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WOODY SPECIES DIVERSITY AND CARBON STOCK IN COFFEE-

BASED HOMEGARDEN AGROFORESTRY IN DELLOMENNA  

DISTRICT OF BALE ZONE, SOUTHEASTERN ETHIOPIA 

ABSTRACT 
Agroforestry is accompanies different diversity of plants and has a unique capacity of balancing 

the net carbon emissions as a sink and reservoir for carbon dioxide at both above and belowgrou

nd. The objective of this study was to investigate woody species diversity and carbon stock in 

coffee-based homegarden agroforestry in the Dellomenna District of Bale Zone, Ethiopia. Three 

study kebeles (Wabaro, Erba and, Chiri) were selected purposively. In each selected kebele, two 

sites were identified and selected randomly. Within sites systematic sampling techniques were 

employed to select the homegardens and laid down plots. Hence, forty-eight sample plots each 

having an area of 10 *10 m was laid for trees and shrubs with a height of >1.5 m and DBH 

>2.5cm.Within major plots five subplots of 2*2 m, at four corners and in the center, were laid 

for seedling /saplings having height > 0.50 m and less than 1.5 m or with D40 cm or DBH <2.5 

cm including the seedlings with a height of <0.50 m. Therefore, the diameter and heights were 

measured by using diameter tape and hypsometer respectively. Trees, saplings and seedlings 

encountered in the plots were recorded and identified using the standard procedure. Soil 

samples from four corners and at the center were taken by pressing an auger to a depth of 30 cm

. Hence, 48 composite soil samples were used for organic carbon determination. Undisturbed soi

l bulk density was collected by using a 6.2 cm length and 5 cm diameter core sampler for this pur

pose 48 soil samples were used. AGB of individual trees and coffee was estimated using allometr

ic equation of AGB (tree) = 0.091 * d
2.472 

and AGB (coffee) = 0.147*d
2
40 cm respectively. Then 

means exhibited significance difference was tested by LSD at p<0.05 using Genstat18th edition 

(software). The diversity of woody species was analyzed by using diversity indices. A total of 39 

woody species representing 24 families were recorded. Out of the total woody species 

encountered in the 48 quadrats, 71.9 % were trees and shrubs, 28.1 % was seedlings and 

saplings. Shannon diversity and evenness at kebele level were ranged from 1.68 - 2.5 and 0.64 - 

0.79 respectively. The mean Shannon diversity and evenness at plot level and structural 

parameters show significant variation at p<0.05. Almost 96.07% of the variation of the carbon 

stock of woody species in coffee based homegarden agroforestry was due to diameter variation 

and the remaining 3.93% variation was due to other unexplained factors. The overall mean of 

each carbon pool in the coffee based homegarden agroforestry was 48.63,9.73 and, 111.2ton 

ha
 1

for AGBC, BGBC and, SOC respectively.The total mean carbon stock for biomass and SOC  

stock were 175.1  and 333.5 ton per hectare respectively. Generally the study indicates that coffe

e-based homegarden agroforestry could be one option to combat the problems of climate change 

through reducing the carbon emission. However, coffee-based homegarden agroforestry of the 

area is dominated by a fruit trees and this result in low species diversity decline in the frequency 

of some indigenous woody species, leading to a loss in carbon stock and species diversity.  

Keywords:  Biomass, carbon sequestration, Dellomenna, soil organic carbon, woody species 

 



 
 

 

1. INTRODUCTION 

1.1. Background of the Study 

Increases in the emissions of the greenhouse gases carbon dioxide (CO2), methane (CH4) and 

nitrous oxide (N2O) are causing climate change. Agricultural land is a major contributor of 

GHGs, accounting for 14% of global emissions (Schaffnit-Chatterjee, 2011). In east and west 

Africa, GHG emissions from agriculture in the mid 2000 were reported to be 129 million Mg 

CO2e y-
1
 excluding irrigated rice cultivation, of which 84% was accounted for by livestock, 

11% by conversion of native land to crop land, and the remainder from nitrogen fertilizer 

consumption and fires on grazing land (Brown et al., 2012). Annual GHG emissions from the 

agricultural sector in Ethiopia for the period 2001−2006 were estimated to be 50.9 million 

Mg CO2e y
-1,

 of which conversion of native land to cropland accounted for 14%, livestock 

sector 82% and the rest accounted for use of nitrogen fertilizers and grazing area burned 

(Brown et al., 2012). If the current rate of land use conversion continues, GHG emissions 

from Ethiopia will increase from 150 million Mg CO2e in 2010 to 400 million Mg CO2e in 

2030 (Bishaw et al., 2013). Agroforestry is one of the central options to mitigation of climate 

change due to many trees species in agroforestry systems can sequester C for 30−50 years 

until they attain rotation age, and in some cases, trees can be maintained in the system for up 

to 300 years (Pandey, 2002). 

