 

compare the ecological significance of the species (Dereje Denu, 2007). High value of IVI 

indicates that the species sociological structure in the community is high.  

IVI = Relative density + Relative frequency + Relative dominance --------------------- (eq. 7)  

Basal Area: Total basal area is the sum of the stem cross-sectional area at breast height on a 

per- hectare basis. It is expressed in square m/hectare (Mueller-Dombois and Ellenberg, 

1974). Generally, it is a measure of dominance where the term “dominance” refers to the de-

gree of coverage of a species as an expression of the space it occupies and calculated by us-

ing DBh. There is direct relationship between DBH and basal area (Kent and Coker, 1992). 

Basal area = �d
2

/ 4 ---------------------------------------------------------------------------- (eq. 8) 

Where d = diameter at breast height (DBH), � = 3.14. Basal area was computed for all trees 

and shrub species with a DBH > 2.5 cm. The population structure of all tree species in the 

sample quadrats was analyzed by using stems with a DBH > 2.5 cm and the pattern that 

emerged were interpreted as indication of variation in population dynamics in the forest 

(Kumelichew Yeshitila and Taye Bekele, 2003).  

3.3.2 Species Diversity Analysis 

Diversity, which is synonymous with heterogeneity (Hurlbert, 1971 cited in Krebs, 1999), 

comprises species richness and evenness. Diversity has emerged as the most widely used cri-

terion to assess the conservation potential and ecological value of a site (Magurran, 1996). 

Species diversity indices provide information about species endemism; rarity and common-

ness (Mueller-Dombis and Ellennberg, 1974). Among various diversity indices, Shannon-
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Wiener (1949) diversity index (H’) is the most popular measure of species diversity because 

it accounts both for species richness and evenness, and it is not affected by sample size 

(Grieg-Smith, 1983; Kent and Coker, 1992; Krebs, 1999). Therefore, diversity index of this 

study area was calculated according to Shannon-Wiener (1949) by using the following for-

mula: 

�′ � �� pi ∗ lnpi
�

��1
� ����������������������������.9 �

Where, H’ = Diversity of species  

S = the number of species 

Pi = the proportion of individuals or the abundance of the ith species expressed as a propor-

tion of the total cover; 

ln = log base n  (natural logarithm) 

3.3.2.1 Evenness (Equitability) Analysis  

One of the simplest means of analyzing Woody Species vegetation data is to look at the de-

gree of association between species and level of similarity between quadrats or samples. 

Evenness is used to quantify the unique representation of a given species against a given hy-

pothetical community in which all species are equally common, such that when all species 

have equal abundance in the community and hence evenness is maximal (Kent and Coker, 

1992; Krebs, 1999). 

Shannon’s Equitability (E), Evenness was calculated from the ratio of observed diversity to 

maximum diversity using the equation:    

������������ �� �������� ��� �
�′

�′���
�
∑ pi ln pi�
���

lnS
� � � � � ������ �eq.10�

Where, H'max = lnS 

             J = Evenness 

            H' = Shannon diversity index 

            ∑ = Summation symbol; 

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

S = number of species in each quadrat (Shannon-Weiner, 1949). 
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E = H’/lns, Equitability assumes a value between 0 and 1 with 1 being complete evenness 

when all species in a sample are equally abundant and then decreases to zero as the relative 

abundance radiates away from equitability (Kent and Cooker, 1992). The higher the value of 

evenness index, the more even the species is in their distribution within the given area. Simi-

larly, the higher the value of H’, the more diverse the community or the quadrats are. 

3.3.3 Regeneration status analysis of selected species 

The population structure characterized by the presence of sufficient population of seedlings, 

saplings and adults, indicates successful regeneration of forest species and the presence of 

saplings under the canopies of adult trees also indicates the future composition of a communi-

ty. Regeneration of a particular species is poor if seedlings and saplings are much less than 

the mature trees. The study of regeneration of forest trees has important implications for the 

management of natural forests. 

Regeneration status of the forest was analyzed by comparing saplings and seedlings with the 

matured trees according to Dhaulkhandi et al. (2008) and Tiwari et al. (2010), i.e. Good re-

generation, if seedlings > saplings > adults; Fair regeneration, if seedlings > or = saplings = 

adults; Poor regeneration, if the species survives only in sapling stage, but no seedlings (sapl-

ings may be <, > or = adults); and if a species is present only in an adult form it is considered 

as not regenerating. On the other hand, the regeneration status of woody species was summa-

rized based on the total count of seedling and sapling of each species across all quadrats and 

presented in tables.  

In general, a tree species with no seedling and sapling in a forest is under risky condition and 

it is suggested that these species are under threat of local extinction. Hence, for a successful 

regeneration and establishment of seedlings, a sufficient volume of viable seeds, appropriate 

climatic and edaphic conditions are indispensible (Taye Bekele et al., 2002). 
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3.4 Carbon Stock Estimation in Different Carbon pools 

3.4.1 Estimation of Carbon in the Aboveground Biomass 

The common methods for determining of the aboveground biomass (AGB) of forests are the 

combination of forest inventories with developed allometric tree biomass regression models 

(Brown, 2002; Houghton, 2005; Chave et al., 2014). This estimation of AGB in the forests is 

based on quadrat inventories that involve the following steps (Brown et al., 1996; Houghton 

et al., 2001; Chave et al., 2005; 2014): 

1. The selection and application of an allometric biomass function for the estimation of 

individual tree biomass,   

2.  The summation of individual tree AGB to estimate quadrat AGB, and   

3. The calculation of an across-quadrat average to hectare based.   

In this study, allometric equation given by Chave et al. (2014) was used. The equation was 

developed based on the aboveground tree biomass for different tropical climatic /rainfall re-

gions. The total annual rainfall obtained from a weather station close to the study sites were 

used to determine the allometric equation. The inclusion of country specific wood density in 

the equation significantly improves biomass estimation (Chave et al., 2014). For this reason, 

the following parameters are needed to express above ground biomass in carbon stock: di-

ameter at breast height (DBH), tree height, a wood density factor. While DBH and height pa-

rameters are directly measured in the field, wood density of species was obtained from other 

studies and databases. Average wood density value of the known species was used for species 

for which wood density was not found.  

AGB�0.0673 * �ρ* �DBH�2 * H�^0.976 -----------------------------------------------------�eq. 11�

Where: AGB = above ground biomass (in kg dry matter)  

ρ = wood density (g/cm3)  

             DBH = diameter at breast height (in cm) 

             H = total height of the tree (in m) 

Above ground carbon stock of each tree biomass conversion to carbon stock was based on 

(MacDicken, 1997; Pearson et al., 2005; Cairns et al., 1997; Brown, 2002; IPCC, 2006).

���� �  ��� ∗  0.5   � � � � ��������������������� ���.12�
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Where,   AGCS = Above Ground Carbon Stock 

                AGB = Above Ground Biomass (kg/tree) 

3.4.2 Estimation of Carbon in the Belowground Biomass 

Measuring below ground tree biomass (roots) is difficult, time consuming, destructive and 

almost never measured. Because of this, below ground vegetation carbon is directly derived 

from aboveground vegetation carbon using known conversion factors. Below ground root 

biomass is estimated using root to shoot ratio which varies 20 to 50% depending on species. 

Accordingly, for tropical dry forest, below ground biomass is estimated to be about 26% of 

the above ground biomass (woody and non -woody) estimates (Cairns et.al., 1997; IPCC, 

2003; FAO, 1997).  

But in Ethiopia case, below ground biomass is about 27% of the above ground biomass 

(FAO, 2010). Hence, for the estimation of below ground biomass for every tree, the recom-

mended root-to-shoot ratio value of 1: 0.27 was used.  

��� � ��� ∗ 0.27 � � � � ������������������� ���.13� 

Where, AGB = Above Ground Biomass (kg/tree), BGB = below ground biomass, 0.27 is 

conversion factor (or 27% of AGB). To estimate the carbon content and amount of CO2 in 

BGB, the same procedure was applied like that of AGB.   

��� � ��� ∗ 0.5 � � � � �������������������������. 14�

             Where, BGC = carbon content of below ground biomass   

              BGB= below ground biomass  

The carbon in above and below ground has to be multiplied by 3.67 to get CO2.

 Biomass (AG+BG) for each stem 

a carbon stock  (Cairns et. al., 1997; 

Pearson et al., 2005). 
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3.4.3 Estimation of Carbon in the Litter Biomass 

The collected litter samples were oven dried at 105
0
C for 48 h using dry ashing method (Al-

len et al., 1986). Oven-dried samples were taken in pre-weighed crucibles. Then the samples 

were ignited at 550
0
C for one hour in muffle furnace. After cooling, the crucibles with ash 

were weighed and percentage of organic carbon was calculated. Finally, carbon in litter t/ha 

for each sample was determined. According to Pearson et al. (2005), estimation of the 

amount of biomass in the leaf litter can be calculated by: 

�� �
������

�
∗  

� ��� � �����������

� ��� � �������������
∗

1

10,000
� � � � ������� ���.15 �

Where: LB = Litter (biomass of litter t/ha)  

W field = Weight of wet field sample of litter sampled within an area of size 1 m2 (g); 

A= size of the area in which litter were collected (ha); 

W sub-sample, dry = weight of the oven-dry sub-sample of litter taken to the laboratory to 

determine moisture content (g), and 

W sub-sample, fresh = weight of the fresh sub-sample of litter taken to the laboratory to de-

termine moisture content (g). 

The percentage of organic carbon storage from the dry ashing in the litter carbon pool was 

calculated as follows (Allen et al., 1986): 

% ��� �  �� �
��

��
��� ∗  100 � �� � �������������������.16�

%� � �100 � ���% � ∗  0.58 � � �� ��������������������� .17�

Where, C = organic carbon (%) 

Wa = the weight of the crucible (g) 

Wb = the weight of oven dried grind samples and crucibles (g) 

Wc = the weight of ash and crucibles (g) 

�� �  �� ∗  % � � � � � �������������������������.18�

Where, CL is total carbon stocks in the dead litter in t/ha, % C is carbon fraction determined 

in the laboratory (Pearson et al., 2005). 
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3.4.4 Estimation of Carbon in Soil Organic Carbon (SOC) 

Soil organic matter contributes to more than 50% of the forest carbon stock in some forest 

types (Roshetko, 2002).  In the current study, the soil samples were air-dried, well mixed and 

sieved through a 2 mm mesh size sieve for soil carbon analysis. Soil samples were analyzed 

following the right technique (Walkley & Black, 1934) method and analysis of soil samples 

was conducted at the Water works and Design Enterprise Soil Testing Laboratory of Ethi-

opia.  

3.4.4.1 Soil Bulk Density Determination  

The dry bulk density (BD) is the ratio between the mass of oven dry soil material and the vo-

lume of the undisturbed fresh sample. Bulk density was determined at the Water works and 

Design Enterprise Soil Testing Laboratory of Ethiopia, after drying the core samples of soil 

in oven at 105 0C for 24 hours to constant mass and the weight of the soil was divided by the 

volume of the core sampler. The weight of the gravel above 2 mm diameter was subtracted to 

determine the bulk density of the soil samples.  

The carbon stock density of soil organic carbon can be calculated as recommended by Pear-

son et al. (2005) from the volume and bulk density of the soil.   

� �  � � � �2 � � � � ��������������������������.19�

Where, V is volume of the soil in the core sampler augur in cm3, h is the height of core samp-

ler augur in cm, and r is the radius of core sampler augur in cm (Pearson et al., 2005). More 

over, the bulk density of a soil sample can be calculated as follows: 

�� � 
���, ���

�
� � � � �������������������������.20�

Where, BD is bulk density of the soil sample, Wav, dry is average air dry weight of soil sam-

ple per quadrat, V is volume of the soil sample in the core sampler auger in cm3 (Pearson et 

al., 2005).

 Then, the soil organic carbon stock pool was calculated using the formula (Pearson et al., 

2005):  

��� �    �� ∗  � ∗  % � � � � � ������������������� ���.21�
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Where, SOC= soil organic carbon stock per unit area (t/ha), BD = soil bulk density (g/cm3),    

D = the total depth at which the sample was taken (0-20 cm and 21-40 cm), and % C = Car-

bon concentration (%) determined in the laboratory.    

3.4.5 Estimation of Total Carbon Stock Density of the Area  

The total carbon stock density was calculated by summing the carbon stock densities of the 

individual carbon pools of the stratum using the Pearson et al. (2005) formula. In addition, it 

is recommended that any individual carbon pool of the given formula can be ignored if it 

does not contribute significantly to the total carbon stock (Bhishma et al., 2010). 

Carbon stock density of a study area: 

� ������� � ���� �  ���� �  � ��� �  ��� � � � ��������������.22�

Where: C density = Carbon stock density for all pools [t/ha] 

            C AGTB = Carbon in above -ground tree biomass [t C/ha] 

            C BGB = Carbon in below-ground biomass [t C/ha]   

            C Lit = Carbon in dead litter [t C/ha] 

            SOC = Soil organic carbon, the total carbon stock is then converted to tons of CO2

equivalent by multiplying it by 44/12, or 3.67 (Pearson et al., 2007).

3.5 Statistical Analysis 

The vegetation, environmental and various carbon pools data gathered from the field were fed 

into a computer and organized on the excel data sheet for the subsequent analysis of the data. 

After recording and organizing different data, the quantitative structure (data obtained from 

DBH, height, weights of litter and soil) analysis was made using Microsoft excel of 2010 and 

Statistical Package for Social Science (SPSS) software version 20.  

Based on the collected data (DBH, Total height, fresh and dry weights of litter and soil organ-

ic matter), biomasses of each tree species in all sample quadrats was calculated by using de-

veloped allometric model and converted in to quadrat and hectare base by using conversion 

factor. Environmental variables such as, altitude, slope and aspect were divided in different 

classes for similar pattern analysis. The relationship between different parameter was tested 

by linear regression and One Way ANOVA. 
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To describe the magnitude of the tree species diversity and carbon stock relationship of the 

study forest, correlation (Pearson’s correlation) was done. Pearson’s correlation coefficient 

(aka, Pearson’s r) provides a numerical index of the linear relationship between two variables 

that are scaled an interval or ratio level of measurement. Pearsons’s conveys two findings:

a) The direction of relationship between two variables (in terms of their being  a posi-

tive or negative relationship, or no relationship);  

b) The magnitude of the relationship. 

Pearson’s  r’s range from -1 to +1. If the value of r = -1, the relationship is perfect (stronger) 

negative; if r = -0.5 the relationship is weak negative; if r = 0, there is no relationship; if r = 

+0.05, the relationship is weak positive and if r = +1, the relationship is perfect positive.  

According to Cohen (1988), the magnitude (size) of the relationship between two variables 

can be reflected by correlation coefficient and he suggested the following conventions.  

│r│≈ 0.1: small relationship; │r│≈ 0.30: medium relationship and │r│≈ 0.50 or greater: 

large relationship. The significance difference level between two variables was tested by 

comparing P- value against α = 0.05  
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4. RESULTS AND DISCUSSION 

4.1 Results  

4.1.1 Woody Species Composition 

A total of 32 woody species belonging to 28 genera and 20 families were recorded from Wei-

ramba Forest. The collected species were composed of 46.67 % (14 in number) trees, 40 % 

(12 in numbers) trees/shrubs and 20% (6 in numbers) shrubs (Appendix 12). Fabaceae is the 

most dominant family with 3 (11.11%) genera and 6 (19.35%) species followed by Cupressa-

ceae, Myrtaceae, Rubiaceae, Sepindaceae which each has 2 (7.4%) genera and 2 (6.45%) 

species. Tiliaceae with 1 (3.7%) genera and 2 (6.45%) species ranked third. Balanitaceae, Sa-

potaceae, Apocynaceae, Casuarinaceae, Verbenaceae, Euphorbiaceae, Sapindaceae, Boragi-

naceae, Ebenaceae, Bignoniaceae, Celastraceae, Myrsinaceae, Oleaceae were represented 

each by 1 (3.7%) genera and 1 (3.23%) species (Appenix 13). 

4.1.2 Vegetation Structure 

4.1.2.1 Density of Woody Species 

A total of 3547 individuals, from 32 species, were recorded with the DBH ≥ 2.5 cm within 40 

quadrats in Weiramba Forest between the altitudinal ranges of 1923 m and 2225 m a.s.l. Of 

these, Olea europaea subsp. Cuspidata was the dominant species in the study area covering 

29.91% (1061 stems). Acacia albida is the second dominant species with 14.08% (499 stems) 

coverage of the study quadrats. Pittosporum viridiflorum, Allophylus abyssinicus and Dodo-

naea anguistifolia covered 13.72% (487 stems), 8.65% (307 stems) and 7.69% (273 stems), 

respectively. Casuarina equisetifolia, Grewia ferruginea and Rosa abyssinica were the least 

dominant species with equal coverage of 0.02% (1 stem) in the study forest. Psydrx schimpe-

riana, Ehretia cymosa, Balanites aegyptiaca, Leucaena leucocephala and Jacaranda mimosi-

folia, were the next least dominant species covering  0.05% (2 stems), 0.08% (3 stems), 

0.08% (3 stems), 0.11% (4 stems) and  0.11% (4 stems),  respectively (Table 4). The total 

density was 1343 stems per ha for DBH > 10 cm and 113 individuals per ha for DBH > 20 

cm. The density ratio of individuals with DBH >10 cm to those greater than 20 cm is 11.94 

for the study forest. 
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4.1.2.2 DBH and Height Distribution  

The DBH distribution of Weiramba forest was classified into five classes. The number of 

stems in DBH class 6-10 cm was 1086.25/ha (48.99%). The distribution of tree species in dif-

ferent DBH classes was 646.25/ha (29.2%) in 11-15 cm, 290.63/ha (13.1%) in ≤ 5 cm, 

151.25/ha (6.8%) in 16-20 cm and it was found to be 42.5/ha (1.9%) of the total in DBH class 

>20 cm. (Table 2).  

20.6% and 41.5% of the total density is found in the lower classes (first and second), whereas 

about 29.2% and 8.7% of the density was found to be in the middle classes (between second 

and fourth) and in the higher diameter classes (fourth and fifth), respectively. In general, most 

woody plants were located in the second and third classes. On the other hand, the rest of least 

number of plants were found in the first, fourth and fifth classes respectively. Accordingly, 

the cumulative density of trees in lower and higher DBH classes is lower when compared to 

the cumulative density of the intermediate ones. 

 As mentioned in Appendix 2, the mean maximum DBH value in the study area was recorded 

for Casuarina equisetifolia with the average DBH value of 21.75 cm followed by Cupressus 

lusitanica and Juniperus procera with the average DBH value of 15.91 cm and 14.7 cm, re-

spectively. The least mean DBH were recorded for Clerodendrum myricoides with mean val-

ue of 5.15 cm followed by Myrsine africana and Rosa abyssinica with the value of 4.9 cm 

and 3.75 cm, respectively (Table 2). 