According to Montagnini and Nair (2004), tree components of agroforestry systems are one 

of the options to sink atmospheric C due to their fast growth and productivity, high and long-

term biomass carbon stock, and extensive root system.The C storage potential of agroforestry 

systems in semiarid, sub-humid, humid and temperate regions has been estimated to be 9, 21, 

50 and 63 Mg C ha
-1

, respectively (Montagnini and Nair, 2004). The potential of above 

ground C stock of agroforestry systems in humid tropics extend up to 70 Mg C ha
-1

 (Mutuo 

et al., 2005). Soil ecosystem of agroforestry land use system also plays a major role in global 

C sequestration (Lal, 2002). For instance, the soil under cocoa agroforestry store 37 Mg C ha
-

1
 in the Southern Cameroon (Sonwa et al., 2009). Some of the traditional agroforestry 

practices in our country Ethiopia include coffee shade tree systems, scattered trees on the 

farm land, homegardens, woodlots, farm boundary practices and trees on grazing lands 

(Abebe, 2005). From these practices coffee- based homegarden agroforestry practice is one 
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of the most central types of agroforestry systems applied in the current study area (Bikila and 

Zebene, 2016). It is characterized by the complexity of their species diversity, structure and 

multiple functions (Megabit et al., 2018). It also may present an attractive opportunity for 

coffee growers to benefit economically if the C sequestered sold through carbon trading 

(Nair et al., 2009b). Despite various benefits of coffee based-homegarden  agroforestry 

system, few scientific studies has been paid to the role of coffee-based homegarden 

agroforestry systems in the direction of carbon stock and woody species diversity. Therefore, 

the present study aimed to provide better information simultaneously on the extent of woody 

species diversity and carbon stocks in coffee-based homegarden agroforestry at Dellomenna 

District, of Bale zone South Eastern Ethiopia. 

1.2. Statement of the Problem  

The antagonistic effects of climate change on human life, livelihoods and the ecosystem have 

made it necessary to have proper climate change mitigation strategies (Nair et al., 2009). 

Agroforestry attracted special attention as a carbon sequestration strategy since agroforestry 

practices provide dual function through its multi-functional role in providing income and 

ecosystem services (Bikila and Zebene, 2019). At the same time store and conserve large 

amounts of carbon on the system (Bikila and Zebene, 2019). This was in recognition of the 

perceived advantages of the large volume of above-ground biomass and deep root systems of 

trees in accomplishing that task (Nair et al., 2009).  

The rate of the carbon stock of land-use is highly dependent on the presence of woody species 

(Bikila and Zebene, 2019). The level of woody species diversity and overall carbon stocks in 

coffee-based homegarden and their contribution does not yet well known by scientific 

communities even though, it has been practiced by many farmers in different corners of the 

country; Ethiopia for many years by traditional and cultural way of cultivation (Beyene et 

al.,2018).  

However, rapid population growth and increased population density have contributed to land-use

 changes threatening the sustainability of indigenous woody species in coffee based homegarden 

(Beyene et al., 2018).  Woody species diversity in the coffee based homegarden agroforestry of 

Dellomenna district provides a wide variety of economic importance and environmental services 
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(Bikila and Zebene, 2016). Previous  studies on agroforestry  at  Dellomenna district was concent

rated only at some part of the agroforestry practice that does not give more attention for 

coffee-based homegarden practice in line with woody species diversity and carbon stock. In 

addition to this, a quantified carbon data with concern to coffee-based homegarden agroforestry 

and core information towards carbon stock was  not sufficiently well organized and documented 

in the study area.Therefore, the present study aimed to provide better information simultaneously

 on the extent of woody species diversity and carbon stocks in coffee-based homegarden agrofore

stry at Dellomenna district  of Bale zone,  Southeastern Ethiopia.  

1.3. Scope of the Study 

This study focused on the issues pertaining to woody species diversity and overall carbon stocks 

in coffee-based homegarden in the Bale zone at Dellomenna district.  

1.4. Significance of the Study 

Ecological functions of the shade trees in coffee-based Agroforestry system are offer 

environmental services  such  as; recycling nutrients (Lopez-Rodriguez et al., 2015) , driving soil 

conservation (Lin and Richards, 2007) and regulating biomass production (Evizal et al., 2009)  

including fire wood and timber as a source of alternative income (Shalene et al., 2014). Due to 

the high income source, coffee-based agroforestry practices are strongly developed and 

cultivated by many farmers (Bikila and Zebene, 2016). For instance homegardens in Southern 

Ethiopia are regarded as efficient farming systems, allowing interactions and synergies between 

crop, tree and livestock components (Beyene et al., 2018). There is also a strong need to generate 

relevant data on important components of the coffee-based homegarden agroforestry system 

(Worku and Dejene, 2017).  

Furthermore understanding the current conditions of woody species diversity and carbon stock in

side the coffeebased homegarden agroforestry is essential for improvement and effective manage

ment of the traditional homegarden agroforestry practices. In other ways documenting the woody 

species diversity and carbon stock in coffee-based homegarden may open the gateway for other 

scientific empirical and rigorous evaluation of climate change. Hence, understanding the current 

condition of the systems is vital for sustainability of woody species diversity and documenting 
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carbon stock data in order to provide key information for decision makers in the current study 

area. 

1.5. Objectives of the Study 

1.5.1. General objective 

The general objective of this study was to investigate woody species diversity and carbon stocks 

in coffee-based homegarden agroforestry system in the Dellomenna district of Bale Zone, 

Ethiopia. 

1.5.2. Specific objectives 

1. To identify the woody species diversity,structure and composition in coffee-based 

homegarden agroforestry system 

2. To assess the carbon stocks in coffee-based homegarden agroforestry 
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2. LITERATURE REVIEW 

2.1. Definition and Concepts of Agroforestry  

Agroforestry is the collective term for land-use systems and technologies in which woody 

perennials (e.g. trees, shrubs, palms or bamboos) and agricultural crops or animals are used 

deliberately on the same parcel of land in some form of spatial and temporal arrangement. 

Agroforestry can also be defined as a dynamic, ecologically-based natural resource management 

system that, through the integration of trees on farms and in agricultural landscapes or through 

the production of agricultural products in forests, diversifies and sustains production for 

increased economic, social and environmental benefits for land users (ICRAF, 2000). According 

to Nair et al.(2012)  defined as the practices of purposeful cultivation of trees and crops and/or 

animals, in interacting combinations, for a variety of benefits and services such as increasing 

crop yields, reducing food insecurity, enhancing environmental services and resilience of agro- 

ecosystems.  

It is a successful form of land use that achieves increased production, ecological stability and 

helps to maintain a high number of species outside their native forest habitat (Mesele, 2013). 

Traditional agroforestry systems are common and major types of land-use systems in the current 

study area. Farmers consider trees as an integral part of agriculture, which provides solutions to 

many land-use problems and constraints (Bikila and Zebene, 2016). In these practices, farmers 

preserve native tree/shrub species for purposes such as fuelwood or fruit production, crop 

protection (Biruk, 2006) and soil fertility improvement (Tadesse et al., 2008). It also provides 

various ecosystem services. Some of the benefits are diversification of household income, fiber, 

food and energy to local communities and also provides cultural services such as agro-tourism, 

aesthetic values and education (Mesele, 2013). It also provides regulating services such as soil 

conservation, watershed protection, pest control and sinks for carbon and thereby contributing to 

the mitigation of global climate change (IPCC, 2014).  
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2.2. Coffee-Based Homegarden Agroforestry System in Ethiopia 

Homegarden agroforestry systems are suggested to hold a large potential for climate change 

mitigation and adaptation. This is due to their multifunctional role in providing income, food and 

ecosystem services while decreasing pressure on natural forests and hence saving and storing 

carbon (Mattsson et al., 2014). It can be defined as land-use system involving deliberate 

management of multipurpose trees and/or shrubs in intimate association with annual and/or 

perennial agricultural crops and invariably livestock within the compounds of individual houses, 

the whole tree-crop animal unit being intensively managed by family labor (Bekele, 2017).  

Woody species are a portion of coffee-based homegarden since coffee shrubs and tree integrates 

that contribute to the source of income diversification (Tesfaye, 2005).  

Cultivation of different plants in homegardens for self-sufficiency has a long tradition in 

Ethiopia (Beyene et al., 2018). Few documented scientific analyses indicate that traditional 

agroforestry practices in southern Ethiopia have persisted for long period and kept the farming 

system stable and sustainable (Zebene, 2003). Coffee- based homegarden agroforestry practice is 

one of the most central types of agroforestry systems applied in the current study area, which is 

seeing as a multidimensional system with biophysical and socioeconomic components (Yitebtu, 

2009). According to Ginoga et al. (2006) coffee multi-stratum agroforestry systems are classified 

according to the tree species that dominate the system. For example, if the system is dominated 

by timber-producing tree species it is referred to as a Timber-based multi-stratum system. Again 

if, the system is dominated by fruit-bearing species then the system is called a fruit-based multi-

stratum system, if the system is dominated by shade trees then it is referred to as a shade-based 

multi stratum agroforestry system. Finally, if coffee shrubs dominate the system, it refers to as 

coffee-based multi stratum agroforestry system (Ginoga et al., 2006).  

A coffee-based agroforestry system refers to coffee agroforests whose upper strata are dominated 

by shade trees (Ginoga et al., 2006), but are commonly managed in association with other 

perennial crops or food crops, and fruit and timber trees (Yitebtu, 2009).  According to Wirsum 

et al. (2008), depending on intensity of management, level of coffee domestication and diversity 

of shade trees and other plants different forest-based coffee productions are distinguished. 
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2.2.1. Forest coffee system 

Self-sown and grown under the full coverage of natural open access, area of little distributed 

rainforest and are rich in biodiversity. In this system, there is no management to improve 

coffee production 

2.2.2. Semi-forest coffee system 

Semi-forest coffee system, coffee shrubs are planted after removing the lower strata of the 

forest and thinning the overstory to improve light penetration. In this, berries are also collect 

from naturally grown coffee.   

 2.2.3. Garden coffee system 

Garden coffee system, coffee is planted and managed in the area surrounding the farmer‟s 

home. The garden coffee system, also known as the traditional polyculture coffee system, 

usually consists of Coffee arabica L. shrub and understory food crops, growing in the shade 

of diverse canopy tree species.   

2.2.4. Coffee plantation system  

Private coffee farmers (investors) or the government grows planting coffee on a large scale. 

It is usually well managed and accounts for about 15% of the total coffee production. 

Plantation coffee can be regarded as an intensive technician system. 

2.3. Woody Species Diversity in Coffee-Based Homegarden Agroforestry  

Structural diversity in agroforestry refers to how vegetation (woody and herbaceous) 

communities are structure both horizontally and vertically across a given area (Andreu et al., 

2009). Diameter, height, crown area, crown condition, leaf area, total biomass and their 

spatial distribution are some of the physical attributes of forests/agroforests used to determine 

their structure (Bikila and Zebene, 2016).  