Table 2: DBH size class distributions of trees in the study site

S/N DBH class (cm) Density/8000 m2 Density/ha Coverage (%) 

1 ≤ 5 730 912.50 20.58 

2 6-10 1473 1841.25 41.53 

3 11-15 1034 1292.50 29.15 

4 16-20 242 302.50 6.82 

5 >20 68 85 1.917 

Total 3547 4433.75 
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Table 3: Height class distributions of trees in the study site

S/N Height Class (m) 
1 ≤ 4 m

2 5-8 m

3 9-12 m

4 13-16 m

5 >16 m
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dual decrease towards the lower and upper size trees indicating continuous r
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Figure 8: Height class distribution of all trees recorded in the study area

4.1.2.3 Frequency 

Frequency is the number of quadrats in which a given species occurred in the study area. 

Based on the percentage frequency values, the tree/shrub species were classified into five fre-

quency classes: 1 = 0-20, 2 = 21-40, 3 = 41-60, 4 = 61-80 and 5 = 81 – 100. The frequency 

and % frequency values of species are given in Table 4. Accordingly, the frequency distribu-

tion of species showed that Acacia albida (100%) and Olea europaea subsp. cuspidata (95%) 

were the two most frequently observed tree species (in 40 and 38 quadrats out of 40, respec-

tively). Dodonaea anguistifolia, Allophylus abyssinicus and Pittosporum viridiflorum were 

92.5%, 87.5% and 82.5% distribution, respectively.  

The species with the least occurrence in the study site are Aningeria adolfi-friedericii, Bala-

nites aegyptiaca, Canthium oligocarpum, Casuarina equisetifolia and Clerodendron myri-

coides , Croton  macrostachyus, Grewia bicolor, Jacaranda mimosifolia, Leucaena leucoce-

phala, Premna  schimperi,  Psydrx schimperiana and Rosa abyssinica (Table 4).
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Table 4: Tree species Name, mean DBH, frequency, relative frequency, density/ha and relative density of the species

   Species Name 

Acacia albida 499 40 12.1 100 12.08 623.75 14.07 

Acacia decurrens 19 3 10 7.5 0.90 23.75 0.53 

Acacia etbaica subsp. Et-
baica 

23 7 10.71 17.5 2.11 28.75 0.65 

Acacia sieberiana 30 4 12.75 10 1.20 37.5 0.84 

Allophylus abyssinicus 307 35 7.9 87.5 10.57 383.75 8.65 

Aningeria adolfi-
friedericii 

13 1 8.41 2.5 0.30 16.25 0.36 

Balanites aegyptiaca 3 1 10 2.5 0.30 3.75 0.08 

Calpurnia aurea 16 6 5.75 15 1.81 20 0.45 

Canthium  oligocarpum 6 1 8.4 2.5 0.30 7.5 0.17 

Carissa edulis 230 25 6.57 62.5 7.55 287.5 6.48 

Casuarina equisetifolia 1 1 21.75 2.5 0.30 1.25 0.03 

Clerodendron  myricoides 5 1 5.15 2.5 0.30 6.25 0.14 

Croton  macrostachyus 5 1 6 2.5 0.30 6.25 0.14 
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   Species Name 

Cupressus lusitanica 25 2 15.91 5 0.60 31.25 0.70 

Dodonaea  anguistifolia 273 37 6.78 92.5 11.17 341.25 7.69 

Ehretia cymosa 3 2 12.25 5 0.60 3.75 0.08 

Eucalyptus camaldulensis 94 15 7.35 37.5 4.53 117.5 2.65 

Euclea  divinorum 159 22 7.22 55 6.64 198.75 4.48 

Grewia bicolor 1 1 6 2.5 0.30 52.5 0.02 

Grewia  ferruginea 42 10 7.44 25 3.02 1.25 1.18 

Jacaranda mimosifolia 4 1 12 2.5 0.30 5 0.11 

Juniperus procera 29 3 14.74 7.5 0.90 36.25 0.82 

Leucaena leucocephala 4 1 5.88 2.5 0.30 5 0.11 

Maytenus  arbutifalia 126 20 7.22 50 6.04 157.5 3.55 

Myrsine Africana 31 6 4.9 15 1.81 38.75 0.87 

Olea europaea  subsp. 
Cuspidata 

1061 38 9.83 95 11.48 1326.25 29.91 

Osyris quadripartite 33 9 6.75 22.5 2.71 41.25 0.93 
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   Species Name 

Pittosporum  viridiflorum 487 33 10.8 82.5 9.96 608.75 13.73 

Premna  schimperi 10 1 11.94 2.5 0.30 12.5 0.28 

Prunus  Africana 5 2 10 5 0.60 6.25 0.14 

Psydrx schimperiana 2 1 14.62 2.5 0.30 2.5 0.05 

Rosa abyssinica 1 1 3.75 2.5 0.30 1.25 0.02 

Total 3547 
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4.1.2.4 Basal Area (BA)  

The total basal area calculated for the study area was about 32.10 m2/ha for woody plants ≥ 2.5 cm in DBH 

and this constitutes 0.654 % of the total ground area. The maximum and minimum values BA were record-

ed in Olea europaea subsp.Cuspidata (10.06 m2/ha) with 31.34% and Rosa abyssinica (0.001 m2/ha) with 

0.004 %, respectively (Table 5).

Table 5: Total BA, BA (m2/ha), percentage BA in increasing order of the species in Weiramba Forest 

Item No. Tree species Density BA BA/ha % BA 

1 Rosa abyssinica 
1

0.001 0.001 0.004 

2 Grewia  ferruginea 
1

0.003 0.004 0.011 

3 Clerodendron  myricoides 
5

0.010 0.013 0.041 

4 Leucaena leucocephala 
4

0.011 0.014 0.042 

5 Croton  macrostachyus 
5

0.014 0.018 0.055 

6 Balanites aegyptiaca 
3

0.024 0.029 0.092 

7 Canthium  oligocarpum 
6

0.033 0.042 0.129 

8 Psydrx schimperiana 
2

0.034 0.042 0.131 

9 Ehretia cymosa 
3

0.035 0.044 0.138 

10 Casuarina equisetifolia 
1

0.037 0.046 0.145 

11 Prunus  Africana 
5

0.039 0.049 0.153 

12 Calpurnia aurea 
16

0.042 0.052 0.162 

13 Jacaranda mimosifolia 
4

0.045 0.057 0.176 

14 Myrsine Africana 
31

0.058 0.073 0.228 

15 Aningeria adolfi-friedericii 
13

0.072 0.090 0.281 

16 Premna  schimperi 
10

0.112 0.140 0.436 

17 Osyris quadripartite 
33

0.118 0.148 0.460 

18 Acacia decurrens 
19

0.149 0.186 0.581 
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Item No. Tree species Density BA BA/ha % BA 

19 Grewia bicolor 
42

0.183 0.228 0.711 

20 Acacia etbaica subsp. Etbaica 
23

0.207 0.259 0.807 

21 Acacia sieberiana 
30

0.383 0.479 1.491 

22 Eucalyptus camaldulensis 
94

0.399 0.498 1.552 

23 Juniperus procera 
29

0.495 0.618 1.926 

24 Cupressus lusitanica 
25

0.497 0.621 1.935 

25 Maytenus  arbutifalia 
126

0.516 0.645 2.008 

26 Euclea  divinorum 
159

0.651 0.813 2.534 

27 Carissa edulis 
230

0.779 0.974 3.035 

28 Dodonaea  anguistifolia 
273

0.985 1.231 3.837 

29 Allophylus abyssinicus 
307

1.504 1.880 5.857 

30 Pittosporum  viridiflorum 
487

4.459 5.574 17.366 

31 Acacia albida 
499

5.735 7.169 22.335 

32 Olea europaea subsp.Cuspidata 
1061

8.048 10.060 31.343 

  Total 
3547 

25.677 32.097 99.999 

As indicated in table 6, Olea europaea subsp. cuspidata has the biggest share of the total BA (31.34%). 

The other four species (Acacia albida, Pittosporum viridiflorum, Allophylus abyssinicus, Dodonaea an-

guistifolia) together make 61.16% of the BA.  

Table 6: Basal area, density and their percent contribution of five tree species in Weiramba Forest 

Tree Species BA (m2/ha) % BA Density % Density

Olea europaea subsp. Cuspidata 10.06 38.84 1061 40.39 

Acacia albida 7.16 27.64 499 19.00 

Pittosporum  viridiflorum  5.57 21.51 487 18.54 

Allophylus abyssinicus  1.88 7.26 307 11.69 

Dodonaea  anguistifolia  1.23 4.75 273 10.39 

Total 25.9 100 2627 100 
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4.1.2.5 Importance Value Index (IVI) 

As shown in table 7, The ten species which had higher IVI value in Weiramba forest were Olea europaea 

subsp. cuspidata, Acacia albida, Pittosporum viridiflorum, Allophylus abyssinicus, Dodonaea  anguistifo-

lia, Carissa edulis, Euclea  divinorum, Maytenus  arbutifalia, Eucalyptus camaldulensis and Grewia  fer-

ruginea which together contributed about 197.40 (50.61 %)  from the total of 300.00 IVI value (Table 7). 

Table 7: Basal Area, Relative Density, Relative Frequency and IVI values per hectare of ten top do-

minant Species of Weiramba Forest.

The Importance Value Index (IVI) of 32 species was also calculated. Accordingly, species which had high-

er IVI values are Olea europaea subsp. Cuspidata, Acacia albida and Pittosporum viridiflorum (as men-

tioned above), whereas low IVI values are Rosa abyssinica, Grewia bicolor, Leucaena leucocephala, etc. 

(Table 8).

Item 
No. 

Species Name BA (m2/ha) RD RF IVI 

1 Olea europaea subsp. Cuspidata 10.06 29.91 11.48 72.74 

2 Acacia albida 7.17 14.07 12.08 48.48 

3 Pittosporum  viridiflorum 5.57 13.73 9.96 41.06 

4 Allophylus abyssinicus 1.88 8.66 10.57 25.08 

5 Dodonaea  anguistifolia 1.23 7.70 11.17 22.70 

6 Carissa edulis 0.97 6.48 7.55 17.07 

7 Euclea  divinorum 0.81 4.48 6.64 13.66 

8 Maytenus  arbutifalia 0.65 3.55 6.04 11.60 

9 Eucalyptus camaldulensis 0.50 2.65 4.53 8.73 

10 Grewia  ferruginea 0.23 1.18 3.02 4.91 
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Table 8: The importance value index (IVI) in decreasing order and priority class for conservation of 

tree species in Weiramba Forest (RD = Relative density, RDO = Relative Dominance, RF = Relative 

frequency) 

Species name RD RDO RF IVI %IVI 

1 
Olea europaea subsp. Cus-
pidata 1061 10.060 29.913 31.342 11.48 72.735 24.245 4 

2 Acacia albida 499 7.169 14.068 22.335 12.08 48.484 16.161 4 

3 Pittosporum  viridiflorum 487 5.574 13.730 17.366 9.96 41.056 13.685 4 

4 Allophylus abyssinicus 307 1.880 8.655 5.857 10.57 25.082 8.361 4 

5 Dodonaea  anguistifolia 273 1.231 7.697 3.835 11.17 22.702 7.567 3 

6 Carissa edulis 230 0.974 6.484 3.035 7.55 17.069 5.690 3 

7 Euclea  divinorum 159 0.813 4.483 2.533 6.64 13.656 4.552 3 

8 Maytenus  arbutifalia 126 0.645 3.552 2.010 6.04 11.602 3.867 3 

9 Eucalyptus camaldulensis 94 0.498 2.650 1.552 4.53 8.732 2.911 3 

10 Grewia  ferruginea 42 0.228 1.184 0.710 3.02 4.914 1.638 2 

11 Osyris quadripartite 33 0.148 0.930 0.461 2.71 4.101 1.367 2 

12 Juniperus procera 29 0.618 0.818 1.925 0.9 3.643 1.214 2 

13 
Acacia etbaica subsp. Et-
baica 23 0.259 0.648 0.807 2.11 3.565 1.188 2 

14 Acacia sieberiana 30 0.479 0.846 1.492 1.2 3.538 1.179 2 

15 Cupressus lusitanica 25 0.621 0.705 1.935 0.6 3.240 1.080 2 

16 Myrsine Africana 31 0.073 0.874 0.227 1.81 2.911 0.970 2 

17 Calpurnia aurea 16 0.052 0.451 0.162 1.81 2.423 0.808 2 

18 Acacia decurrens 19 0.186 0.536 0.579 0.9 2.015 0.672 2 

19 Premna  schimperi 10 0.140 0.282 0.436 0.3 1.018 0.339 2 

20 Aningeria adolfi-friedericii 13 0.090 0.367 0.280 0.3 0.947 0.316 2 
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Species name RD RDO RF IVI %IVI 

21 Prunus  Africana 5 0.049 0.141 0.153 0.6 0.894 0.298 1 

22 Ehretia cymosa 3 0.044 0.085 0.137 0.6 0.822 0.274 1 

23 Canthium  oligocarpum 6 0.042 0.169 0.131 0.3 0.600 0.200 1 

24 Jacaranda mimosifolia 4 0.057 0.113 0.178 0.3 0.590 0.197 1 

25 Croton  macrostachyus 5 0.018 0.141 0.056 0.3 0.497 0.166 1 

26 Psydrx schimperiana 2 0.042 0.056 0.131 0.3 0.487 0.162 1 

27 Clerodendron  myricoides 5 0.013 0.141 0.041 0.3 0.481 0.160 1 

28 Balanites aegyptiaca 3 0.029 0.085 0.090 0.3 0.475 0.158 1 

29 Casuarina equisetifolia 1 0.046 0.028 0.143 0.3 0.472 0.157 1 

30 Leucaena leucocephala 4 0.014 0.113 0.044 0.3 0.456 0.152 1 

31 Grewia bicolor 1 0.004 0.028 0.012 0.3 0.341 0.114 1 

32 Rosa abyssinica 1 0.001 0.028 0.003 0.3 0.331 0.110 1 

  Total 3547 32.097 100 100 100 300 100 

4.1.3 Species diversity, richness and equitability 

From the computation of vegetation data, Shannon-Weiner Diversity Index (H’) and evenness (J) for all 

fourty quadrats of Weiramba Forest showed the output in Table 9.  Quadrat 15 has the highest number of 

species (H’max = 2.49) with less diversity index value (H’ = 1.91) compare to quadrat 1,8,9,14,18,29,31,34 

and 40, whereas quadrat 39 has the least number of species (H’max=1.39). Quadrat 1 is the most diverse 

(H’=2.24) and quadrat 14 has a maximum evenness value (J=1) with diversity index (H’) value of 2.09.  

Quadrat 14 has the highest even distribution (J=1), whereas quadrat 37 has the least even distribution 

(J=0.51) when it compare with other quadrats. Quadrat 20 and 25 vegetation and around these quadrats are 

the highest in species richness, whereas the vegetation of quadrat 6 and around quadrat 6 is the least one 

comparatively. The value of Shannon -Wiener Diversity Index of this study area occurs between 1.03 (qua-

drat 28) and 2.24 (quadrat 1). 
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Table 9: The Shannon wiener Diversity index at quadrat level

Quadrat 
No. 

Altitude 
(m) Richness

Diversity index 
(H') H'max 

Evenness J 
(H'/H'max) 

1 1978 38 2.24 2.4 0.93 

2 2008 42 1.5 1.8 0.85 

3 2225 32 1.19 1.95 0.61 

4 2085 66 1.54 1.79 0.86 

5 2092 51 1.86 2.08 0.89 

6 1970 13 1.73 1.95 0.89 

7 1970 23 1.59 1.79 0.89 

8 1957 52 2.01 2.4 0.84 

9 1966 35 1.95 2.3 0.85 

10 1945 142 1.8 2.2 0.82 

11 1958 105 1.63 2.2 0.74 

12 2028 92 1.83 2.2 0.83 

13 2051 151 1.32 2.08 0.64 

14 2060 89 2.09 2.08 1 

15 2043 122 1.91 2.49 0.77 

16 2047 84 1.69 2.08 0.81 

17 2046 82 1.9 2.3 0.83 

18 2070 84 1.96 2.3 0.85 

19 2048 72 1.67 1.95 0.86 

20 2053 169 1.59 2.3 0.69 

21 2073 83 1.79 2.08 0.86 

22 2130 34 1.12 1.61 0.7 

23 2120 117 1.65 2.2 0.75 

24 2113 155 1.69 2.2 0.77 

25 2110 169 1.45 1.79 0.79 

26 2126 88 1.46 1.95 0.75 

27 2125 79 1.25 1.61 0.77 

28 1957 104 1.03 1.61 0.64 

29 1940 112 1.97 2.3 0.86 
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Quadrat 
No. 

Altitude 
(m) Richness

Diversity index 
(H') H'max 

Evenness J 
(H'/H'max) 

30 1932 130 1.76 2.2 0.8 

31 1923 137 2.02 2.3 0.88 

32 1984 132 1.87 2.2 0.85 

33 2018 71 1.76 1.95 0.91 

34 2031 106 2.11 2.3 0.92 

35 2000 86 1.73 2.2 0.79 

36 1980 119 1.74 2.2 0.8 

37 1971 78 1.07 2.08 0.51 

38 2142 48 1.54 1.95 0.79 

39 2179 77 1.07 1.39 0.77 

40 2185 78 1.98 2.3 0.86 

The value of Shannon -Wiener Diversity Index (H’) of the whole vegetation of this study area was 2.30 

with the evenness or equitability value (J) of 0.66 (Table 10). 

Table 10: The Shannon Wiener diversity index in the study area

Tree Species Ni Pi Lnpi Pi*lnpi 

Acacia albida  499 0.1407 -1.9613 -0.2759 

Acacia decurrens  19 0.0054 -5.2294 -0.0280 

Acacia etbaica subsp. etbaica   23 0.0065 -5.0384 -0.0327 

Acacia sieberiana  30 0.0085 -4.7727 -0.0404 

Allophylus abyssinicus  307 0.0866 -2.4470 -0.2118 

Aningeria adolfi-friedericii  13 0.0037 -5.6089 -0.0206 

Balanites aegyptiaca  3 0.0008 -7.0752 -0.0060 

Calpurnia aurea 16 0.0045 -5.4013 -0.0244 

Canthium  oligocarpum  6 0.0017 -6.3821 -0.0108 

Carissa edulis 230 0.0648 -2.7358 -0.1774 

Casuarina equisetifolia 1 0.0003 -8.1739 -0.0023 

Clerodendron  myricoides 5 0.0014 -6.5644 -0.0093 
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Tree Species Ni Pi Lnpi Pi*lnpi 

Croton  macrostachyus 5 0.0014 -6.5644 -0.0093 

Cupressus lusitanica 25 0.0070 -4.9550 -0.0349 

Dodonaea  anguistifolia  273 0.0770 -2.5644 -0.1974 

Ehretia cymosa 3 0.0008 -7.0752 -0.0060 

Eucalyptus camaldulensis 94 0.0265 -3.6306 -0.0962 

Euclea  divinorum  159 0.0448 -3.1050 -0.1392 

Grewia bicolor  1 0.0003 -8.1739 -0.0023 

Grewia  ferruginea  42 0.0118 -4.4362 -0.0525 

Jacaranda mimosifolia  4 0.0011 -6.7876 -0.0077 

Juniperus procera  29 0.0082 -4.8066 -0.0393 

Leucaena leucocephala  4 0.0011 -6.7876 -0.0077 

Maytenus  arbutifalia  126 0.0355 -3.3376 -0.1186 

  Myrsine Africana 31 0.0087 -4.7399 -0.0414 

Olea europaea  subsp. cuspidata 1061 0.2991 -1.2069 -0.3610 

Osyris quadripartita  33 0.0093 -4.6773 -0.0435 

Pittosporum  viridiflorum  487 0.1373 -1.9856 -0.2726 

Premna  schimperi 10 0.0028 -5.8713 -0.0166 

Prunus  africana   5 0.0014 -6.5644 -0.0093 

Psydrx schimperiana 2 0.0006 -7.4807 -0.0042 

Rosa abyssinica  1 0.0003 -8.1739 -0.0023 

Total 3547 1.0000 0.0000 0.0000 

  H' 2.3012 

  H'max 3.4657 

  J 0.6640 

Where   Ni = No. of individuals of species i, Pi = fraction of the entire population made up of species i, ln = 

Natural logarithm, H’ = the Shannon diversity index, H’max= lnS, S = number of species in the study site, 

J = Evenness or Equitability.  
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4.1.4 Regeneration Status of Weiramba Forest 

From the 32 representative woody species, a total of 1635 (23%) seedlings/ha, 1116 (15%) saplings/ha and 

4434 (62%) mature individuals/ha were recorded (Appendix 14). Accordingly, seedlings and Sampling 

populations were less than matured individuals. The ratio of seedling and sapling to the parent plant was 

1:0.37 and 1:0.25, respectively.    

The different woody species encountered in the forest have different density of seedlings and saplings. Ac-

cordingly, Dodonaea anguistifolia, Euclea divinorum and Myrsine Africana were with highest density of 

sapling/ha. Myrsine Africana, Euclea divinorum and Dodonaea anguistifolia were with the highest number 

of seedlings/ha in the study area (Figure 9).  

Figure 9: Sapling and Seedling numbers of each species
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Figure 10: Density percentage of seedlings, saplings and mature of tree species in the study area

The selected woody species in the area were grouped in to three on the basis of their seedling and sapling 

densities /ha in order to ensure conservation measures through prioritization to promote healthy regenera-

tion and the sustainable use of these species.  (I= species with no seedling and sapling, II= species with no 

sapling but < 5 seedlings/ha III= seedlings >5 but <10 individuals/ha and saplings > 1 but < 5 individuals) 

(Table11).  

Table 11:  Regeneration status of different Woody species and their groups for conservation priority 

in Weiramba Forest

Priority Class 
Family 

Priority class I 
Acacia etbaica subsp. Etbaica Fabaceae 

Grewia bicolor Tiliaceae 

Psydrx schimperiana Rubiaceae 

Balanites aegyptiaca Balanitaceae 

Ehretia cymosa Boraginaceae 

15%

23%

62%

Sapling, Seedling and Mature (%)

Sapling

Seedling

Mature
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Jacaranda mimosifolia Bignoniaceae 

Leucaena leucocephala Fabaceae 

Croton  macrostachyus Euphorbiaceae 

Prunus  Africana Rosaceae 

Aningeria adolfi-friedericii Sapotaceae 

Calpurnia aurea Fabaceae 

Juniperus procera Cupressaceae 

Priority class  II 
Calpurnia aurea Fabaceae

Priority class III 

Grewia  ferruginea Tiliaceae

4.1.5 Biomass Stock in Above Ground and Below Ground  

The mean above ground biomass (AGB) and below ground biomass (BGB) was 304.65±171.49 and 

82.26±46.30 t/ha, respectively. The minimum and maximum AGB was 19.17 and 665.29 t/ha, respectively. 

The minimum and maximum BGB of the study site was 5.18 and 179.63 t/ha, respectively (Table 14).

Figure 11: AGB and BGB versus Quadrats
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4.1.6 Carbon Stock in the Different Carbon Pools

4.1.6.1 Carbon Stock in Above Ground Biomass (AGC)

The minimum and maximum above ground carbon was 9.58

mean above ground carbon stock in the study site was 152.33

dard deviation 85.74 t/ha indicates that 

mean (66.59–238.07 t/ha). Then quadrat

about 66.59–238.07 t/ha. 

Figure 12: AGC and AG CO2 versus 

As Table 12 below shows, the largest carbon stock per species was observed in 

pidata (22.72 t/ha). Species such as Grewia 

showed high carbon stock per tree than the rest of species recorded in the forest, respectively. The least 

above ground carbon stock per tree were recorded for 

myricoides with a value of 5.40E-05

carbon stock per tree was 5.40E-05 and 

respectively. Similarly, a single tree could sink a mini

maximum of 1.16 tones showing a trend that is the same as that of above ground biomass. 
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Carbon Stock in the Different Carbon Pools

4.1.6.1 Carbon Stock in Above Ground Biomass (AGC)

ximum above ground carbon was 9.58 and 332.64 t/ha, respectively (Table 14

ock in the study site was 152.33±85.74 t/ha (Table 14). 

indicates that most quadrats have a carbon stock (ABC) within 

quadrats would have much more variable AGC, with a typ

versus Quadrats

below shows, the largest carbon stock per species was observed in Olea europaea

Grewia ferruginea, Casuarina equisetifolia and Juniperus procera
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Table 12: Mean AGB/tree, carbon stock/total tree, carbon/tree, CO2/total tree and CO2 per single tree species recorded from 

Weiramba Forest.

1 Acacia albida  499 27566.55 27.567 13783.28 13.7833 0.0276 50.585 0.1014 

2 Acacia decurrens  19 1270.28 1.270 635.14 0.6351 0.0334 2.331 0.1227 

3 Acacia etbaica subsp. Etbaica  23 1115.65 1.116 557.83 0.5578 0.0243 2.047 0.0890 

4 Acacia sieberiana  30 2710.10 2.710 1355.05 1.3551 0.0452 4.973 0.1658 

5 Allophylus abyssinicus  307 5081.57 5.082 2540.79 2.5408 0.0083 9.325 0.0304 

6 Aningeria adolfi-friedericii  13 345.40 0.345 172.70 0.1727 0.0133 0.634 0.0488 

7 Balanites aegyptiaca  3 39.61 0.040 19.81 0.0198 0.0066 0.073 0.0242 

8 Calpurnia aurea 16 92.42 0.092 46.21 0.0462 0.0029 0.170 0.0106 

9 Canthium  oligocarpum   6 132.26 0.132 66.13 0.0661 0.0110 0.243 0.0404 

10 Carissa edulis Vahl 230 2831.00 2.831 1415.50 1.4155 0.0062 5.195 0.0226 

11 Casuarina equisetifolia 1 297.58 0.298 148.79 0.1488 0.1488 0.546 0.5461 

12 Clerodendron  myricoides 5 15.00 0.015 7.50 0.0075 0.0015 0.028 0.0055 

13 Croton  macrostachyus  5 34.50 0.035 17.25 0.0173 0.0035 0.063 0.0127 
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14 Cupressus lusitanica  25 1716.50 1.717 858.25 0.8583 0.0343 3.150 0.1260 

15 Dodonaea  anguistifolia  273 5281.00 5.281 2640.50 2.6405 0.0097 9.691 0.0355 

16 Ehretia cymosa 3 159.00 0.159 79.50 0.0795 0.0265 0.292 0.0973 

17 Eucalyptus camaldulensis 94 3825.00 3.825 1912.50 1.9125 0.0203 7.019 0.0747 

18 Euclea  divinorum  159 2909.50 2.910 1454.75 1.4548 0.0091 5.339 0.0336 

19 Grewia  ferruginea 1 629.90 0.630 314.95 0.3150 0.3150 1.156 1.1559 

20 Grewia bicolor  42 4.54 0.005 2.27 0.0023 0.0001 0.008 0.0002 

21 Jacaranda mimosifolia  4 136.20 0.136 68.10 0.0681 0.0170 0.250 0.0625 

22 Juniperus Procera 29 3297.30 3.297 1648.65 1.6487 0.0569 6.051 0.2086 

23 Leucaena leucocephala  4 49.60 0.050 24.80 0.0248 0.0062 0.091 0.0228 

24 Maytenus  arbutifalia  126 2072.75 2.073 1036.38 1.0364 0.0082 3.803 0.0302 

25 Myrsine Africana 31 118.86 0.119 59.43 0.0594 0.0019 0.218 0.0070 

26 
Olea europaea subsp. Cuspi-
data 1061 45434.40 45.434 22717.20 22.7172 0.0214 83.372 0.0786 

27 Osyris quadripartita  33 330.85 0.331 165.43 0.1654 0.0050 0.607 0.0184 

28 Pittosporum  viridiflorum  487 23598.00 23.598 11799.00 11.7990 0.0242 43.302 0.0889 

29 Premna  schimperi  10 445.00 0.445 222.50 0.2225 0.0223 0.817 0.0817 

30 Prunus  africana   5 179.50 0.180 89.75 0.0898 0.0180 0.329 0.0659 
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31 Psydrx schimperiana 2 81.90 0.082 40.95 0.0410 0.0205 0.150 0.0751 

32 Rosa abyssinica  1 1.44 0.001 0.72 0.0007 0.0007 0.003 0.0026 

  Mean   4118.85 4.119 2059.42 2.0594 0.0297 7.558 0.1089 



4.1.6.2 Carbon Stock in Below Ground Biomass (BGC)

The root biomass result, which helps to determine the carbon stock of the study site
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4.1.6.2 Carbon Stock in Below Ground Biomass (BGC)

oot biomass result, which helps to determine the carbon stock of the study site

trend as of the carbon stock in the above ground biomass. The present result showed that the highest 

below ground biomass was 179.63 t/ha and lowest biomass of 5.18 t/ha. The maximum below ground 

whereas the minimum below ground carbon stock was 2.59

tock of the study site was 41.13± 23.15 t/ha (Table 14). This carbon pool s
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4.1.6.4 Soil Carbon Stock (SOC)
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versus Quadrats

4.1.6.4 Soil Carbon Stock (SOC)

The soil organic carbon content was taken up to 40 cm depth. The soil of the forest floor was found 

with blackish to brownish color. The bulk density varies with th

as the depth increases the bulk density of the soil in the forest also gradually increases

bulk density of the soil profile found in the study site was ranged from 1.01

3 maximum value at the depth of 0-20 cm and 1.01 g/m

maximum value at the depth of 21-40 cm with the mean value of 1.07 

gm/cm3 at the depth of 21-40 cm, respectively (Table 13

the presence of organic matter in the soil mineral. 

Bulk density variation according to soil depth

Bulk density (gm/cm3) 

Mean BD Max. BD Min. BD 

1.26 1.01 

1.24 1.01 

The highest and the lowest soil carbon stock of the Weiramba forest ranges about 151.74 

cm and 190.49 and16.39 at the depth of 21-40
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pendix 7). The mean soil carbon stock of the study site was 63.39±32.38 t/ha in the 0-20 cm depth and 

65.72±39.55 t/ha in the 21-40 cm depth (Table 14). This soil carbon pool sequestered carbon dioxide 

with the maximum and minimum value of 556.89 t/ha and 53.58 t/ha in the depth of 0-20 cm and 

699.10 t/ha and 60.15 t/ha in the depth of 21-40 cm with mean value of 232.64±118.83 and 

241.20±145.14 t/ha, respectively (Appendix 7). 

Figure 15: SOC and S (CO2) versus quadrats in depth 0-20 cm

Figure 16: SOC and S (CO2) versus Quadrats in depth 21-40 cm

4.1.7 Total Carbon Stock of Weiramba Forest 

The total carbon stock of Weiramba forest ranged about the maximum 592.74 t/ha and minimum value 

of 113.84 t/ha. The mean carbon density in all carbon pools of the study site was 323.87±119.19 t/ha 

(Appendix 8). Overall, summary of mean biomass and carbon stock in all quadrats of the study site is 

shown in Table 14.
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Figure 17: Total Carbon per Quadrat
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Table 14: Summary of the maximum, minimum and mean biomass and carbon stock of different carbon pools of the study site

Different Carbon pools 

40 

304.65±171.49 152.33±85.74 82.26±46.30 41.13 ± 23.15 0.05±0.03 1.30±0.14 63.39±32.38 65.72±39.55

665.29 332.64 179.63 89.81 0.09 2.91 151.74 190.49 

19.17 9.58 5.18    2.59 0.01 0.14 16.60 16.39 
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4.1.8 Comparison of Carbon Density in the Different Carbon Pools  

The carbon stock value of the study site in different carbon pools showed different storage of carbon. 

Table 15 presents the amount of carbon stock in terms of percentage of above ground and below 

ground biomass, litter biomass and their carbon stocks and soil organic carbon. About 78.73% of the 

biomass was contained in above ground, while below ground biomass comprised 21.26% of the total 

biomass. It was found that about 0.01% of the biomass was contained in the litter. The carbon stock 

that was stored in the above ground biomass was 47.04 %, whereas 19.57 and 20.29 % were contained 

in the soil at the depth of 0-20 and 21-40 cm, respectively. The least amount of carbon was stored in 

litter carbon pool (0.40%) followed by below ground carbon pool 12.70 %). 

Table 15: Percent biomass and carbon density in different carbon pools

Parameter  Total quantity  (t/ha) Mean (t/ha) Percentage (%) 

AGB 12186.09 304.65 78.73 

BGB 3290.25 82.26 21.26 

LB 2.04 0.05 0.01 

AGC 6093.01 152.33 47.04 

BGC 1645.13 41.13 12.7 

LC 51.25 1.3 0.4 

SOC (0-20 cm) 2535.57 63.39 19.57 

SOC (21-40 cm) 2628.93 65.72 20.29 

 Biomass 15478.38 386.96 100 

 Carbon 12953.89 323.87 100 

4.1.9 Environmental factors versus Carbon Stock 

4.1.9.1 Carbon Stocks of Different Pools along Altitudinal Variation 

The presence of variation in altitudinal gradient affects the carbon stock of different pools in the for-

est. Values of the mean biomass and carbon stocks of different carbon pools for different altitude class 

are given in Table 16. The middle parts of altitude is high in above ground carbon stocks while the up-
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per and lower parts of altitude have low to moderate carbon stocks in above ground biomass. 162.04, 

163.27 and 111.35 t/ha carbon stocks were recorded at the lower, middle and upper altitude, respec-

tively.

Similar trend was shown in below ground biomass in which 43.77, 44.08 and 30.06 t/ha carbon stocks 

were recorded in the lower, middle and upper altitude, respectively with highest value found at the 

middle part of altitudinal classes followed by the lower and upper parts since it was obtained from the 

above ground carbon pool. But this was not very much significant at 95% confidence interval 

(F=0.965, P= 0.390) in AGC and (F=0.965, P=0.390) in BGC stocks (Appendix 16). 

In contrast to the aboveground and belowground biomass, the litter carbon density showed clear pat-

terns along the altitudinal gradient and reached higher in the upper altitude, lower in the lower altitude 

and moderate in middle altitude with the mean carbon value of 1.46, 1.05 and 1.36 t/ha, respectively; 

but, they were not statistically significant at α=0.05 (F=0.708, P=0.499).  

Similarly, soil pool carbon stock showed similar pattern to that observed carbon stock in the litter. The 

carbon stock in the soil pool was higher in upper altitude and lower in the lower altitude with moderate 

carbon stocks in the middle altitudinal classes. 38.07, 79.77 and 87.06 t/ha stocks of carbon were rec-

orded in the lower, middle and upper altitude, respectively in the soil pool (0-20 cm depth) and 38.23, 

82.65 and 90.12 t/ha stocks of carbon were recorded in the lower, middle and upper altitude, respec-

tively in the soil pool (21-40 cm depth) of Wieramba Forest. In contrast to litter, above and below 

ground carbon, they were statistically significant at α=0.05 (F= 16.024, P= 0.000) in SOC (0-20 cm 

depth) stocks and SOC (21-40 cm depth) which has a value of (F=8.669, P= 0.001)  

The total carbon stocks density of each carbon pools (above and below ground, litter and soil carbon) 

in different altitude classes of the study area were varied with the altitude classes. As it is indicated by 

table 16, the middle part of the altitude contains more carbon stock (371.14 t/ha), followed by the up-

per (320.05 t/ha) and the lower altitudinal gradient (283.21 t/ha).  
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Table 16: Mean carbon stock (t/ha) in above ground, below ground, litter biomass and soil along 

altitudinal gradient

Altitude 
class 

Altitude 
range (m) 

AGC BGC LC 
Total 

carbon 
(t/ha) 

Lower 1923-2023 324.19 162.09 87.53 43.77 0.04 1.05 38.07 38.23 283.21 

Middle 2024-2124 326.54 163.27 88.17 44.08 0.05 1.36 79.77 82.65 371.14 

Higher 2125-2225 222.70 111.35 60.13 30.06 0.06 1.46 87.06 90.12 320.05 

4.1.9.2 Carbon Stocks of Different Pools and Aspect 

Aspect was another parameter that affects the carbon stocks above ground biomass, below ground 

biomass, litter and soil through which the direction of the quadrats were found to determine in which 

direction the highest and lowest carbon stocks is found in the study forest. Based on the result that ob-

tained, the mean AGC stock was lowest in W (9.58 t/ha) and highest in N (183.00 t/ha). Similar trend 

was observed for carbon stocks in below ground carbon pool with the highest value 49.41 t/ha in North 

(N) direction and the lowest value 2.59 t/ha in West (W) direction.  