Through this quantification process, the structure of forests/agroforests can relate to specific 

forest functions. The structural complexity of homegardens varies, ranging from complex 

and diverse forms containing numerous species and strata to less complex forms, with one or 

two crop/tree mixtures (Badege and Abdu, 2003). Around Dilla area and Wonado traditional 
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homegardens are a good example of the complex, composed of a wide range of woody 

species constituting diverse structural and functional assemblages (Yitebitu, 2009). Different 

studies revealed that broad-leaved trees like Millettia ferruginea, Cordia africana, Croton 

macrostachyus, Albizia gummifera, Ficus spp., some Acacia spp. and fruit crops (Persea 

americana and Mangifera indica) are among the woody species that dominated the upper 

story of the coffee-based agroforestry practice. Different studies indicated that homegarden 

agroforestry practice can hold different woody species within homegarden 

for instance; Bikila and Zebene (2016) reported that 0.14 - 2.54 Shannon diversity in the 

Delloomenna district, Southeastern Ethiopia. 

Similarly, Mattsson et al. (2014) at Moneragala district Sri lank record 0.76 to 3.01 Shannon 

diversity. The finding of Kasahun (2019) also recorded mean Shanno diversity and evenness 

at plot level 1.54 to 1.14 and 0.45 to 0.41 respectively. Abiot and Gonfa (2015) also reported 

diversity and evenness which ranged from 2.53 to 2.73 and 0.91 to 0.99 respectively. On the 

other hand Tefera et al. (2019) reported 1.75 to 2.29 species diversity that was conducted at 

Shashemene district, Ethiopia. Furthermore 55 woody species were recorded in Dellomenna 

district, southeastern Ethiopia, the study of traditional agroforestry practice conducted by 

Abiot and Gonfa (2015). 

 Correspondingly Bikila and zebene (2016) were also reported 39 woody species in a 

correlate study in the Dellomenna district southeast part of Ethiopia . Furthermore, Kasahun 

(2019) reported the Shannon diversity and evenness at site level which ranged from 2.17 to 

2.34, 0.38 to 0.57 respectively.  On the other hand, Ewunetu and Zebene (2018) also 

recorded a total of 29 tree species in the coffee based agroforestry of Babo Gembel District o

f Western Wellega, Ethiopia respectively. In this way Ewunetu and Zebene, (2018), overall 

mean value of the number of tree species were 4.65 per plot and 24(83%) of the total 

recorded species were indigenous, while the remaining 5 (17%) were exotic to the area. 

Yitebitu (2009) identified 34 tree species in the Dilla area in Gedeo Zone, and Muktar (2006) 

recorded a total of 108 tree and shrub species on the farm level in Arbegona district, highland 

of Southern Ethiopia.Motuma (2006) also stated that the presence of woody species in 

agricultural landscapes may favor the survival of other organisms, hence contributing to the 

wider conservation of biodiversity. Additionally, Coffee-based Agroforestry is one way of   
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biodiversity conservation by having high species diversity and incorporation of diverse nativ

e species and enhanced habitat and landscape heterogeneity (Ewunetu and Zebene, 2018). Ba

sed on this evidence agroforestry can support and maintain a high number of species. Traditi

onal tree management in the form of agroforestry, especially if designed to allow for the colo

nization and establishment of diverse understory plant communities with native tree species, 

can give refugees for a considerable number of native woody species as well as another 

biodiversity (World Bank, 2009).   

Particularly, the coffee-based agroforestry system is one of the productive systems capable of 

sustaining a highly diverse plant community. Shade-grown coffees have higher levels of 

biodiversity in comparison to sun coffee (Ewunetu and Zebene, 2018). Accordingly, the 

founding of different studies shows the existence of diverse tree species in the shade coffee 

agroforestry system. Generally, the promotion of agroforestry practices can help to support 

and conserve more biodiversity than monocultures (Joseph and Miller, 2007). 
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2.4. Carbon Stocks in Coffee-Based Agroforestry Systems  

Agroforestry systems provide wonderful opportunities for carbon sequestration and mitigating    

climate change. The average above-ground C storage potential of agroforestry systems in 

semiarid, sub-humid, humid and temperate regions has been estimated to be 9, 21, 50 and 63 Mg 

C ha
-1

, respectively (Messele, 2013). According to Abiot et al. (2019) a study conducted on 

woody species and soil carbon stock under patch natural forests and adjacent enset coffee-based 

agroforestry in the midland of Sidama zone, Ethiopia and reported that 175.3 Mg ha
-1

 of carbon 

was stored in Enset coffee-based agroforestry practice. Additionally the case of Ethiopia Bikila 

and zebene (2019) reported that total carbon stock by shade-grown coffee agroforestry practice 

was 266.61 Mg ha
-1

.  

A study by Mutuo et al. (2005) on agroforestry systems in humid tropics showed that they could 

sequester up to 70 Mg C ha-1 in above-ground biomass. The idea of agroforestry stems from the 

predictable role of on-farm and off-farm tree production in supporting sustainable land-use and 

natural resource management. This concept is based on the evidence that land-use systems that 

are structurally and functionally more complex than either crop or tree monocultures result in 

greater efficiency of resource (nutrient, light, and water) capture and utilization and greater 

structural diversity that entail tighter nutrient cycles. While the above- and below-ground 

diversity provides more system stability and resilience at the site-level, the systems provide 

connectivity with forests and other landscape features at the landscape and watershed levels 

(Nair et al., 2008). 