 The highest carbon stock in litter biomass was recorded in the North East (NE) 26.95 t/ha and the 

minimum carbon stock (0.67 t/ha) was recorded in South West (SW) aspect. The carbon stocks in soil 

(0-20 cm depth) was recorded the minimum value in East (E) 22.16 t/ha and the maximum value 95.56 

t/ha in South West (SW) direction. On the other hand, the minimum (28.59 t/ha) and maximum 

(600.10 t/ha) values of SOC in the 21-40 cm depth were recorded the in the East (E) and in the North 

West (NW) direction, respectively (Table 17). Statistically, it was not recorded a significant difference 

in all carbon pools of the forest carbon stocks at 95% confidence interval (α=0.05) among aspects 

(F=1.768, p=0.146) in above and below ground carbon, (F=0.935, P= 0.471) in litter carbon, (F=0.446, 

P=0.813) in soil organic carbon at depth 0-20 cm and (F= 0.371, P=0.865) in soil organic carbon at 

depth 21-40 cm (Table 4.8). In general, the mean minimum and maximum total carbon stock was rec-

orded on West (W) 113.61 t/ha and North West (NW) 853.30 t/ha aspect, respectively (Table 17). All 

the aspects of study site showed a trend of SOC (0-20 cm) as SW> N > NW > NE > W > E and a trend 

of SOC (21-40 cm) as NW >SW >N >NE >W >E. 
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Table 17: Mean carbon stock (t/ha) in above ground, below ground, litter biomass and soil with 

different aspects

Aspects 
(facing)

AGC 
(t/ha) 

BGC 
(t/ha) 

LC (t/ha)
SOC  

(0-20 cm) 
SOC  

(21-40 cm) 
Total carbon 

(t/ha) 

N 183.00 49.41 25.71 68.68 71.71 398.52 

NE 127.47 34.42 26.95 51.71 57.70 298.24 

NW 128.11 34.59 24.50 65.99 600.10 853.30 

SW 68.01 18.36 0.67 95.56 85.60 268.21 

E 154.49 41.71 22.27 22.16 28.59 269.22 

W 9.58 2.59 15.29 49.30 36.85 113.61 

4.1.9.3 Carbon Stocks of Different Pools and Slope 

Likewise, the slope gradient was also another factor that influences the carbon stock of the study area. 

The mean above ground carbon stock was high in middle slope class which is 171.05 t/ha, whereas the 

lower and the higher slope classes ranges from 149.91 and 138.75 t/ha, respectively. Similarly, the be-

low ground carbon pool showed an increasing trend in carbon stock in middle slope 46.18 t/ha, and the 

lower and higher slope class showed a decreasing trend which recorded 40.48 and 37.46 t/ha, respec-

tively. But this was not statistically significant at α=0.05 (F=0.441, P=0.647) in above ground carbon, 

(F=0.441, P=0.647) in below ground carbon, (F=0.231, P=0.795) in litter carbon stock and (F=1.772, 

P=0.184) in soil organic carbon (0-20 cm depth) but the difference was significant (F=4.743, P=0.015) 

for soil organic carbon (21-40 cm depth) along the slope gradient (Appendix 16).  

Similar to the above and below ground carbon, the litter carbon stock of the study site had the highest 

carbon stock at the middle slope gradient (27.43 t/ha) followed by the lower slope gradient (26.31 t/ha) 

and the higher slope gradient (22.82 t/ha) (Table 18). In the case of soil organic carbon (0-20 cm), the 

middle slope class recorded high amount of organic carbon (71.92 t/ha) followed by the higher slope 

class (69.13 t/ha) and the lower class of slope (49.86 t/ha). Unlike that of the SOC (0-20 cm depth), 

the SOC (21-40 cm depth) of the study site had showed relatively increasing trend with an increase in 

slope gradient. Accordingly, the maximum mean carbon stock was recorded in higher slope and the 
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minimum was in the lower slope class. 42.07, 69.54 and 80.27 t/ha carbon stocks were recorded in the 

lower, middle and higher slope classes, respectively in the soil pool (21-40 cm).   

Overall, the total carbon stock density of all carbon pools (above and below ground, litter and soil car-

bon) along slope gradient of the study area was varied. Accordingly, the maximum and minimum total 

carbon stock was recorded in middle (386.12 t/ha) and lower slope gradient (308.62 t/ha). The higher 

slope class has a total carbon stock value of 348.43 t/ha. In all carbon pools except SOC (21-40 cm), 

there was no any significance difference in carbon stocks of the forest at 95% confidence interval 

(α=0.05) with slope factor. 

Table 18: Mean carbon stocks (t/ha) in different pools with respect to slope gradient

Table 19: Summary of values of significance for one-way ANOVA between the three environ-

mental variables (altitude, aspect and slope gradient) for different pools carbon stock.

Environmental Variables Carbon pools F-value P-value 

ALTITUDE 

AGC .965 .390 

BGC .965 .390 

LC .708 .499 

SOC (0-20 cm) 16.024 .000 

SOC (21-40 cm) 8.669 .001 

ASPECT 

AGC 1.768 .146 

BGC 1.768 .146 

LC .935 .471 

SOC (0-20 cm) .446 .813 

SOC (21-40 cm) .371 .865 

Slope 
class 

Slope 
range 
(%) 

AGC 
(t/ha) 

BGC 
(t/ha) 

LC 
(t/ha) 

SOC  Total 
carbon 
(t/ha) 

 (0-20 cm) (21-40 cm) 

Lower 25-60 149.91 40.48 26.31 49.86 42.07 308.62 

Middle 60.1-75 171.05 46.18 27.43 71.92 69.54 386.12 

Higher >75 138.75 37.46 22.82 69.13 80.27 348.43 
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Environmental Variables Carbon pools F-value P-value 

SLOPE 

AGC .441 .647 

BGC .441 .647 

LC .231 .795 

SOC (0-20 cm) 1.772 .184 

SOC (21-40 cm) 4.743 .015 

**Bold values are significant at the p < 0.05 level  

4.1.10 Correlation between carbon stock and tree/shrub species diversity 

Biodiversity is one important issue in the management of forests for carbon dioxide sequestration and 

carbon stock purposes. It is generally required if there is direct relationship between diversity and car-

bon stock, so that the carbon stock management and biodiversity conservation can go hand in hand 

(Habtamu Assaye, 2014). As shown in Table 20, the Shannon Wiener diversity index at quadrat level 

is greater than 1.5 for most quadrats. 

Table 20: Tree species diversity and carbon stock

Quadrat No. t carbon/ha t CO2/ha Diversity index (H') 
1 151.16 554.76 2.24 
2 130.89 480.37 1.5 
3 228.93 840.17 1.19 
4 212.21 778.81 1.54 
5 207.34 760.94 1.86 
6 113.84 417.79 1.73 
7 223.99 822.04 1.59 
8 254.07 932.44 2.01 
9 215.06 789.27 1.95 
10 449.42 1649.37 1.8 
11 212.02 778.11 1.63 
12 273.78 1004.77 1.83 
13 364.95 1339.37 1.32 
14 307.19 1127.39 2.09 
15 333.98 1225.71 1.91 
16 173.19 635.61 1.69 
17 301.93 1108.08 1.9 
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Quadrat No. t carbon/ha t CO2/ha Diversity index (H') 
18 338.5 1242.30 1.96 
19 364.31 1337.02 1.67 
20 498.62 1829.94 1.59 
21 366.66 1345.64 1.79 
22 298.87 1096.85 1.12 
23 592.74 2175.36 1.65 
24 569.01 2088.27 1.69 
25 536.54 1969.10 1.45 
26 411.57 1510.46 1.46 
27 327.07 1200.35 1.25 
28 383.98 1409.21 1.03 
29 327.21 1200.86 1.97 
30 293.96 1078.83 1.76 
31 474.34 1740.83 2.02 
32 338.66 1242.88 1.87 
33 218.24 800.94 1.76 
34 497.31 1825.13 2.11 
35 370.6 1360.10 1.73 
36 436.73 1602.80 1.74 
37 186.27 683.61 1.07 
38 284.57 1044.37 1.54 
39 330.5 1212.94 1.07 
40 353.68 1298.01 1.98 

As the result showed, the pearson’s r correlation coefficient r = 0.019. In the contrast of 

correlation r value, the p value is higher, p = 0.907 which is greater than α = 0.05 (Table 

21). 

Table 21: Pearson’s correlation result between species diversity and carbon Stock 

Diversity (H') t CO2/ha 

Diversity 

(H') 

Pearson Correlation 1 .019

Sig. (2-tailed) .907

N 40 40

t CO2/ha 

Pearson Correlation .019 1

Sig. (2-tailed) .907

N 40
40
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Figure 18 shows the correlation result between tree/shrub species diversity and carbon stock of Wei-

ramba Forest.   

Figure 18: Correlation of tree/shrub species diversity and carbon stock.
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4.2 Discussion 

4.2.1 Woody Species Composition and Vegetation Structure  

4.2.1.1 Woody Species Composition 

Weiramba Forest is characterized by species like Juniperus procera, Olea europaea subsp. cuspidata, 

Rosa abyssinica, etc. and it had different species composition, DBH, height, density and frequency. In 

addition, the altitudinal range of this study forest (1923-2225 m) found within the altitudinal range for 

dry evergreen afromontane forest (1500-3400 m). Thus, due to these conditions the Weiramba Forest 

undergoes to dry evergreen afromontane forest. 

Woody Species composition of the given vegetation can be described in terms of its richness in spe-

cies, abundance, dominance, and frequency (Lamprecht, 1989). In this study, a total of 32 woody spe-

cies, belonging 28 genera and 20 families, were encountered on 40 quadrats (Appendix 12 and 13). 

Fabaceae is the most dominant family with 3 (11.11%) genera and 6 (19.35%) species followed by 

Cupressaceae, Myrtaceae, Rubiaceae, Sepindaceae which each has 2 (7.4%) genera and 2 (6.45%) 

species. The total woody plant species reported in the study forest (32 woody species) is lower than 

the range of other dry afrmontane forests of Ethiopia (87 species) (Haile Adamu, 2012), (70 species) 

(Semere Beyene, 2010), (44 species) (Kidanemariam Kassahun, 2014; Lemmessa Kumssa, 2010); 

however, the reported woody plant species richness in the present study is almost comparable to (34 

species) (Adugna et al., 2013) and higher than (24 species) (Biniam Alemu, 2012). The reasons for 

low species number might be due to the dominance of few tree species (Olea europaea subsp. cuspi-

data, Acacia albida) over the others i.e. species lack equal chances for competition and human or ani-

mal disturbances. 

According to Kent and Coker (1992), the Shannon Weiner index is the most frequently used for the 

combination of species richness and relative abundance. A value of the index of Shannon -Weiner 

usually lies between 1.5 and 3.5 although in exceptional case, the value can exceed 4.5 (Pielou, 1969). 

The result of Shannon-Wiener Diversity computed for fourty different quadrats showed that quadrat 1 

is the most diverse (H’=2.24) and quadrat 14 has a maximum evenness value (J=1) with diversity in-

dex (H’) value of 2.09 indicating that the vegetation around this quadrat is more or less diverse and 
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has high species evenness as a result, the vegetation is expected to be natural with less human inter-

vention.  

As indicated in table 9, Quadrat 15 has the highest number of species (H’max=2.49) with less diversi-

ty index value (H’=1.91) compare to quadrat 1,8,9,14,18,29,31,34 and 40, whereas quadrat 39 has the 

least number of species (H’max=1.39). Quadrat 28 has the least even diversity (H’=1.03) due to the 

dominance of Olea europaea subsp. cuspidata. Magurran (1988) stated that the term diversity actually 

consists of species richness and relative abundance (evenness or unevenness). Therefore, quadrat 20 

and 25 vegetation and around these quadrats are the highest in species richness, whereas the vegetation 

of quadrat 6 and around quadrat 6 is the least one comparatively because of the local people highly 

threatened the forest for agricultural expansion, construction materials, fuel wood and rearing domes-

tic animals.  

The reason why quadrats 20 and 25 have the highest species richness is that it is relatively better pro-

tected under the District Agricultural Office. Furthermore, the value of Shannon -Wiener Diversity 

Index of this study area occurs between 1.03 (quadrat 28) and 2.24 (quadrat 1). The reason for this low 

diversity (quadrat 28) could be due to anthropogenic factors, topographic and/or biological, whereas 

high species diversity was probably attributed to the existence of preference of environmental gra-

dients/ecological to which the biotic community interacts.  The higher the value of J, the more even 

the species is in their distribution. Thus, quadrat 14 has the highest even distribution (J=1), whereas 

quadrat 37 has the least even distribution (J=0.51) when it compare with other quadrats (Table 9).  

In general,  as the vegetation lies along the margin of the forest (easily accessible), anthropogenic im-

pacts such as selective removal of economically important trees, grazing by live stock  and other envi-

ronmental factors such as aspect, slope, etc. could contribute for low species richness, Evenness and 

diversity. For example, live stocks were observed in the forest margin during field study.

Overall, the value of Shannon -Wiener Diversity Index (H’) of the whole vegetation of Weiramba is 

2.30 with the evenness or equitability value (J) of 0.66 (Table 10). From this result, one may infer that 

the study area is good in Woody Species diversity and richness with more or less even representation 

of individuals of all species encountered in the studied quadrats.
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4.2.1.2 Vegetation Structure 

Information on the species structure and composition of a forest is essential for its wise management 

interms of economic value, regeneration potential (Wyatt-Smith, 1987) and ultimately may be leading 

to conservation of biological diversity (Verma et al., 1999). Species-abundance measures are ways of 

expressing not only the relative richness but also evenness and thereby assessing diversity (Barnes et 

al., 1998). In this study, the totals of 3547 individual were found in a sampled area (Appendix 2). Olea 

europaea subsp. cuspidata, Acacia albida, Pittosporum viridiflorum, Allophylus abyssinicus and Do-

donaea anguistifolia were contributed for the largest proportion of tree species density, whereas Gre-

wia ferruginea and Rosa abyssinica were poorly reckoned in this regard. 

Overall, only few species were dominating the study forest in their abundance while many of the spe-

cies were very rare or low in their abundance. Such a result reflects either adverse environmental sit-

uations (e.g. high temperature, low rainfall regime, human impacts in the form of intensive logging, 

livestock trampling and grazing, biotic and a abiotic impairments) or random distribution of available 

resource in the forest according to (Miranda et al., 2002 as cited in Feyera Senbeta et al., 2007). On 

the other hand, the reason of predominance of small individuals in study forest might be due to the 

dominance of Olea europaea subsp. Cuspidate and Acacia albida over the others i.e. species lack 

equal chances for competition.

Analysis based on relative density distribution by DBH and height classes carried out for tree species 

of the forest site showed different patterns. Different patterns of species population structure can indi-

cate variation in population dynamics (Adugna et al., 2012). The distribution of the forest species in 

the present study showed high number of individuals in the second DBH classes, whereas small values 

in the rest classes.  

The ratio of the density of individuals with DBH >10 cm to those greater than 20 cm showed the dis-

tribution of size classes (Grubb et al., 1963). This ratio is high (11.94) for the Weiramba Forest, indi-

cating high variation between the small-sized and large –sized stems. On the other hand, the a/b ratio 

in Weiramba  Forest  indicates  the  predominance  of  small  sized  tree individuals which indicates 

the forest was under heavy degradation and in a stage of secondary development. The ratio of density 

of trees with DBH greater than 10 cm to DBH greater than 20 cm reported in the study forest (11.94) 

is higher than other dry afrmontane forests of Ethiopia as shown in Table 21. 
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Table 22: Comparison of tree density of Weiramba and other dry evergreen montane forests in 

Ethiopia 

Forest DBH > 10 cm (a) DBH > 20 cm (b) a/b 

Chilimo    638 250 2.6 

Menagesha Suba 482 208 2.3 

Wof-Washa 329 215 1.5 

Denkoro 526 285 1.9 

Dodola 521 351 1.5 

Dindin 437 219 1.9 

Angada 372.8 252 1.47 

Menagesha Amba Mariam 155.5 197 0.8 

Weieramba (present study) 1343 113 11.94 

Sources: Tamirat Bekele (1994); Kitessa Hundera (2003), Abate Ayalew et al. (2006); Simon Shibru 

and Girma Balcha (2004), Abiyou Tilahun (2009) and Shambel Alemu (2011). 

As indicated in Table 21, a/b ratio of Weiramba Forest is higher than all other forests. This indicates 

that there is predominance of small-sized individuals for some species in Weiramba Forest, than other 

forests, which is largely due to the high density (dominance) of Olea europaea subsp. cuspidata, Aca-

cia albida and Pittosporum viridiflorum over the others i.e. species lack equal chances for competition 

(for sun light, food, water) and human impacts in the form of intensive logging. On the other hand, 

there is predominance of large-sized individuals for other forests than study Forest.  

The distribution of all individuals in different DBH and height classes showed relatively a Bell-shape 

distribution, which revealed that a type of frequency distribution in which a number of individuals in 

the middle classes were high, and decreased towards the lower and higher diameter classes. On the 

contemporary, Bell-shape pattern is the reflection of a discontinuous or irregular recruitment. Human 

disturbance, livestock trampling or browsing, and some other biotic and abiotic impairment might be 

the problems which caused for the species being retard from its normal recruitment status in the area. 

Species which are higher in DBH or height and important in providing timber, fencing or fuel wood 

services for local farmers can be cut by local farmers.  
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 Competition between species can be the cause of hampered regeneration status of the species. Ac-

cording to Feyera Senbeta et al. (2007), Bell shape pattern indicates a poor reproduction and recruit-

ment of species which may be associated with intense competition from the surrounding trees. Gener-

ally, the above reasons might be the causes that made the distribution pattern of the study forest being 

Bell-shape. Height can be used as an indicator of age of the forest in which the older trees are found in 

higher height classes compared to the lower classes. These classes had low percentage distribution.   

Frequency is the indication of homogeneity and heterogeneity of given vegetation in which the higher 

number of species in higher frequency classes and low number of species in lower frequency classes 

shows similar species composition while large number of species in lower frequency classes and small 

number of species in higher frequency classes indicates higher hetrogeneity of a stand (Haileab Ze-

geye et al., 2006; Lamprecht, 1989). According to Lambrecht (1989), the species that appear in lower 

frequency classes have irregular occurrence, whereas those appearing in higher frequency classes have 

regular horizontal classes. Similarly, the present study revealed that there is high percentage of number 

of species in lower frequency classes and low percentage of number of species in higher frequency 

classes. This indicates that the forest under the study has high degree of Woody Species heterogeneity 

and low homogeneity. And in other words, it can be concluded as there were fairly presences of many 

species in most of the quadrats. These may be due to the fact that these species might have a wide 

range of seed dispersal mechanisms like by wind, livestock, wild animal, birds and the like.   

The normal basal area value for virgin tropical forests in Africa is 23–37 m2/ha (Dawkins, 1959 cited 

in Lamprecht, 1989). Thus, the basal area value of Weiramba Forest (32.10 m2/ha) is within the nor-

mal range (Table 5). Basal area provides a better measure of the relative importance of the species 

than simple stem count (Cain and Castro, 1959; cited in Tamirat Bekele, 1994). Thus, species with the 

largest contribution to BA can be considered as the most important species in the forest. In this study, 

basal area analysis across individual species revealed as there was high domination by very few spe-

cies. Accordingly, the most ecologically important tree species in Weiramba Forest were Olea euro-

paea subsp. cuspidata, Acacia albida, Pittosporum viridiflorum, Allophylus abyssinicus and Dodo-

naea anguistifolia because of their higher relative density and frequency. Olea europaea subsp. cuspi-

data was the leading dominant in this regard.  
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Although species like Grewia bicolor, Myrsine Africana have high density, their basal area is not as 

high as Cupressus lusitanica, Acacia sieberiana and Premna schimperi which have low density (Table 

5). This might be due to the nature of the plants not to grow to higher Basal Area. This also indicates 

that species with the highest basal area do not necessarily have the highest density, indicating size dif-

ference between species (Tamrat Bekele, 1994; Simon Shibru and Girma Balcha, 2004; Dereje Denu, 

2006; Birhanu Kebede, 2010).   

When we compare the BA of Weiramba Forest with other Ethiopian afromontane forests, it is lower 

than Yemrehane Kirstos (72 m2/ha) (Amanuel Ayanaw, 2016), Masha Anderacha (49.80 m2/ha) (Ku-

melachew Yeshitela and Taye Bekele, 2003), Komto (50.72 m2/ha) (Fekadu Gurmessa, 2010), Chato 

(65.8 m2/ha) (Feyera Abdena, 2010), Gura Ferda (69.90 m2/ha) (Dereje Denu, 2006), Angada (79.8 

m2/ha) (Shambel Alemu, 2011) and more or less comparable with Gura Lopho (29.63 m2/ha ) (Lemes-

sa Kumsa, 2010), Chilimo (30.19 m2/ha) (Tamrat Bekele, 1994), Jima (33 m2/ha) (Fufa Kenea, 2008), 

Gedo (35.5 m2/ha) (Birhanu Kebede, 2010). But it is higher than that of Yangudi-Rassa (3.12 m2/ha) 

(Semere Beyene, 2010), Beschillo and Abay (12.6 m2/ha) (Getaneh Belachew, 2006), Boditi (23 

m2/ha) and Adelle (26 m2/ha) (Haile Yinger et al., 2008) (Table 22). 

Table 23: Comparison of Weiramba Forest with other thirteen Etiopian dry afromantane forests 

regarding with basal area

Forest Basal Area (m2/ha)         Source 

Angada 79.8 Shambel Alemu ( 2011) 

Yemrehane Kirstos 72 Amanuel Ayanaw (2016) 

Gura Ferda 69.9 Dereje Denu (2006) 

Chato   65.8 Feyera Abdena (2010) 

Komto  50.72 Fekadu Gurmessa (2010) 

Masha Anderacha 49.8 Kumelachew Yeshitela and Taye 
Bekele (2003) 

Gedo 35.5 Birhanu Kebede (2010) 

Jima 33 Fufa Kenea (2008) 

Chilimo 30.19 Tamrat Bekele (1994) 

Gura Lopho  29.63 Lemessa Kumsa (2010) 
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High density and high frequency coupled with high BA indicates the overall dominant species of the 

forest (Lamprecht, 1989; cited in Birhanu Kebede, 2010). Accordingly, Olea europaea subsp. cuspi-

data, Acacia albida and Pittosporum viridiflorum are the top three dominant species of the forest since 

all the three are found in the top five of the ranks of basal area, relative density, relative frequency and 

IVI per hectare of the ten top dominant species (Table 6 and 7 ). 

Importance Value Index (IVI) combines data from three parameters which include RF, RD and RDO 

(Kent and Coker, 1992; cited in Birhanu Kebede, 2010). Lamprecht (1989) also noted that the IVI is

useful to compare the ecological significance of species. It was also stated that species with the great-

est importance value are the leading dominant of specified vegetation (Simon Shibru and Girma Bal-

cha, 2004). Thus, the 10 leading dominant and ecologically most significant trees in Weiramba Forest 

are Olea europaea subsp. cuspidata, Acacia albida, Pittosporum viridiflorum, Allophylus abyssinicus, 

Dodonaea anguistifolia, Carissa edulis, Euclea divinorum, Maytenus arbutifalia, Eucalyptus camal-

dulensis and Grewia ferruginea together contributed about 266 or 88.67 % from the total of 300.00 

IVI value (Table 7).  

About 62.45% of the IVI was attributed by Olea europaea subsp. cuspidata, Acacia albida, Pittospo-

rum viridiflorum, Allophylus abyssinicus. The reason why they have higher IVI value is that they have 

higher relative density, relative frequency and relative abundance relative to other species in the forest 

(Table 8). The leading dominant and ecologically most significant species might also be the most suc-

cessful species in regeneration, pathogen resistance, preference by browsing animals (least preferred), 

attraction of pollinators and attraction of seed predators that facilitate seed dispersal within the existing 

environmental conditions (Fufa Kenea, 2008: cited in Birhanu Kebede, 2010).  

IVI analysis is used for setting conservation priority (Fekadu et al., 2011). Those species which re-

ceive lower IVI values need high conservation efforts while those with higher IVI values need moni-

Forest Basal Area (m2/ha)         Source 

Adelle 26 Haile Yinger et al. (2008) 

Boditi 23 Haile Yinger et al. (2008) 

Beschillo and Abay 12.6 Getaneh Belachew (2006) 

Yangudi-Rassa  3.12 Semere Beyene (2010) 
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toring management. Concerning the IVI species that should be given priority 1 (Table 8) should get 

the uppermost conservation priority since these are at risk of local extinction.  

The type, composition, distribution and density of seedlings and saplings indicate the future regenera-

tion status of the forest. The various studies showed that open canopy might be in favor of seed germi-

nation and seedling establishment through increased solar radiation on the forest floor (Khan et al., 

1987; Kadavul et al., 1999). The present study result of seedling and sapling to the parent plant ratio 

showed that the distribution of mature individuals is greater than seedlings and sapling indicates that 

the regeneration status of the forest is at low state. Compared to matured individuals, there were less 

sapling populations implying the perishing off of most seedlings before reaching sapling stage due to 

factors such as closed canopy, human intervention, browsers, grazers, Climatic and nature of the 

seeds. 

One of the criteria to establish conservation priority classes among species in Weiramba Forest is the 

description of the regeneration status. Regeneration is a critical phase of forest management, because it 

maintains the desired species composition and stocking after disturbances (Duchok et al., 2005). The 

Current study results showed that Myrsine Africana, Euclea divinorum, and Dodonaea anguistifolia 

species have high regeneration status. 

 Conversely, gaps between mature tree species composition and the seedlings and saplings were rec-

ognized since most mature tree species lack seedlings and saplings. This implies a need to develop and 

implement effective forest management Regimes in the area. On the other hand, the situation calls for 

conservation measures through prioritization. To ensure this, the woody species in the area were 

grouped in to three on the basis of their seedling and sapling densities/ha. As the present study result 

showed, Conservation activity should first focus on the species under Priority Class I and treats them 

as the first priority species to be conserved since they lack both seedlings and saplings. Priority Class 

II, lack sapling and small seedling number, should come next and then III (Table 11). 

4.2.2 Carbon Stock in Different Carbon Pools 

4.2.2.1 Biomass Potential of Weiramba Forest in different Carbon Pools 

Forest has a large potential for temporary and long term carbon storage (Houghton, 2001). In the forest 

ecosystems, greater carbon is stored in a large, long-lived species and in species with dense wood. Si-
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milarly, the current study of the site indicates unbalanced tendency of carbon stock input in the above 

ground. Species such as Olea europaea subsp. cuspidata, Grewia ferruginea, Casuarina equisetifolia 

and Juniperus procera contributed for the large amounts of biomass and carbon stocks while Grewia 

bicolor, Rosa abyssinica and Clerodendron myricoides had less contribution. This unequal contribu-

tion of species to carbon stock of the forest site is could probably be due to the density, age and size 

difference among species.

While comparing with other studies, the mean carbon stock in above and belowground biomass of 

Weiramba forest was lower than Arba Minch Ground Water Forest (Belay Melese et al., 2014) and 

Tara Gedam Forest (Mohammed Gedefaw, 2013). This is due to the reason that other studies were 

conducted in trees with larger DBH and height than that of Weiramba forest. The study result in dif-

ferent forest and different tree species in Ethiopia showed as age of tree increase, DBH, basal area and 

biomass also increase (Negash Mamo et al., 1995 and Negash Mamo, 2007). The DBH and height of 

trees/shrubs in Weiramba Forest were small. However, it’s mean carbon stock was higher than those 

reported from Menagasha Suba State Forest (Mesfin Sahile, 2011) and selected church forests in Ad-

dis Ababa (Tulu Tolla, 2011) (Table 4.18).  Generally, the mean above ground carbon values recorded 

in the study sites were above two fold the values recommended by IPCC for tropical dry forest 65.00 

t/ha (IPCC, 1997c). According to different literature,Global above ground carbon in tropical dry and 

wet forests ranged between 13.5-122.85 t/ha and 95-527.85 t/ha, respectively (Murphy and Lugo, 

1986). Above ground carbon in Amazonian Brazil forests ranged between 145- 247.5 t/ha (Alves et 

al., 1997: cited in Tulu Tolla, 2011). Thus, the above ground carbon reported in the present study was 

found within the range recommended for various tropical dry and wet forests, Amazonian Brazil fo-

rests life zone. Moreover, the average above ground carbon in the studied forest sites with value of 

152.33 t/ha were three fold higher than the previous estimates with value of 50.5 t/ha of plant biomass 

carbon stock for forests of Ethiopia (Brown, 1997). On the other hand, above ground carbon in tropi-

cal and subtropical forests in Puerto Rico ranged between 40-95 t/ha (Weaver and Murphy, 1990) and 

due to this, the result of the study site had almost a positive carbon stock potential and this indicates 

the forest status was well managed and protected even if some human interference could be there. 

In comparable with other studies, as showed in table 21, the liter carbon stock value of the present 

study was less than Menagasha Suba State Forest (Mesfin Sahile, 2011) and Selected Church Forest 

(Tulu Tolla, 2011); but, it was higher compared to value recorded from Tara Gedam Forest (Mo-



90

hammed Gedefaw, 2013) and almost similar compared to value recorded from Arba Minch Ground 

Water Forest (Belay Melese et al., 2014) which is 1.28 t/ha. The values reported for tropical dry forest 

is 2.1 t/ha and 49 t/ha for moist boreal broad leaf forests which is greater than the present study value 

(1.30 t/ha) (IPCC, 2006). The amount of litter fall and its carbon stock of the forest can be influenced 

by the forest vegetation (species, age and density) and climate (Fisher and Binkly, 2000). Similarly, 

the tree stands in the forest area were relatively still young and this could result in low amount of litter 

fall and most of the trees in the Weiramba forest have small sized and conical type of leaf (conifers). 

In addition, since the study area is located in tropical areas, the rate of decomposition is relatively fast 

(Fisher and Binkly, 2000). Thus, the lowest carbon stock in litter pool could probably be due to the 

high decomposition rate and less amount of litter fall due to the ever greenness of the Forest year 

round. On the other hand, this litter decomposition is one of the major sources of soil organic carbon 

and the decomposition process was dependent on the quality of the litter fall (Mafongoya et al., 1998) 

and the plant species (Lemma et al., 2007).   

Litter decomposition rates are also frequently considered to be regulated by soil organisms, environ-

mental conditions and chemical nature of the litter (Gallardo and Merino, 1993). The physical envi-

ronment, especially soil moisture, temperature and relative humidity are important in litter decompos-

ing as these regulate the biological activity in soil (Sayer, 2006). The climatic condition in the study 

areas is very hot and humid during the rainy season; and this might have been causing high rate of lit-

ter decomposition leading to relatively low litter accumulation at the ground surface beneath the tree 

canopy.  

4.2.2.1.1 Soil organic carbon storage with soil depth 

Although the results of SOC at different soil depths of this study was almost similar, different studies 

revealed that the decrease of soil organic carbon with soil sampling depth is common knowledge in the 

field of soil carbon research (Corre et al., 1999; Gerzabek et al., 2005; Guo et al., 2007; Haile et al., 

2008; Jobbagy and Jackson, 2000). The main reason is the reduction of organic inputs (Brown and 

Lugo, 1990) and concomitant decrease in the rate of biological and physical activity (Tumwebaze et 

al., 2012). The deeper distribution of soil organic carbon compared to biomass is explained by a re-

duced soil organic carbon turnover in greater depths, leaching and vertical mixing by soil organism 

(Jobbagy and Jackson, 2000). 



91

While comparing with other studies, the carbon stock in soil in the 0-40 cm depth of Weiramba Forest 

was almost similar with those reported from Selected Church Forest (Tulu Tolla, 2011) and Menaga-

sha Suba State Forest (Mesfin Sahile, 2011). It was higher than Arba Minch Ground Water Forest (Be-

lay Melese et al., 2014) which is 83.80 t/ha; but, it was lower than Tara Gedam Forest (Mohammed 

Gedefaw, 2013) which is 274.32 t/ha (Table 23).  Proper forest management could increase the above-

ground vegetation carbon density and this possibility to enhance the carbon storage in the soil. De-

graded soils on the restoration practices could have the potential to provide terrestrial carbon sinks and 

reduce the rate of enrichment of atmospheric CO2 (Marks et al., 2009).  

In addition, the amount and composition of soil organic matter can be affected by bulk density which 

can also be affected by consolidation, compaction and also the amount of soil organic matter found in 

the soil (Morisada et al., 2004; Leifeld et al., 2004; cited in kidanemariam Kassahun, 2014). Bulk den-

sity of Weiramaba forest was ranged about the minimum value of 1.01 g/cm3 and the maximum value 

of 1.26 g/cm3 in the 0-20 cm depth on one hand and 1.01 g/cm3 and 1.24 g/cm3 in the depth of 21-40 

cm on the other hand. The mean bulk density of the forest site was low, (1.07 g/cm3 and 1.09 in the 0-

20 and 20-41 cm depths, respectively), which indicates that the study site has high organic matter con-

tent in the soil (Brady, 1974). 

 Soil organic carbon of the forest depends on not only soil bulk density but also again highly depends 

on the moisture, decomposition of litter carbon, climatic zone, temperature, slope, altitude, aspect and 

the nature of soil (kidanemariam Kassahun, 2014). Accordingly, the higher mean SOC stock is may be 

due to the presence of high SOM and fast decomposition of litter which results in maximum storage of 

carbon stock (Sheikh et al., 2009). Overall, the present result revealed that the study forest had high 

carbon stock and thus sequestered high amount of CO2 contributing to the mitigation of global climate 

change. 



92

Table 24: Comparison of carbon stock (t/ha) of the present result with other studies

4.2.2.2 Influence of Environmental Variables on Carbon Stock 

4.2.2.2.1 Variation of Carbon Stock along Altitudinal Gradient 

Altitude is recognized to have a major effect on the variety, biomass and carbon stock in the forest 

ecosystems (Luo et al., 2005; Mooser et al., 2007; Alves et al., 2010). In the present study area, the 

middle altitude showed an increasing carbon stock potential and followed by the bottom (lower) alti-

tude and decreased when we go to  up or top of the mountain though there was no significant variation 

in carbon stock in above and below ground carbon pools along altitudinal gradient. This condition 

suggests that, the lower and the upper parts of the forest have scattered type of plant arrangement and 

displayed lack of large trees as compared with the middle altitude and due to suitable environmental 

condition most species of plants habit in the middle part and result in high biomass and carbon stock 

values.  

The presence of species characterized by large individuals occurring on middle altitude could have an 

effect on AGB and carbon stock, because few large individuals can account for large proportion of the 

quadrats above and below ground carbon (Brown and Lugo, 1992). This could perhaps be the case in 

the present study area, whereas bigger trees with maximum DBH were more common in middle alti-

tude and somehow in lower altitude areas. It might be also due to the topographical nature where mid-

dle altitude is almost steep slope made itself away from human disturbance. On the other hand, upper 

altitude is more prone to arable land due to gentle slope nature made to store less carbon. Similar to 

the present result, there were similar results reported on other studies in Ethiopia of Banja Forest (Fen-

tahun Abere, 2016), Ades Forest (kidanemariam Kassahun, 2014), Tara Gedam Forest (Mohammed 

Gedefaw et al., 2014) and Adaba Dodola Community Forest (Muluken Nega et al., 2014) while it 

Study place AGC BGC LC SOC 

Wieramba Forest (present study) 152.33 41.13 1.30 129.11 

Menagasha Suba State Forest (Mesfin Sahile, 2011) 133.00 26.99 5.26 121.28 

Church Forest (Tulu Tolla, 2011) 122.85 25.97 4.95 135.94 

Arba Minch Ground Water Forest (Belay Melese et al., 
2014) 

414.70 83.48  1.28  83.80  

Tara Gedam Forest (Mohammed Gedefaw, 2013) 306.36 61.52 0.90 274.32 
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showed dissimilarity with the study of Egdu Forest (Adugna Feyissa et al., 2013) and Arba Minch 

Ground Water Forest (Belay Melese et al., 2014). 

Unlike the other carbon pools, the mean carbon density in litter pool of the present study showed clear 

pattern with altitude. It had showed relatively an increasing trend with increasing altitude though there 

was no significant variation carbon stock in litter pool along altitudinal gradient, and this condition 

suggested that at the hilly area of the mountain, the distribution and the number of trees reduced, and 

hence abundant litter fall could be available and this situation may be the cause for having exceeded 

litter carbon than the rest of other altitudinal gradients. In densely populated trees, few litters were 

found due to the nearness of plants each other make their litter not fall down (Demel Teketay, 1996).  

The reasons might be due to the decline in litter fall amount and decomposition with increasing alti-

tude (Zhang et al., 2008; cited in Fantahun Abere, 2016) and According to Chi et al. (1981) as cited in 

Muluken Nega (2014), the mean annual temperature decreased linearly with increasing altitude and 

mean annual precipitation showed an overall increasing trend. Although the rate of decomposition of 

litter altered by temperature and moisture, factors like stand age, forest types and disturbance play 

more important role in regulation of litter pool size (Harmon et al.,1986). Similar result was reported 

in Woody Plants of Arba Minch Ground Water Forest (Belay Melese et al., 2014), Ades Forest (kida-

nemariam Kassahun, 2014) and Banja Forest (Fantahun Abere, 2016). 

SOC density increased with precipitation and decreased with temperature (Jobbagy and Jackson, 

2000). In this study, relatively, an overall increasing trend in mean SOC density with increasing alti-

tude (decreasing temperature increasing precipitation) was observed, due to the higher turnover of or-

ganic material (plants) which is agreed with result found by Belay Melese et al. (2014), Zhu et al. 