 

Agroforestry systems have been shown to sequester large amounts of CO2 (Schoeneberger, 

2008). Many trees species in agroforestry systems can sequester C for 30 to 50 years until they 

attain rotation age, and in some cases, trees can be maintained in the system for up to 300 years 

(Pandey, 2002). Agroforestry systems have been shown to have greater C stocks than field crops 

or pastures (Nair et al., 2009; Nair 2011; Demessie et al., 2013).  In a review by Nair et al. 

(2009), the global C sequestration potential of agroforestry systems (above and below-ground 

biomass only) varied from 0.29 Mg C ha
–1

 y–1 for a fodder bank agroforestry system in West 

African Sahel to 15.21 Mg C ha
–1

 y
–1

 for a mixed-species stand of Casuarina equisetifolia (L.), 

Eucalyptus robusta (Sm.) and Leucaena leucocephala (Lam.) de wit at age of 4-year-old in 
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Puerto Rico. Montagnini and Nair (2004) give an estimate of the C sequestration of mainly 

tropical agroforestry systems of 1.5 to 3.5 Mg C ha
-1

 y
-1

. In sub-Saharan African, C sequestration 

in agroforestry systems (parkland, live fence, and homegardens) range from 0.2 to 0.8 Mg C ha
-1

 

y
-1

 while in rotation woodlots C sequestration ranges from 2.2 to 5.8 Mg C ha
-1

 y
-1

 (Luedeling et 

al., 2011). The C sequestration potential in the biomass and soil of agroforestry systems in East 

and West Africa is estimated to be 6–22 Mg CO2e ha
-1

 y-
1
 (Brown et al., 2012). In general, 

temperate agroforestry systems have lower C sequestration rates than tropical agroforestry 

systems (Nair et al., 2009, Srivastava et al., 2012). Carbon pools are components of the 

ecosystem that can either accumulate or release carbon and have typically split into two main 

categories (1) biomass carbon stocks and (2) soil carbon stocks. These types, in the context of 

agroforestry are discussed below. 

2.4.1. Biomass carbon stocks 

Carbon storage depends largely on species composition (Henry et al., 2009) and thus there may a 

close relationship between C stocks and agroforestry practices. A land- use system consisting of 

tree species with high woody plant density will have higher biomass carbon storage (Henry et 

al., 2009).  

 2.4.2. Above-ground biomass carbon stock 

Above-ground biomass carbon stock is the carbon in all living biomass above the soil, including 

stem, stump, biomass branches, bark, seeds, and foliage (FAO, 2010). This component represent

s the most easily and reliably reported pool in agroforestry plantings and captures the majority of 

new carbon sequestered by this system (Schoeneberger, 2009).  It is possible to add above-

ground C storage capacity through planting a broader diversity of living forms, including coffee-

based agroforestry.  Coffee agroforests accumulate a high amount of above-ground biomass than 

monoculture (Perfecto et al., 2007). 

2.4.3. Below-ground biomass 

Below-ground biomass carbon stock is the carbon pool in live root biomass. Fine roots of less 

than 2 mm biomass diameter are excluding, because these often cannot be distinguishing 
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empirically from soil organic matter or litter (FAO, 2010). There is tremendous difficulty 

assessing below-ground woody biomass, even in relatively uniform conditions, such as managed 

plantations (Schoeneberger, 2009). Quantifying this pool can be expensive and no practical 

standard techniques yet exist (Brown, 2002). In tree-based agroforestry, root or below-ground 

biomass is estimated as 25% of above-ground biomass.  

2.4.4. Soil carbon stocks 

Soil is the largest carbon pool in the terrestrial ecosystem. Global carbon storage in soil is three 

to four times greater than that in vegetation (Takahashi et al., 2010). In agro-ecosystems, organic 

C stocks in the soil often represent the largest C sink (Henry et al., 2009). Soil organic carbon 

stock is a carbon pool in mineral and organic soils (including peat) to a specified depth chosen 

by the country and applied consistently through the time series (FAO, 2010). Soil organic carbon 

is recognizing as a strategy for carbon sequestration under the CDM of the Kyoto Protocol (Nair 

et al., 2009b). The impact of any agroforestry system on soil C sequestration depends largely on 

the amount and quality of input provided by the tree and non-tree components of the system and 

on properties of the soils themselves, such as soil structure and their aggregations (Nair et al., 

2009a). The amount of soil organic carbon (SOC) in agroforestry systems differs with regions, 

agroforestry systems and soil depths (Mesele, 2013). Studies in Brazil have also shown that SOC 

stocks to 1 m depth could reach 408 Mg C ha-1 for silvopastoral systems (Nair et al., 2010). 