(2011) and Fantahun Abere (2016). Generally, this present study result pointed out that above ground, 

below ground and litter carbon pools density showed insignificant variation, whereas SOC showed 

significant difference, similar with Belay Melese et al. (2014), and the litter carbon and SOC density 

show a clear pattern, whereas the other carbon pools (AGC and BGC) did not show a clear pattern 

along altitudinal gradient. This further revealed that the carbon pool components of forest ecosystem 

may respond to altitude differently and plays an important role in knowing possible change in carbon 

stock and thus carbon sequestration capacity in response to future climate change (Zhu et al., 2011).   
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4.2.2.2.2 Variation of Carbon Stock along Slope Gradient 

Slope is also one of the environmental factors that influence the distribution of carbon density (Clark 

et al., 2000). As indicated in Zhu et al. (2011), the carbon partitioning among forest carbon pools 

along slope gradients is important in knowing possible change in carbon stock and thus carbon seques-

tration potential in response to the future climate change in mountain regions. The present result re-

vealed that the forest carbon stock in different carbon pools did not show clear patterns along slope 

gradient and the variation was not significant in all carbon pools except SOC (21-40 cm depth). This 

situation indicates that the four dependent factors (AGC, BGC, LC and SOC (0-20 cm depth)), except 

SOC (21-40 cm depth), were not affected by slope. 

The middle slope showed an increasing carbon stock potential of all pools (AGC, BGC, LC and SOC 

in the 0-20 cm depth) and followed by the lower slope and decreased when we go to higher slope of 

the study site (with exception of soil pool in the 21-40 cm depth, where soil in the 21-20 cm depth 

carbon density increased with an increase in slope gradient). The vegetation cover varied as a function 

of slope gradient. Very high slope areas (> 450) contain little vegetation cover compared to low slope 

angle (0-100) (Maggi et al., 2005). This might be the cause for the decrease in above and below 

ground biomass carbon in higher slope gradient. In a steeply slope the above ground and below ground 

biomass of the carbon pool reduced due to less vegetation coverage as a result of soil erosion, on other 

hand the above and below ground biomass and carbon density showed higher values in middle slope 

because of having high vegetation coverage due to favorable conditions.  

Similarly, litter biomass and its carbon density of the forest area showed an increasing pattern at mid-

dle slope followed by the lower and higher slope gradient. It might be due to the topographical nature 

where middle slope is found between lower and higher slope that made itself away from human dis-

turbance or interference. Slope gradient affects the availability of water and nutrients, which allows 

more in lower slope or less in higher slope plant growth and litter accumulation (casado et al., 1985 

cited in Maggi et al., 2005). This might be the cause for the decreasing of litter biomass carbon in 

higher slope gradient and increasing in middle and lower slope.  

The soil carbon stock in the 0-20 cm depth of the study forest was highest at the middle slope fol-

lowed by the upper one and decreased at bottom part of the mountain. This may be due to the absence 
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of dense and tallest trees having broad leaves, causes more litter fall, at both end of the forest site and 

possibly also due to the favorable conditions for tree growth in the middle part.  

SOC on the other hand, depends upon the above ground input received from leaf litter and on the de-

composition of fine roots below ground (Rasse et al, .2006). Thus, the reason might be high decompo-

sition rate of fine roots and litter in the middle slope and the reverse is true for lower and higher slope. 

As exploration of Regard et al. (2009), higher elevations are usually associated with steeper slopes. 

Especially, elevation variation has an impact on soil organic carbon stock because of its influence on 

soil water regime (Schimel and Gulledge, 2000). 

 4.2.2.2.3 Variation of Carbon Stock in the Aspects (Slope Facings) 

Aspect is one of environmental factors that can affect the carbon stock of forests in different carbon 

pools (Bayat, 2011) and thus, it can be used as a useful variable to forecast the forest carbon stock in 

different carbon pools. According to Hicks et al. (1984), aspect has significant relationship with bio-

mass carbon in forest areas due to the interaction between solar radiation and soil properties. The re-

sult of present study revealed that higher mean values of above and below ground biomass and carbon 

stock on N aspect compared to the other aspects, whereas the lowest mean value was recorded on the 

W aspect. Similarly, in the carbon stock study of Egdu Forest by Adugna et al. (2011) higher mean 

values of above and below ground biomass carbon stocks were found on northern aspect. 

In general, the northern aspects of the study area had higher values of above and below ground bio-

mass and carbon stocks as compared to southern aspects. This can be attributed to the occurrence of 

moister and favorable environment such as the type and fertility of the soil on the northern aspects of 

Weiramba Forest as pointed out by Hicks et al. (1984) that soil properties are influenced by aspect. 

This is because the north and south facing slopes receive unequal amount of solar radiation. The south 

facing slopes receive high solar radiation compared to the north facing which receive less sunlight 

(Bayat, 2011; Sharma et al., 2011). Thus, the south facing slopes are warmer and drier, whereas the 

north facing slopes are relatively cooler and forms better growing conditions on the northern aspects 

than the southern aspects. On the other hand, the least above and below carbon stock was found in the 

western aspect which was in agreement with result found by kidanemariam Kassahun (2014). The rea-

son might be the availability of less fertile soil and moisture in the western part.  
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In addition, the higher and lower values of soil organic carbon on the SW and E aspects respectively 

have been reported in the present study. The reason might be due to the presence of moist climate and 

high decomposition rate on the SW aspect which had maximum SOC value and the reverse is true for 

E aspect. As indicated by Bayat (2011), aspect has significant relationship with biomass in forest areas 

due to the interaction between soil radiation and soil properties such as soil moisture and soil nutrients.  

Moreover, litter pool enhanced the maximum and minimum carbon stock on NE and SW aspects, re-

spectively. This difference might be due to the difference in litter fall amount and its decomposition 

rate. The absence of high decomposition rate of a litter on NE aspect or the forest growing on the NE 

aspect are generally exposed to various natural disturbances such as, wind fall cause the litter pool en-

hances the highest biomass and carbon stock on NE aspect than other aspects of the study area, whe-

reas the reverse is true to the SW direction of the site. Overall, the present study pointed out that car-

bon stock density of all carbon pools did not show significant difference along aspects. 

4.2.3 Diversity versus Carbon stock 

In the context of climate change, diverse forests are more resilient (Habtamu Assaye, 2014). As mod-

erate tree species diversity (H’ = 1.5 for most quadrats), this ecosystem is less sensitive to the impacts 

of climate change, but as a dry land ecosystem it might be more sensitive to climate change impacts. 

Thus conservation and protection of the existing carbon stock and carbon dioxide sequestration poten-

tial is considerable. There is no general conclusion reached at so far regarding biodiversity and carbon 

stock relation.  

As a result showed (Table 21), the Pearson’s r correlation coefficient is r = 0.019 using Cohen’s 

(1988) standards, the relationship between tree/shrub species diversity and carbon stock was small or 

weak positive. In the contrast of correlation r value, the p value is higher, p = 0.907 which is greater 

than α = 0.05 indicated that there was not a significance difference between tree species diversity and 

carbon stock. In general, the Pearson’s correlation coefficient r and P values reflected that there was a 

weaker (smaller) positive correlation and no significance difference between tree species diversity 

and carbon stock in Weiramba Forest, respectively.  
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5. CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

This study in Wieramba Forest showed that the forest contains many diversified plant species compris-

ing a total of 34 different species belonging to 28 genera and 20 families of which Fabaceae was the 

dominant family. Both the cumulative diameter and height class frequency distribution patterns of 

woody individuals were resulted in a Bell-shape implies that density of woody species in the middle 

classes were high, and decreased towards the lower and higher diameter and height classes indicating a 

discontinuous or irregular recruitment of individuals in the forest, which is the reflection of a more or 

less poor regeneration profile in the area.  

The total basal area for Weiramba Forest was 32.10 m2/ha; however, the results of woody species re-

vealed that only few species were scored high basal area and density. About 62.45% of the IVI was 

attributed by Olea europaea subsp. cuspidata, Acacia albida, Pittosporum viridiflorum, Allophylus 

abyssinicus. But majority woody species are with low IVI Such as, Grewia bicolor, Leucaena leuco-

cephala, etc. indicating that they require proper conservation and management.  

The analysis results of woody species regeneration revealed the insufficiency of seedling recruitment. 

Total absence of seedling and sapling was encountered for certain woody species (Acacia etbaica 

subsp. etbaica, Grewia bicolor, Psydrx schimperiana, Balanites aegyptiac, etc.) and sapling but no 

seedling for some others. Based on the regeneration status and population distribution patterns, three 

groups of species were identified as priority for conservation of Weiramba Forest.   

Analysis of carbon stocks in different species of the forest responded differently where the highest 

carbon stock was recorded for Olea europaea subsp. cuspidata was dominant tree species, followed by

Grewia ferruginea. The average carbon stocks in the forest area were large and the result is compara-

ble to some study results of forests in Ethiopia and other tropical countries. This indicates the contri-

bution of the forest for carbon sequestration and hence mitigation of climate changes.  

Analysis of variation of carbon stock in different carbon pools of the forest area showed differences 

along different environmental gradients. The middle parts of altitude was high in above ground and 

below ground carbon stocks while the upper and lower parts of altitude had low to moderate carbon 
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stock in both carbon pools due to the fact that there were dense vegetation cover in the middle altitu-

dinal range. However, litter carbon and SOC showed a clear pattern along altitudinal gradients, an in-

creasing trend with increasing altitudes. On the other hand, above ground, below ground and litter car-

bon pools density showed insignificant variation, whereas Soil carbon pool was significantly different 

along altitudinal gradients.  

The forest carbon stock in different carbon pools did not show clear patterns along slope gradient and 

the variation was not significant in all carbon pools except SOC in the 21-40 cm depth. The middle 

slope showed an increasing carbon stock potential of all pools (AGC, BGC, LC and SOC in the 0-20 

cm depth) and followed by the lower and upper slope except SOC (21-40 cm) whose carbon density 

increased with an increasing of slope gradient. Similarly, litter biomass and its carbon density of the 

forest area showed an increasing pattern at middle slope followed by the lower and higher slope gra-

dient.  

The total carbon stock was found to be higher on NW side of the forest which could be attributed to 

the occurrence of moist climate and favorable environment on the NW aspects. There was no signifi-

cant difference in all carbon pools of the forest carbon stocks among aspects. In general, the total car-

bon stocks in the different pools were arranged in this order NW>N>NE>E>SW>W. 

This study also confirms that stand structural diversity in terms of tree species, size, and height as well 

as the application of the combined indices exhibited a slight positive relationship with C stock of the 

different quadrats. As key constituents of structural diversity, the selected tree species, size, and height 

components can be logically linked to management practices and objectives.
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5.2 Recommendations

Based on the results of the study and observation made during field study, the following recommenda-

tions were forwarded. 

The carbon stock of different species in the study forest was varied among each other and 

showed disproportionate contribution to the above ground carbon stock. It is recommended 

that specific allometric equation of tree species be used for better prediction. 

The carbon sequestration of the study forest should be integrated with Reduced Emission from 

Deforestation and Degradation (REDD+) and Clean Development Mechanism (CDM) carbon 

trading system of the Kyoto Protocol to get monetary benefit of carbon dioxide mitigation 

which can help in conservation and further enhancement of the forests.    

Further research and/or development action should be done to note the actual reasons for the 

absence of regeneration and address the problems faced by especially by those species poorly 

scored and reckoned in their regeneration status and importance value index through the colla-

boration of local communities and other stakeholders. For instance, Acacia etbaica subsp. Et-

baica, Grewia bicolor, Psydrx schimperiana and Balanites aegyptiaca.

This study could provide useful information for further documentation on Woody Species 

composition, structure, regeneration, diversity and carbon stock capacity of the different car-

bon pools of dry forest and the influence of environmental factors on forest carbon stock. 

Based on the finding, the forest has to be managed for conservation of biological diversities 

found in the area and for carbon sequestration. 

The planning and management of the Forest should be assisted by research findings, such as 

socio-economic, ethnobotanical  and detailed ecological studies in relation to various environ-

mental factors, such as soil type and properties. On the other hand, basic and applied re-

searches, to fill the gap of this work, on the soil seed bank, seed physiology, population dy-

namics, biology and ecology of endangered species as well the forest as whole should be car-

ried out.  

Participatory forest management programs should be introduced and implemented so that local 

communities assume responsibility for the management and conservation of the forest and be-

come beneficieries of the economic payback derived from this activity.  
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Continuous forest inventory should be conducted. 
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APPENDICES  

Appendix 1: Location of quadrats in relation to altitude, latitude, longitude, slope and aspects 

Transect No. Quadrat No. Altitude (m) Latitude Longitude   Slope (%) Aspect 

1 1 1978 568730 1297648 65 North East 

1 2 2008 568838 12977595 60 North East 

1 3 2225 568925 1297552 75 North West 

1 4 2085 569028 1297549 75 North West 

1 5 2092 569187 1297614 45 North 

2 6 1970 568850 1297809 80 West 

2 7 1970 568966 1297719 85 North West 

2 8 1957 569034 129748 80 North 

2 9 1966 569136 1297812 80 North 

2 10 1945 569282 1297817 70 North 

2 11 1958 569428 1297737 35 North 

3 12 2028 568703 1297535 80 East 

3 13 2051 568784 1297538 85 North West 

3 14 2060 568874 1297517 65 North West 

3 15 2043 568587 1297562 65 North 

3 16 2047 568525 1297625 60 South East 

3 17 2046 568355 1297704 55 East 

3 18 2070 568262 1297625 65 North West 
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Transect No. Quadrat No. Altitude (m) Latitude Longitude   Slope (%) Aspect 

3 19 2048 568141 1297583 75 North East 

4 20 2053 568150 1297461 85 North 

4 21 2073 568277 1297475 65 North West 

4 22 2130 568392 1297517 50 North 

4 23 2120 568557 1297466 80 North 

4 24 2113 568703 1297442 80 North 

4 25 2110 568848 1297497 70 North 

4 26 2126 569098 1297498 75 North West 

4 27 2125 569085 1297541 45 North 

5 28 1957 569494 1297867 45 North 

5 29 1940 569679 1297838 35 North 

5 30 1932 562799 1297795 35 North East 

5 31 1923 569934 1297762 60 North 

5 32 1984 570010 1297690 25 North 

6 33 2018 569461 1297706 80 North West 

6 34 2031 569549 1297775 70 North 

6 35 2000 569714 1297749 65 North 

6 36 1980 569822 1297700 75 North East 

6 37 1971 569978 1297618 50 North East 

7 38 2142 568998 1297432 87 North 

7 39 2179 568813 1297365 85 North 

7 40 2185 568683 1297343 90 North 
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Appendix 2: Tree code, names of species, number of stems, coverage, average DBH and height of each species

Tree 
Code 

 Vernacular Name   
(Amharic) Scientific   Name 

No. of 
Stems 

Coverage 
(%) 

Average 
DBH (cm) 

Average 
Height (m) 

Ze6 Grar Acacia albida 499 14.06 12.1 11.26 

Ze7 Akacha/Mimosa Acacia decurrens 19 0.53 10 11 

Ze8 Doret Acacia etbaica susp. Etbaica 23 0.64 10.7 12.57 

Ze9 Grar Nech Acacia sieberiana 30 0.84 12.75 13.55 

Ze10 Embis Allophylus abyssinicus 307 8.65 7.9 8.6 

Ze1 Keraro Aningeria adolfi-friedericii 13 0.36 8.4 10.8 

Ze2 Bedeno Balanites aegyptiac 3 0.08 10 5.9 

Ze3 Ziggta/Digtta Calpurnia aurea 16 0.45 5.75 7.4 

Ze4 Dingay seber Canthium  oligocarpum 6 0.16 8.4 10 

Ze5 Agam Carissa edulis 230 6.48 6.6 8.7 

Ze11 Arzelibanos Casuarina equisetifolia 1 0.03 21.75 22.5 

Ze12 Misirich Clerodendron  myricoides 5 0.14 5.13 5.04 

Ze13 Bisana Croton  macrostachyus 5 0.14 6 7.5 

Ze18 Yeferenji-Tsid Cupressus lusitanica 25 0.70 15.9 14 

Ze14 Kitkita Dodonaea  anguistifolia 273 7.69 6.8 7.5 

Ze22 Ulaga Ehretia cymosa 3 0.08 12.25 12 

Ze16 Key Bahirzaf Eucalyptus camaldulensis 94 2.65 7.4 9.9 
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Tree 
Code 

 Vernacular Name   
(Amharic) Scientific   Name 

No. of 
Stems 

Coverage 
(%) 

Average 
DBH (cm) 

Average 
Height (m) 

Ze19 Dedeho Euclea  divinorum 159 4.48 7.2 8.3 

Ze20 Lenkuata Grewia  ferruginea 1 0.02 7.4 8.9 

Ze15 Sefa Grewia bicolor 42 1.18 6 6.84 

Ze17 Yetebmenja Zaf Jacaranda mimosifolia 4 0.11 12 10.87 

Ze23 Yehabesha Tsid Juniperus procera 29 0.81 14.7 16.9 

Ze24 Lucina Leucaena leucocephala 4 0.11 5.9 10.6 

Ze25 Atat Maytenus  arbutifalia 126 3.55 7.2 8.3 

Ze26 Kechem Myrsine Africana 31 0.87 4.9 5.2 

Ze27 Weira 
Olea europaea subsp. 
Cuspidata 

1061 29.91 9.8 10.9 

Ze28 Keret Osyris quadripartite 33 0.93 6.75 7.5 

Ze21 Kefeta/Ahot Pittosporum  viridiflorum 487 13.72 10.8 12 

Ze29 Chocho Premna  schimperi 10 0.28 11.9 11.3 

Ze30 Tikur Enchet/Homa Prunus  Africana 5 0.14 10 9.9 

Ze31 Seged Psydrx schimperiana 2 0.05 14.6 9 

Ze32 Kega Rosa abyssinica 1 0.02 3.75 4.5 

Total 3547
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Appendix 3: Aboveground and belowground carbon stock of Weiramba Forest

1 1 
1327.74 663.87 6.64 66.39 33.19 121.82 17.92 8.96 32.89 

 2 
1183.10 591.55 5.92 59.16 29.58 108.55 15.97 7.99 29.31 

 3 
3706.84 1853.42 18.53 185.34 92.67 340.10 50.04 25.02 91.83 

 4 
2315.16 1157.58 11.58 115.76 57.88 212.42 31.25 15.63 57.35 

 5 
3536.03 1768.01 17.68 176.80 88.40 324.43 47.74 23.87 87.60 

2 6 
383.36 191.68 1.92 19.17 9.58 35.17 5.18 2.59 9.50 

 7 
3657.42 1828.71 18.29 182.87 91.44 335.57 49.38 24.69 90.60 

 8 
5249.81 2624.91 26.25 262.49 131.25 481.67 70.87 35.44 130.05 

 9 
3696.97 1848.49 18.48 184.85 92.42 339.20 49.91 24.95 91.58 

 10 
10105.06 5052.53 50.53 505.25 252.63 927.14 136.42 68.21 250.33 

 11 
3723.72 1861.86 18.62 186.19 93.09 341.65 50.27 25.14 92.25 

3 12 
5668.84 2834.42 28.34 283.44 141.72 520.12 76.53 38.26 140.43 

 13 
7874.44 3937.22 39.37 393.72 196.86 722.48 106.31 53.15 195.07 

 14 
5621.07 2810.54 28.11 281.05 140.53 515.73 75.88 37.94 139.25 

 15 
5931.27 2965.63 29.66 296.56 148.28 544.19 80.07 40.04 146.93 
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 16 
2720.53 1360.27 13.60 136.03 68.01 249.61 36.73 18.36 67.39 

 17 
6690.55 3345.27 33.45 334.53 167.26 613.86 90.32 45.16 165.74 

 18 
4072.97 2036.49 20.36 203.65 101.82 373.70 54.99 27.49 100.90 

 19 
3590.49 1795.24 17.95 179.52 89.76 329.43 48.47 24.24 88.95 

4 20 
6195.23 3097.61 30.98 309.76 154.88 568.41 83.64 41.82 153.47 

 21 
4307.78 2153.89 21.54 215.39 107.69 395.24 58.16 29.08 106.71 

 22 
1605.41 802.70 8.03 80.27 40.14 147.30 21.67 10.84 39.77 

 23 
9543.75 4771.87 47.72 477.19 238.59 875.64 128.84 64.42 236.42 

 24 
11867.54 5933.77 59.34 593.38 296.69 1088.85 160.21 80.11 293.99 

 25 
13305.71 6652.85 66.53 665.29 332.64 1220.80 179.63 89.81 329.62 

 26 
8805.26 4402.63 44.03 440.26 220.13 807.88 118.87 59.44 218.13 

 27 
5071.21 2535.60 25.36 253.56 126.78 465.28 68.46 34.23 125.63 

5 28 
10526.84 5263.42 52.63 526.34 263.17 965.84 142.11 71.06 260.78 

 29 
8813.23 4406.61 44.07 440.66 220.33 808.61 118.98 59.49 218.33 

 30 
7293.04 3646.52 36.47 364.65 182.33 669.14 98.46 49.23 180.67 

 31 
12827.91 6413.96 64.14 641.40 320.70 1176.96 173.18 86.59 317.78 

 32 
8935.38 4467.69 44.68 446.77 223.38 819.82 120.63 60.31 221.35 

6 33 
5851.19 2925.59 29.26 292.56 146.28 536.85 78.99 39.50 144.95 
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 34 
11256.92 5628.46 56.28 562.85 281.42 1032.82 151.97 75.98 278.86 

 35 
9365.14 4682.57 46.83 468.26 234.13 859.25 126.43 63.21 232.00 

 36 
11019.45 5509.73 55.10 550.97 275.49 1011.03 148.76 74.38 272.98 

 37 
4004.50 2002.25 20.02 200.23 100.11 367.41 54.06 27.03 99.20 

7 38 
2577.89 1288.95 12.89 128.89 64.45 236.52 34.80 17.40 63.86 

 39 
4957.71 2478.86 24.79 247.89 123.94 454.87 66.93 33.46 122.81 

 40 
4534.91 2267.45 22.67 226.75 113.37 416.08 61.22 30.61 112.34 

 Total 
243721.36 121860.68 1218.61 12186.07 6093.03 22361.44 3290.24 1645.12 6037.59 

 Average
6093.03 3046.52 30.47 304.65 152.33 559.04 82.26 41.13 150.94 

 STDEV 
3429.79 1714.89 17.15 171.49 85.74 314.68 46.30 23.15 84.96 

Appendix 4: Litter carbon stock estimation data

Quadrat 
No. 

Field 
Code Wet wt(g) Fresh wt(g) 

Oven dry wt 
(g) % C 

 LB 
(t/ha) LC (t/ha) CO2 (t/ha) 

1 T1P1L 400 100 92 31.35 0.04 1.15 4.23 

2 T1P2L 840 100 89 19.20 0.07 1.44 5.27 

3 T1P3L 500 100 88 22.05 0.04 0.97 3.56 

4 T1P4L 370 100 89 30.37 0.03 1.00 3.67 

5 T1P5L 780 100 86 28.43 0.07 1.91 7.00 
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Quadrat 
No. 

Field 
Code Wet wt(g) Fresh wt(g) 

Oven dry wt 
(g) % C 

 LB 
(t/ha) LC (t/ha) CO2 (t/ha) 

6 T2P6L 150 100 79 15.29 0.01 0.18 0.66 

7 T2P7L 1000 100 90.25 22.08 0.09 1.99 7.31 

8 T2P8L 350 100 86 31.52 0.03 0.95 3.48 

9 T2P9L 970 100 87 16.05 0.08 1.35 4.97 

10 T2P10L 380 100 90 30.45 0.03 1.04 3.82 

11 T2P11L 100 100 89 32.49 0.01 0.29 1.06 

12 T3P12L 450 100 96 22.20 0.04 0.96 3.52 

13 T3P13L 700 100 93 28.44 0.07 1.85 6.79 

14 T3P14L 150 100 94 29.47 0.01 0.42 1.52 

15 T3P15L 1000 100 88 23.38 0.09 2.06 7.55 

16 T3P16L 220 100 93.6 32.64 0.02 0.67 2.47 

17 T3P17L 600 100 88.75 22.33 0.05 1.19 4.36 

18 T3P18L 800 100 87 30.13 0.07 2.10 7.70 

19 T3P19L 700 100 94 27.64 0.07 1.82 6.67 

20 T4P20L 950 100 86 35.56 0.08 2.91 10.66 

21 T4P21L 110 100 90.5 22.72 0.01 0.23 0.83 

22 T4P22L 800 100 89.6 28.41 0.07 2.04 7.47 

23 T4P23L 280 100 92 24.05 0.03 0.62 2.27 

24 T4P24L 850 100 82.5 20.43 0.07 1.43 5.26 

25 T4P25L 560 100 92.7 19.69 0.05 1.02 3.75 
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Quadrat 
No. 

Field 
Code Wet wt(g) Fresh wt(g) 

Oven dry wt 
(g) % C 

 LB 
(t/ha) LC (t/ha) CO2 (t/ha) 

26 T4P26L 600 100 79.6 19.56 0.05 0.93 3.43 

27 T4P27L 800 100 87 27.33 0.07 1.90 6.98 

28 T5P28L 300 100 89 16.66 0.03 0.44 1.63 

29 T5P29L 875 100 95 26.68 0.08 2.22 8.14 

30 T5P30L 75 100 86.4 22.24 0.01 0.14 0.53 

31 T5P31L 900 100 83.7 25.06 0.08 1.89 6.93 

32 T5P32L 320 100 89 28.60 0.03 0.81 2.99 

33 T6P33L 1050 100 89 15.72 0.09 1.47 5.39 

34 T6P34L 550 100 88 31.96 0.05 1.55 5.68 

35 T6P35L 380 100 91.7 27.94 0.03 0.97 3.57 

36 T6P36L 750 100 83 29.34 0.06 1.83 6.70 

37 T6P37L 400 100 95 31.93 0.04 1.21 4.45 

38 T7P38L 780 100 89.6 22.33 0.07 1.56 5.73 

39 T7P39L 375 100 93.5 17.45 0.04 0.61 2.25 

40 T7P40L 960 100 87 25.51 0.08 2.13 7.82 

  Total 23125 4000 3559.4 1014.68 2.06 51.25 188.07 

  Average 578.125 100 88.99 25.37 0.05 1.30 4.79 

  STDEV 293.99 0 3.99 5.43 0.03 0.14 0.51 
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Appendix 5: Carbon stock estimation in soil pool (Depth1= 0-20cm)

Quadrat 

No. 

Field 

Code BD ( gm/cm3) Soil depth (cm) %C 

SOC 

(gm/cm2) 

SOC 

(t/ha) 

CO2 

(t/ha) 

1 T1P1D1 1.13 0-20 2.29 0.52 51.84 190.25 

2 T1P2D1 1.12 0-20 2.00 0.45 44.96 165.01 

3 T1PD1 1.04 0-20 2.71 0.56 56.32 206.69 

4 T1P4D1 1.07 0-20 3.41 0.73 72.99 267.86 

5 T1P5D1 1.11 0-20 2.33 0.52 52.00 190.85 

6 T2P6D1 1.09 0-20 2.03 0.44 44.32 162.66 

7 T2P7D1 1.02 0-20 1.44 0.29 29.32 107.60 

8 T2P8D1 1.02 0-20 2.24 0.46 45.60 167.34 

9 T2P9D1 1.03 0-20 2.14 0.44 44.04 161.62 

10 T2P10D1 1.05 0-20 2.93 0.62 61.74 226.60 

11 T2P11D1 1.25 0-20 2.57 0.64 64.34 236.13 

12 T3P12D1 1.01 0-20 2.59 0.52 52.19 191.54 

13 T3P13D1 1.04 0-20 3.02 0.63 62.87 230.74 

14 T3P14D1 1.05 0-20 2.39 0.50 50.17 184.12 

15 T3P15D1 1.03 0-20 4.25 0.88 87.67 321.76 
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Quadrat 

No. 

Field 

Code BD ( gm/cm3) Soil depth (cm) %C 

SOC 

(gm/cm2) 

SOC 

(t/ha) 

CO2 

(t/ha) 

16 T3P16D1 1.08 0-20 2.28 0.49 49.30 180.94 

17 T3P17D1 1.08 0-20 2.01 0.43 43.37 159.18 

18 T3P18D1 1.04 0-20 5.78 1.21 120.69 442.95 

19 T3P19D1 1.05 0-20 5.35 1.13 112.52 412.94 

20 T4P20D1 1.02 0-20 6.42 1.31 130.85 480.21 

21 T4P21D1 1.09 0-20 5.29 1.15 115.25 422.97 

22 T4P22D1 1.09 0-20 6.99 1.52 151.74 556.87 

23 T4P23D1 1.11 0-20 4.45 0.99 98.62 361.93 

24 T4P24D1 1.02 0-20 5.03 1.03 103.03 378.13 

25 T4P25D1 1.06 0-20 2.69 0.57 56.96 209.05 

26 T4P26D1 1.02 0-20 3.53 0.72 71.73 263.24 

27 T4P27D1 1.03 0-20 3.70 0.76 76.43 280.51 

28 T5P28D1 1.03 0-20 1.02 0.21 21.17 77.68 

29 T5P29D1 1.05 0-20 1.07 0.23 22.52 82.65 

30 T5P30D1 1.05 0-20 1.45 0.30 30.32 111.27 

31 T5P31D1 1.04 0-20 1.68 0.35 34.75 127.53 
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Quadrat 

No. 

Field 

Code BD ( gm/cm3) Soil depth (cm) %C 

SOC 

(gm/cm2) 

SOC 

(t/ha) 

CO2 

(t/ha) 

32 T5P32D1 1.03 0-20 1.40 0.29 28.78 105.63 

33 T6P33D1 1.02 0-20 0.71 0.15 14.60 53.57 

34 T6P34D1 1.02 0-20 3.32 0.68 67.82 248.90 

35 T6P35D1 1.25 0-20 1.64 0.41 40.96 150.31 

36 T6P36D1 1.02 0-20 1.96 0.40 40.16 147.37 

37 T6P37D1 1.26 0-20 1.20 0.30 30.44 111.71 

38 T7P38D1 1.08 0-20 3.44 0.74 74.17 272.20 

39 T7P39D1 1.05 0-20 4.08 0.86 86.06 315.82 

40 T7P40D1 1.04 0-20 4.48 0.93 92.96 341.18 

  Sum 42.70 119.35 25.36 2535.56 9305.49 

  Average 1.07 2.98 0.63 63.39 232.64 

  STDEV 0.06 1.55 0.32 32.38 118.83 
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Appendix 6: Carbon stock estimation in soil pool (Depth2= 21-40 cm)

Quadrat 
No. Field Code

Depth 
(cm) BD (gm/cm3) %C 

SOC 
(gm/cm2) SOC (t/ha) CO2 (t/ha) 

1 T1P1D2 21-40 1.22 2.29 0.56 56.02 205.60 

2 T1P2D2 21-40 1.09 2.15 0.47 46.92 172.20 

3 T1P3D2 21-40 1.03 2.62 0.54 53.95 198.01 

4 T1P4D2 21-40 1.09 2.97 0.65 64.71 237.50 

5 T1P5D2 21-40 1.04 1.99 0.41 41.16 151.07 

6 T2P6D2 21-40 1.06 2.70 0.57 57.17 209.83 

7 T2P7D2 21-40 1.05 3.64 0.77 76.55 280.93 

8 T2P8D2 21-40 1.06 1.92 0.41 40.83 149.83 

9 T2P9D2 21-40 1.19 2.21 0.52 52.30 191.93 

10 T2P10D2 21-40 1.13 2.90 0.66 65.80 241.48 

11 T2P11D2 21-40 1.21 1.20 0.29 29.16 107.00 

12 T3P12D2 21-40 1.01 2.01 0.41 40.65 149.20 

13 T3P13D2 21-40 1.08 2.34 0.50 50.22 184.32 

14 T3P14D2 21-40 1.07 3.66 0.78 78.13 286.75 

15 T3P15D2 21-40 1.04 2.68 0.56 55.93 205.28 

16 T3P16D2 21-40 1.12 1.64 0.37 36.85 135.25 

17 T3P17D2 21-40 1.04 2.17 0.45 44.95 164.98 

18 T3P18D2 21-40 1.08 4.00 0.86 86.40 317.10 
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Quadrat 
No. Field Code

Depth 
(cm) BD (gm/cm3) %C 

SOC 
(gm/cm2) SOC (t/ha) CO2 (t/ha) 

19 T3P19D2 21-40 1.18 5.77 1.36 135.97 499.00 

20 T4P20D2 21-40 1.05 7.99 1.68 168.16 617.13 

21 T4P21D2 21-40 1.23 4.63 1.14 114.41 419.87 

22 T4P22D2 21-40 1.07 4.40 0.94 94.11 345.37 

23 T4P23D2 21-40 1.06 8.98 1.90 190.49 699.11 

24 T4P24D2 21-40 1.05 4.17 0.88 87.75 322.03 

25 T4P25D2 21-40 1.03 2.72 0.56 56.11 205.94 

26 T4P26D2 21-40 1.04 2.85 0.59 59.34 217.78 

27 T4P27D2 21-40 1.08 4.08 0.88 87.73 321.95 

28 T5P28D2 21-40 1.06 1.33 0.28 28.14 103.28 

29 T5P29D2 21-40 1.05 1.08 0.23 22.65 83.11 

30 T5P30D2 21-40 1.16 1.37 0.32 31.94 117.21 

31 T5P31D2 21-40 1.06 1.43 0.30 30.41 111.59 

32 T5P32D2 21-40 1.09 1.17 0.25 25.38 93.14 

33 T6P33D2 21-40 1.06 0.77 0.16 16.39 60.15 

34 T6P34D2 21-40 1.02 3.46 0.71 70.54 258.88 

35 T6P35D2 21-40 1.21 1.30 0.31 31.33 114.98 

36 T6P36D2 21-40 1.08 2.09 0.45 44.87 164.67 

37 T6P37D2 21-40 1.24 1.11 0.27 27.48 100.85 

38 T7P38D2 21-40 1.03 6.15 1.27 126.99 466.04 
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Quadrat 
No. Field Code

Depth 
(cm) BD (gm/cm3) %C 

SOC 
(gm/cm2) SOC (t/ha) CO2 (t/ha) 

39 T7P39D2 21-40 1.07 4.04 0.86 86.43 317.21 

40 T7P40D2 21-40 1.07 5.35 1.15 114.61 420.61 

  Sum 43.60 121.33 26.29 2628.93 9648.19

  Average 1.09 3.03 0.66 65.72 241.20

  STDEV 0.06 1.85 0.40 39.55 145.14

Appendix 7:  Summary of Soil Carbon Stock in each depth and total Soil carbon stock per quadrats of the study area

Quadrat 
No. 

SOC (t/ha), 0-20 cm SOC (t/ha), 21-40 cm CO2 (t/ha), 0-20cm CO2 (t/ha), 21-40 cm 

1 51.84 56.02 190.25 205.59 

2 44.96 46.92 165.00 172.20 

3 56.32 53.95 206.69 198.00 

4 72.99 64.71 267.87 237.49 

5 52.00 41.16 190.84 151.06 

6 44.32 57.17 162.65 209.81 

7 29.32 76.55 107.60 280.94 

8 45.60 40.83 167.35 149.85 

9 44.04 52.30 161.63 191.94 

10 61.74 65.80 226.59 241.49 
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Quadrat 
No. 

SOC (t/ha), 0-20 cm SOC (t/ha), 21-40 cm CO2 (t/ha), 0-20 cm CO2 (t/ha), 21-40 cm 

11 64.34 29.16 236.13 107.02 

12 52.19 40.65 191.54 149.19 

13 62.87 50.22 230.73 184.31 

14 50.17 78.13 184.12 286.74 

15 87.67 55.93 321.75 205.26 

16 49.30 36.85 180.93 135.24 

17 43.37 44.95 159.17 164.97 

18 120.69 86.40 442.93 317.09 

19 112.52 135.97 412.95 499.01 

20 130.85 168.16 480.22 617.15 

21 115.25 114.41 422.97 419.88 

22 151.74 94.11 556.89 345.38 

23 98.62 190.49 361.94 699.10 

24 103.03 87.75 378.12 322.04 

25 56.96 56.11 209.04 205.92 

26 71.73 59.34 263.25 217.78 

27 76.43 87.73 280.50 321.97 

28 21.17 28.14 77.69 103.27 

29 22.52 22.65 82.65 83.13 

30 30.32 31.94 111.27 117.22 
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Quadrat 
No. 