SOC stocks in the 0-40 cm layer were the highest for silvopastoral systems, followed by tree 

crop, coffee and traditional systems. Most studies showing improvements of SOC in agroforestry 

systems have concentrated on changes in the topsoil layer, 0–30 cm, where the largest C pools 

are detected (Makumba et al., 2007) 

2.5. Woody Biomass Estimation in Agroforestry 

The accurate and precise measurement of carbon stocks over time, by means of consistent 

approaches would provide the much-needed information in the determination of changes in 

carbon stocks (Brown, 2002). Knowledge of the amount of biomass in an ecosystem is often the 

starting point in biomass carbon estimation. As asserted by Brown and Lugo (1992), most 

researchers have relied on tree biomass inventory as a reliable way of estimating forest biomass 
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because it accounts for the largest fraction of biomass in that ecosystem. Estimation of tree 

biomass could be undertaken through the direct destructive method, or non-destructive methods. 

The direct destructive method yields more precise biomass estimates. However, due to its 

shortcomings of it being costly, labour-intensive, and spatially limited (Basuki et al., 2009), non-

destructive approaches have been developed.The non-destructive methods include deductions 

derived from remote sensing, use of biomass conversion and estimation factors, and estimation 

by use of allometric equations (Bombelli et al., 2009). 

To estimation woody species biomass, the use of allometric equations is the greatest suitable 

since it is non-destructive.  According to Kuyah et al. (2012), tree diameter is, the most widely 

preferred predictor variable because it can be measured with ease and high accuracy, and 

explains over 95% of the variability observed in above-ground biomass. (Kuyah et al., 2016) in 

Miombo woodlands in Malawi, pointed out the diameter at breast height was significantly 

correlated with the aboveground biomass of trees, accounting for over 95% of the variation in 

above-ground biomass. It was concluded that diameter at breast height alone is a robust proxy for 

trees on farm, because diameter at breast height only equations are simpler, less costly and 

provide more effective  predictions in estimating biomass in agricultural lands. 

 On the other hand Kuyah et al. (2016) reported that published models overestimate 

biomass. The application of models outside their diameter at breast height range was resulted in 

bigger errors, especially for the larger trees. Information on error breakdown is important since 

uncertainty in the resultant biomass depends on the size of the tree, and the individual trees of a 

particular size. On another hand Mesele (2013) was developed the coffee equation in case of 

Ethiopia. This equation used to estimate above-ground biomass of coffee which involves 

diameter at forty centimeter. 
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3. MATERIALS AND METHODS 

3.1. Description of the Study Area 

The study was conducted in Dellomenna district, Bale Zone of Oromia Regional State. It is 

found Southeastern part of Ethiopia. It Dellomenna town is located at 570 km Southeast of Addis 

Ababa; the capital city of Ethiopia. The district contains 14 Kebeles with a total area of 461,665 

hectares. It is bordered in the West by Harenna Buluk district, in the East by Berbere and 

Guradamole districts, in the North by Goba district, and in the South by Madda Walabu district 

(Abiot and Gonfa, 2019).  

 

Figure 1: Map of the study area 

A „„Kebele‟‟ is the lowest administrative unit in Ethiopia. It covers an area of about 800 hectares 

usually inhabiting 400-800 households, and it is administered by elected farmers (Tesfaye, 

2005).  A site is a place where small group of farmer‟s live within kebele .  

3.1.1. Geology and soil 

The area is geological including the Dellomenna basalt constitutes which is the main rock types 

of the district that are chemically and mineralogicaly uniform in composition. The dominant soil 

of the district is Nitosol with reddish-brown to red-orange color (Dellomenna agricultural office, 

2020).  
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3.1.2. Climate and topography 

Dellomenna district is characterized by bimodal rainfall with the main rainy season from March 

to June and the short rainy season September to November. The mean rainfall is 986.2 mm and 

the mean annual temperature is 22.5 
0
C. The altitude of the district ranges from 1317 to 1508 m 

above sea level (Bikila and Zebene, 2019). 

3.1.3. Population 

The total population of Dellomenna district was (122,634) with a population density of 21 

persons/km (Dellomenna agricultural office, 2020).  

3.1.4. Means of livelihood. 

There are several sources of livelihood and income for local communities living in the district. 

These include Coffea arabica, honey, Catha edulis, crops, livestock production, timber, and 

other non-timber forest products. These products serve either for household consumption or for 

cash income or both. For example, honey, Catha edulis, and coffee are exclusively for income 

and yield crops and livestock is mainly for household consumption (Bikila and Zebene, 2016). 

3.1.5 Land use 

According to Tadesse and Feyera (2008) the land -use in the Dellomennaa district is categorized 

into forest land use, agriculture, grazing land and settlement. Teff (Eragrostis teff (Zucc.) 

Trotter), maize (Zea mays), sorghum (Sorghum bicolor L.), and haricot bean are the major crops 

grown in the district. Fruits like mango (Mangifera indica), banana (Musa species), papaya 

(Carica papaya), avocado (Persea americana), Annona muricata, and Psidium guajava are 

common in the area. Vegetables including cabbage, carrot, pepper, onion, Irish potato, and sweet 

potato (Ipomoea batatas) are also grown in the area. Various types of traditional agroforestry 

practices are also observed in the area. These include homegarden and multipurpose trees on the 

farmland and farm boundary, agrosilvopastoral and silvopastoral (Bikila and Zebene, 2017). 
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3.2. Sampling Technique and Data Collection  

3.2.1. Sampling techniques  

Before actual data collection, a reconnaissance survey was conducted to collect basic informatio

n and understand the biophysical setting of the study area for the determination of the sampling 

design.  Meanwhile, three kebeles were identified from the total 14 kebeles purposively based on 

the existence and extensive practice of the system, and its accessibility. In each selected kebele, 

two sites were selected randomly. Finally systematic sampling techniques were employed to 

select each homegarden and to lay the plots. Therefore, in each selected sites, eight quadrat 

10m*10 m (it means eight homegarden i.e. one quadrat in one homegarden) were laid for data 

collection, hence overall 48 quadrats in general (i.e.3 kebeles * 2 sites per Kebele * 8 quadrats 

per sites) used to collect the data. 

3.2.2. Data collection method 

Woody species were categorized into different growth phases depending on height and diameter.  

Woody species with a height > 1.5 m and DBH > 2.5 cm were classified as trees whereas those 

with a height > 0.50 m and less than 1.5 m or with  diameter at 40cm or DBH < 2.5 cm were con

sidered as saplings/shrubs (Abrha et al., 2018,Mesele, 2013). Seedlings were considered as those 

stems with a height < 0.50 m. Therefore, trees and shrubs information were collected on a 10 m 

*10 m quadrat (Mesele, 2013).  Within this quadrat five subplots of 2 m*2 m, at four corners and 

in the center, were laid down for seedling /sapling (Abiot and Gonfa, 2015).  

For each coffee shrub measurements were taken at a height of 40 cm from the ground (Mesele, 

2013) which is called diameter at 40 cm. Therefore, DBH (cm), height (m), and DSH (cm) were 

collected. The diameter and heights were measured by using diameter tape and hypsometer 

respectively. The count and complete list of woody species were made for each sample plot 

throughout the entire area and recorded by a local name. Species identification for common 

species was done in the field by using different plant identification keys. For those species which 

were not identified easily on the field, plant specimens were collected and brought to Haramaya 

University Herbarium for identification and identified with the help of different volumes of the 

flora of Ethiopia and Eritrea.  Soil for organic carbon was sampled by using the “X” design with 

a depth of 0 to 30 cm. Van Noordwijk et al. (2002) used this soil depth to determine SOC in the 
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forest to coffee converted areas and again, Abiot et al. (2017); Abiot and Gonfa (2019) and used 

this soil depth to determine SOC stock. Therefore, at each plot, soil samples from four corners 

and at the center were taken by pressing an auger to a depth of 30 cm then, five soil samples in 

each plot were composited. Therefore, 48 composited soil samples (in 48 plots) were used for 

organic carbon determination. Then, approximately 1 kg of composited sample in each plot was 

put into a plastic bag, secured, labeled and was brought to Wondo Genet College of Forestry and 

Natural Resources (WGCF and NRs) soil laboratory for SOC analysis. 

Undisturbed soil bulk density, near to the center of the design was collected by using a 6.2 cm 

length and 5 cm diameter core sampler for this purpose 48 soil sample was used. Hence, Bulk 

density and soil organic carbon sample were separately analyzed following standard laboratory 

procedures and methods (Pearson et al., 2005), at WGCF and NRs soil laboratory.  

3.3. Data Analysis 

The diameter at breast height, diameter at stump height, diameter at forty centimeter for coffee 

shrubs, height, and the number of species in coffee- based homegarden data were summarized, 

tallied, coded, and processed with Microsoft Excel. The comparison between three kebeles of 

carbon stock and woody species diversity was tested by one way ANOVA. Means exhibited 

significance difference was tested by the least significance difference (LSD) at p < 

0.05 using Genstat18
th
 edition (software). The correlation between AGC, AGB and DBH, were   

tested by using Microsoft excel. 

To calculate above-ground biomass, below-ground biomass, species relative density, species 

relative dominance, importance value index, frequency, relative frequency, basal area, soil 

carbon stock and woody species diversity the following formulae and equations were 

manipulated. 

3.3.1. Basal area 

The basal area is a cross-sectional area of woody stems at breast height. It measures the relative 

dominance (the degree of coverage of a species as an expression of the space it occupies) of a 

species in a forest (Bikila and Zebene, 2016). 
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      BA = 
   

 
                                     

Where BA is basal area (m
2
), D is diameter at breast height (cm) and   is pie (with value of 

3.14). The total basal area obtained by adding all trees basal area in the total plot.    

3.3.2. Species relative density (RD %)  

Species relative density is an index for assessing species relative distribution (as in sited in Bikila 

and Zebene, 2016). 

  RD (%) =  
   

 
                              

Where RD (%) is species relative density, ni is the number of individuals s of species i and N is 

the total number of all individual trees all species in the entire community 

3.3.3. Species relative dominance 

Species relative dominance (%) is used in assessing the relative space occupancy of a tree. To 

identify species relative dominance was calculated by the formula (Kent and Coker, 1992). 

  RDO =
  ∑        

∑   
                                                                   

Where Bai is the basal area of all trees belonging to a particular species i and Ban is the basal 

area of all trees in a plot. 

3.3.4. frequency   

Frequency is defined as the probability or chance of finding a species in a given sample area or 

quadrat (Moreno et al., 2011). 

3.3.5. Relative frequency (RF) 

    
                      

                        
*100                                                                        

 3.3.6. Importance value index (IVI) 

IVI is used to show the relative ecological significance of the species in agroforestry. It was 

computed as follows (Moreno et al., 2011).  