SOC (t/ha), 0-20 cm SOC (t/ha), 21-40 cm CO2 (t/ha), 0-20 cm CO2 (t/ha), 21-40 cm 

31 34.75 30.41 127.53 111.60 

32 28.78 25.38 105.62 93.14 

33 14.60 16.39 53.58 60.15 

34 67.82 70.54 248.90 258.88 

35 40.96 31.33 150.32 114.98 

36 40.16 44.87 147.39 164.67 

37 30.44 27.48 111.71 100.85 

38 74.17 126.99 272.20 466.05 

39 86.06 86.43 315.84 317.20 

40 92.96 114.61 341.16 420.62 

Total 2535.57 2628.93 9305.54 9648.17 

Mean 63.39 65.72 232.64 241.20 

STDEV 32.38 39.55 118.83 145.14 
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Appendix 8: Summary of biomass and carbon stock in each carbon pool and total carbon stock per quadrats of the study area

1 66.39 33.19 17.92 8.96 0.04 1.15 51.84 56.02 151.16 84.35 
2 59.16 29.58 15.97 7.99 0.07 1.44 44.96 46.92 130.89 75.2 
3 185.34 92.67 50.04 25.02 0.04 0.97 56.32 53.95 228.93 235.42 
4 115.76 57.88 31.25 15.63 0.03 1 72.99 64.71 212.21 147.04 
5 176.8 88.4 47.74 23.87 0.07 1.91 52 41.16 207.34 224.61 
6 19.17 9.58 5.18 2.59 0.01 0.18 44.32 57.17 113.84 24.36 
7 182.87 91.44 49.38 24.69 0.09 1.99 29.32 76.55 223.99 232.34 
8 262.49 131.25 70.87 35.44 0.03 0.95 45.6 40.83 254.07 333.39 
9 184.85 92.42 49.91 24.95 0.08 1.35 44.04 52.3 215.06 234.84 
10 505.25 252.63 136.42 68.21 0.03 1.04 61.74 65.8 449.42 641.7 
11 186.19 93.09 50.27 25.14 0.01 0.29 64.34 29.16 212.02 236.47 
12 283.44 141.72 76.53 38.26 0.04 0.96 52.19 40.65 273.78 360.01 
13 393.72 196.86 106.31 53.15 0.07 1.85 62.87 50.22 364.95 500.1 
14 281.05 140.53 75.88 37.94 0.01 0.42 50.17 78.13 307.19 356.94 
15 296.56 148.28 80.07 40.04 0.09 2.06 87.67 55.93 333.98 376.72 
16 136.03 68.01 36.73 18.36 0.02 0.67 49.3 36.85 173.19 172.78 
17 334.53 167.26 90.32 45.16 0.05 1.19 43.37 44.95 301.93 424.9 
18 203.65 101.82 54.99 27.49 0.07 2.1 120.69 86.4 338.5 258.71 
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19 179.52 89.76 48.47 24.24 0.07 1.82 112.52 135.97 364.31 228.06 
20 309.76 154.88 83.64 41.82 0.08 2.91 130.85 168.16 498.62 393.48 
21 215.39 107.69 58.16 29.08 0.01 0.23 115.25 114.41 366.66 273.56 
22 80.27 40.14 21.67 10.84 0.07 2.04 151.74 94.11 298.87 102.01 
23 477.19 238.59 128.84 64.42 0.03 0.62 98.62 190.49 592.74 606.06 
24 593.38 296.69 160.21 80.11 0.07 1.43 103.03 87.75 569.01 753.66 
25 665.29 332.64 179.63 89.81 0.05 1.02 56.96 56.11 536.54 844.97 
26 440.26 220.13 118.87 59.44 0.05 0.93 71.73 59.34 411.57 559.18 
27 253.56 126.78 68.46 34.23 0.07 1.9 76.43 87.73 327.07 322.09 
28 526.34 263.17 142.11 71.06 0.03 0.44 21.17 28.14 383.98 668.48 
29 440.66 220.33 118.98 59.49 0.08 2.22 22.52 22.65 327.21 559.72 
30 364.65 182.33 98.46 49.23 0.01 0.14 30.32 31.94 293.96 463.12 
31 641.4 320.7 173.18 86.59 0.08 1.89 34.75 30.41 474.34 814.66 
32 446.77 223.38 120.63 60.31 0.03 0.81 28.78 25.38 338.66 567.43 
33 292.56 146.28 78.99 39.5 0.09 1.47 14.6 16.39 218.24 371.64 
34 562.85 281.42 151.97 75.98 0.05 1.55 67.82 70.54 497.31 714.87 
35 468.26 234.13 126.43 63.21 0.03 0.97 40.96 31.33 370.6 594.72 
36 550.97 275.49 148.76 74.38 0.06 1.83 40.16 44.87 436.73 699.79 
37 200.23 100.11 54.06 27.03 0.04 1.21 30.44 27.48 186.27 254.33 
38 128.89 64.45 34.8 17.4 0.07 1.56 74.17 126.99 284.57 163.76 
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39 247.89 123.94 66.93 33.46 0.04 0.61 86.06 86.43 330.5 314.86 
40 226.75 113.37 61.22 30.61 0.08 2.13 92.96 114.61 353.68 288.05 

Total 
12186.09 6093.01 3290.25 1645.13 2.04 51.25 2535.57 2628.93 

12953.8
9 15478.38 

Mean 304.65 152.33 94.56 41.13 0.05 1.3 63.39 65.72 323.85 386.96 
STDE

V 171.49 85.74 46.30 23.15 0.03 0.66 32.38 39.55 119.19 217.82 

Appendix 9: Altitude class, altitude range, number of quadrats and variation in mean biomass and carbon stocks of different 

carbon pools on different altitude classes

Higher 2125-2225 7 222.70 111.35 60.13 30.06 0.06 1.46 87.06 90.12 320.05 

Middle 2024-2124 16 326.54 163.27 88.17 44.08 0.05 1.36 79.77 82.65 371.14 

Lower 1923-2023 17 324.19 162.09 87.53 43.77 0.04 1.05 38.07 38.23 283.21 
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Appendix 10: Aspects, number of quadrats, and variation in mean biomass and carbon stocks of different carbon pools on dif-

ferent aspects

N 21 366.00 183.00 98.82 49.41 0.06 25.71 68.68 71.71 398.52 

NE 6 254.93 127.47 68.83 34.42 0.05 26.95 51.71 57.70 298.24 

NW 9 256.22 128.11 69.18 34.59 0.05 24.50 65.99 600.10 853.30 

SW 1 136.03 68.01 36.73 18.36 0.02 0.67 95.56 85.60 268.21 

E 2 308.98 154.49 83.43 41.71 0.05 22.27 22.16 28.59 269.22 

W 1 19.17 9.58 5.18 2.59 0.01 15.29 49.30 36.85 113.61 

Appendix 11: Slope class, % slope, number of quadrats and variation in mean biomass and carbon stocks of different carbon 

pools on slope classes.

Lower 25-60 13 77955.55 5996.58 299.83 149.91 80.95 40.48 0.05 26.31 49.86 42.07 308.62 

Middle 60.1-75 14 95787.21 6841.94 342.10 171.05 92.37 46.18 0.05 27.43 71.92 69.54 386.12 

Higher >75 13 72152.03 5550.16 277.51 138.75 74.93 37.46 0.06 22.82 69.13 80.27 348.43 
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Appendix 12: List of plant species with their code, scientific name, vernacular name in Amharic, author, Family and habitat 

for Weiramba Forest (Ha = Habit, T = Tree, S = Shrub, T/S = Tree/Shrub)

S/N Vernacular Name Scientific Name Family Ha Code No. 

1 Grar Acacia albida Del. Fabaceae  T Ze6 

2 Akacha/ Mimosa Acacia decurrens Willd. Fabaceae  T Ze7 

3 Doret Acacia etbaica subsp. Etbaica Schweinf.  Fabaceae  T Ze8 

4 Grar Nech Acacia sieberiana Var. Woodii. Fabaceae  T Ze9 

5 Embis Allophylus abyssinicus (Hochst.) Radlk. Sapindaceae  T Ze10 

6 Keraro Aningeria adolfi-friedericii .Engl. Sapotaceae T Ze1 

7 Bedeno Balanites aegyptiac L.(Del.) Balanitaceae T/S Ze2 

8 Ziggta/Digtta Calpurnia aurea (Ait.) Benth. Fabaceae S Ze3 

13 Dingay seber Canthium  oligocarpum Hiern  Rubiaceae  T/S Ze4 

9 Agam Carissa edulis Vahl Apocynaceae  T/S Ze5 

10 
Arzelibanos / Shew-
shewe Casuarina equisetifolia Benth. Casuarinaceae T Ze11 

11 Misirich Clerodendron  myricoides(Hoechst)R.Br.ex.Vatke Verbenaceae  S Ze12 

12 Bisana Croton  macrostachyus Del. Euphorbiaceae  T/S Ze13 

14 Yeferenji-Tsid Cupressus lusitanica Mill. Cupressaceae T Ze18 

15 Kitkita Dodonaea  anguistifolia   L.f. Sapindaceae T/S Ze14 

16 Ulaga Ehretia cymosa Thonn. Boraginaceae T/S Ze22 

17 Key Bahirzaf Eucalyptus camaldulensis Dehnh. Myrtaceae T Ze16 
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S/N Vernacular Name Scientific Name Family Ha Code No. 

18 Dedeho Euclea  divinorum Heirn Ebenaceae  T/S Ze19 

19 Lenkuata Grewia  ferruginea Hochst.ex.A.Rich Tiliaceae  S Ze20 

20 Sefa Grewia bicolor Juss. Tiliaceae  S Ze15 

21 Yetebmenja Zaf Jacaranda mimosifolia D. Don Bignoniaceae T Ze17 

22 Yehabesha Tsid Juniperus procera Hochst.ex Endl. Cupressaceae  T Ze23 

23 Lucina Leucaena leucocephala (LAM.) de wit. Fabaceae T/S Ze24 

24  Atat Maytenus arbutifalia (A. Rich.) Wilczek Celastraceae  S Ze25 

25  Kechem Myrsine africana L Myrsinaceae S Ze26 

26 Weira Olea europaea subsp. cuspidata (Wall.ex G.Don) Cif. Oleaceae  T Ze27 

27 Keret Osyris quadripartita Dec. Santaleceae S Ze28 

28 Kefeta / Ahot Pittosporum  viridiflorum Sims Pittosporaceae  T/S Ze21 

29  Chocho           Premna  schimperi Engl. Verbenaceae  S Ze29 

30 Tikur Enchet / Homa Prunus africana (Hook. f.) Kalkm. Rosaceae  T Ze30 

31 Seged Psydrx schimperiana (A.Rich.) Bridson Rubiaceae  T Ze31 

32 Kega Rosa abyssinica  R.Br. ex Lindl.' Rose. Rosaceae  S Ze32 
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Appendix 13: Plant Families with their genera and species distribution in the study 

S/N Family Genera Genera % Species Species % 

1 Apocynaceae  1 3.70 1 3.23 

2 Balanitaceae 1 3.70 1 3.23 

3 Bignoniaceae 1 3.70 1 3.23 

4 Boraginaceae 1 3.70 1 3.23 

5 Casuarinaceae 1 3.70 1 3.23 

6 Celastraceae  1 3.70 1 3.23 

7 Cupressaceae 2 7.41 2 6.45 

8 Ebenaceae  1 3.70 1 3.23 

9 Euphorbiaceae  1 3.70 1 3.23 

10 Fabaceae  3 11.11 6 19.35 

11 Myrsinaceae 1 3.70 1 3.23 

12 Myrtaceae 2 7.41 2 6.45 

13 Oleaceae  1 3.70 1 3.23 

14 Pittosporaceae  1 3.70 1 3.23 

15 Rosaceae  2 7.41 2 6.45 

16 Rubiaceae  2 7.41 2 6.45 

17 Sapindaceae  2 7.41 2 6.45 

18 Sapotaceae 1 3.70 1 3.23 

19 Tiliaceae  1 3.70 2 6.45 

20 Verbenaceae  1 3.70 1 3.23 

  Total 27 100 31 100 
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Appendix 14: List and numbers of seedling, sapling and mature woody species of Weiramba Forest

S/N Species Sapling Seedling Mature Total 

1 Acacia albida 15 28 499 542 

2 Acacia decurrens 1 10 19 30 

3 Acacia etbaica susp. Etbaica 0 0 23 23 

4 Acacia sieberiana 1 0 30 31 

5 Allophylus abyssinicus 71 55 307 433 

6 Aningeria adolfi-friedericii 0 0 13 13 

7 Balanites aegyptiac 0 0 3 3 

8 Calpurnia aurea 0 2 16 18 

9 Canthium  oligocarpum 3 0 6 9 

10 Carissa edulis 61 42 230 333 

11 Casuarina equisetifolia 0 0 1 1 

12 Clerodendron  myricoides 3 5 5 13 

13 Croton  macrostachyus 0 0 5 5 

14 Cupressus lusitanica 0 0 25 25 

15 Dodonaea  anguistifolia 309 288 273 870 

16 Ehretia cymosa 0 0 3 3 

17 Eucalyptus camaldulensis 0 0 94 94 

18 Euclea  divinorum 153 317 159 629 

19 Grewia  ferruginea 20 9 1 30 

20 Grewia bicolor 0 0 42 42 

21 Jacaranda mimosifolia 0 0 4 4 
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S/N Species Sapling Seedling Mature Total 

22 Juniperus procera 0 0 29 29 

23 Leucaena leucocephala 0 0 4 4 

24 Maytenus  arbutifalia 70 68 126 264 

25 Myrsine Africana 83 336 31 450 

26 Olea europaea subsp.Cuspidata 32 40 1061 1133 

27 Osyris quadripartite 14 5 33 52 

28 Pittosporum  viridiflorum 30 59 487 576 

29 Premna  schimperi 27 22 10 59 

30 Prunus  Africana 0 0 5 5 

31 Psydrx schimperiana 0 0 2 2 

32 Rosa abyssinica 0 22 1 23 

  Total 893 1308 3547 5748 

  Total/ha 1116 1635 4434 7185 
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Appendix 15:  Environmental variables and their quadrats

Altitude Class Altitude Range (m) 
Total qua-
drats 

          Quadrats found 

Higher 
2125-2225

7 P3, P40, P39, P38, P22, P26, P27 

Middle 
2024-2124

16 
P23, P24, P25, P5, P4, P21, P18, P14, 
P20, P13, P19, P16, P17, P15, P34, P12 

Lower 
1923-2023

17 
P33, P2, P35, P32, P36, P1, P37, P6, 
P6, P9, P11, P8, P28, P10, P29, P30, P31 

Slope class 
Slope range (%) Total qua-

drats Quadrats Found 

Altitude Class Altitude Range (m) Total qua-
drats

Quadrats found

Higher 
>75 

13 
P40, P38, P7, P13, P20, P39, P6, P8, 
P9, P12, P23, P24, P33 

Middle 
60.1-75 

14 
P3, P4, P19, P26, P36, P10, P25, 
P34, P1, P14, P15, P18, P21, P35 

Lower 
25-60 

13 
P2, P16, P31, P17, P22, P37, 
P5, P27, P28, P11, P29, P30, P32 

Aspect Total quadrats Quadrats Found 

N 21 
P5, P8, P9, P10, P11, P15, P20, P22, P23, P24, 
P25, P27, P28, P29, P31, P32, P34, P35, P38, P39, P40 

NE 6 P1, P2, P19, P30, P36, P37 

NW 9 P3, P4, P7, P13, P14, P18, P21, P26, P33 

SW 1 P16 

E 2 P12, P17 

W 1 P6 
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Appendix 16: Results of ONE WAY ANOVA relating different carbon pools to environmental variables (altitude, aspect and 

slope)

ONEWAY AGC BGC LC SOCD1 SOCD2 BY Altitude 
         /MISSING ANALYSIS. 

 [DataSet10] D:\Zelalem doc final\Zelalem’s Paper file\Field data & info\ ANOVA final for all parameters for Cstock.sav] 

ANOVA

Sum of Squares Df Mean Square F Sig.

Above Ground Carbon 

Between Groups 14212.257 2 7106.128 

.965 .390 Within Groups 272523.153 37 7365.491 

Total 286735.410 39 

Below Ground Carbon 

Between Groups 1036.133 2 518.067 

.965 .390 Within Groups 19865.937 37 536.917 

Total 20902.070 39 

Litter Carbon 

Between Groups .634 2 .317 

.708 .499 Within Groups 16.579 37 .448 

Total 17.213 39 

Soil Organic Carbon 

Depth 1(0-20 cm) 

Between Groups 18977.575 2 9488.788 

16.024 .000 Within Groups 21909.825 37 592.157 

Total 40887.400 39 

Soil Organic Carbon 

Depth 2(21-40 cm) 

Between Groups 19462.835 2 9731.418 

8.669 .001 Within Groups 41533.319 37 1122.522 

Total 60996.154 39 
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ONEWAY AGC BGC LC SOCD1 SOCD2 BY Slope 
         /MISSING ANALYSIS. 

 [DataSet10] D:\Zelalem doc final\Zelalem’s Paper file\Field data & info\ ANOVA final for all parameters for Cstock.sav] 

ANOVA

Sum of 

Squares 

Df Mean Square F Sig. 

Above Ground Carbon 

Between 

Groups 
6675.906 2 3337.953 

.441 .647 
Within Groups 280059.505 37 7569.176 

Total 286735.410 39 

Below Ground Carbon 

Between 

Groups 
486.615 2 243.307 

.441 .647 
Within Groups 20415.455 37 551.769 

Total 20902.070 39 

Litter Carbon 

Between 

Groups 
.212 2 .106 

.231 .795 
Within Groups 17.001 37 .459 

Total 17.213 39 

Soil Organic Carbon 

Depth 1(0-20 cm) 

Between 

Groups 
3574.198 2 1787.099 

1.772 .184 
Within Groups 37313.202 37 1008.465 

Total 40887.400 39 

Soil Organic Carbon 

Depth 2 (21-40 cm) 

Between 

Groups 
12446.328 2 6223.164 

4.743 .015 
Within Groups 48549.826 37 1312.157 

Total 60996.154 39 
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ONEWAY AGC BGC LC SOCD1 SOCD2 BY Aspect 
         /MISSING ANALYSIS. 

[DataSet10] D:\Zelalem doc final\Zelalem’s Paper file\Field data & info\ ANOVA final for all parameters for Cstock.sav]  

ANOVA

Sum of 

Squares 

df Mean Square F Sig. 

Above Ground Carbon 

Between 

Groups 
59179.920 5 11835.984

1.768 .146 
Within Groups 227555.574 34 6692.811

Total 286735.494 39

Below Ground Carbon 

Between 

Groups 
4313.960 5 862.792

1.768 .146 
Within Groups 16588.092 34 487.885

Total 20902.052 39

Litter Carbon 

Between 

Groups 
2.081 5 .416

.935 .471 
Within Groups 15.132 34 .445

Total 17.213 39

Soil Organic Carbon  

(0-20 cm depth) 

Between 

Groups 
2516.461 5 503.292

.446 .813 
Within Groups 38370.939 34 1128.557

Total 40887.400 39

Soil Organic Carbon 

(21-40 cm depth) 

Between 

Groups 
3155.711 5 631.142

.371 .865 
Within Groups 57840.443 34 1701.190

Total 60996.154 39
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