IVI = Relative frequency + Relative density + Relative dominance                            
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3.3.7. Species diversity 

      ∑        
                               

Where; H’ = is Shannon diversity index, Pi= is proportion of individuals found in the ith species, 

S= the number of species and ln = natural logarism.  

3.3.8. Evenness (E')  

Species evenness is a diversity index. A measure of biodiversity which is used to measure the  

Homogeneous distribution of tree species in sample plot (Krebs.1999). 

E'   

    
 = 

  

   
, with Hmax = lnS 

Where; H‟ = is the Shannon diversity index, S = is the number of species in coffee-based 

homegarden.  

3.3.9. Similarity indices (Ss) 

The Sorensen coefficient of similarity (Ss) is given by the following formula (Kent and Coker, 

1992). 

Ss 
  

      
                     

Where, 

Ss = Sorensen similarity coefficient 

a = number of species common to both samples 

b = number of species in sample 1 

c = number of species in sample 2 

3.4. Carbon Stocks Estimation 

3.4.1. Above-ground biomass  

To calculate above-ground biomass of woody species and coffee shrubs, an allometric equation 

developed by Kuyah et al. (2012) was used since the equation had the highest R
2
 and lowest 

error of prediction values, only used diameter at breast height and developed for trees grown in 

agroforestry systems. 
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Table 1: Allometric equation used to estimate AGB for trees and coffee shrubs 

Kind of aboveground biomass        Allometric equation R2 Source 

Individual trees                               AGB = 0.091 × d
2.472

 0.98 Kuyah et al. (2012a) 

Coffee shrubs            =0.147×        0.80 Negash et al. (2013) 

For multi-stemmed coffee d40= ∑     
   Snowdon et al. (2002) 

Where AGB (kg dry matter /plant) = above-ground biomass, d (cm) = diameter at breast height. 

d40 (cm) = stem diameter of the coffee plant at 40 cm height. For multi-stemmed plants (2 to 11 

stems per plant), each stem was measured and the equivalent diameter of the plant calculated as 

the square root of the sum of diameters of all stem per plant. 

3.4.2. Below-ground biomass  

According to Mac Dicken (1997) standard method for estimation of below-ground biomass is 

simply assuming that it constitutes 20% of above-ground biomass that is the root- to -shoot ratio 

value of 1: 5 is used. At the same time Pearson et al. (2005) explain this method as it is more 

efficient and effective to apply a regression model to calculate below-ground biomass from the 

calculated above-ground biomass data. Then woody species biomass was converted into carbon 

by multiplying the above-ground woody species biomass by 0.5 (Brown, 2002). 

Table 2: Above ground and below-ground biomass conversion factor 

Below-Ground Biomass Above-Ground Biomass * 0.2 

Above-Ground Biomass Carbon Stock Above-Ground Biomass *0.5 

To calculate the carbon stock of individual tree the following equation was used (Genene et al., 

2013). 

Carbon stock per tree = Biomass of the tree* 0.5                

Carbon stock in a sub-plot = Summation of carbon stock of trees in the subplot 

Carbon stock for the principal sample plot (10,000 m
2)                     

Carbon stock of the principal sample plot = 
                                       

                    
*10,000 m

2 

To calculate Carbon
 
stock in ton per hectare the equation was used (Genene et al., 2013)  

Carbon stock of the sample plot (
   

  
  = 

                                         

    
              

 AG carbon stock in CO2 equivalent (i.e. ton CO2 equivalent) = Carbon stock in ton/ha* 
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3.4.3. Soil carbon stock estimation 

Soils samples that were collected from the field for determining soil carbon were air-dried at 

room temperature, homogenized, and pass through a 2 mm sieve for chemical analysis. The soil 

analyses were also conducted at Wondo Genet College forestry and natural resource, following 

standard laboratory procedures and methods. Soil carbon was determined by the Walkley-Black 

oxidation method (Chesworth, 2008). Undisturbed soil bulk Density was determined by the core 

method in the soil laboratory. Then, soil C (Mg ha
-1

) stock for each sampled depth was also 

calculated using the following equation (Pearson et al., 2005). 

SOC = p                  

Where,   

SOC = soil organic carbon stock per unit area (t ha
-1

) 

 P = Soil bulk density (g cm
_3

) 

D = the total depth at which the sample was taken (cm) and 

%C = Carbon concentration (%) 
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4. RESULT AND DISCUSSION 

4.1. Woody Species Diversity, Structure and Composition in Coffee-Based 

Homegarden Agroforestry 

4.1.1. Woody species composition and diversity 

This study presented evidence on the coffee-based homegarden agroforestry of Dellomenna 

district, Southeastern Ethiopia. In the study area, 39 woody species representing 24 families were 

gathered, identified and recorded. Out of the total woody species encountered in the 48 quadrats, 

71.9 % were trees and shrubs, 28.1 % was seedlings and saplings. The mean value of Shannon 

diversity and evenness were also identified (Table 3). The comparison of Shannon diversity and 

evenness at a plot level and kebele level were summarized (Table 3 & 4).   

Table 3: Shannon diversity and Evenness at kebeles level 

Means with the same letters across row are not significant (P < 0.05) different. 

 

The findings revealed that the mean of Shannon diversity at the plot level of Wabaro, Chiri and 

Erba kebeles were 1.42, 1.2 and 0.88 respectively. Whereas mean evenness at the plot level at 

Wabaro, Chiri and Erba kebeles was 0.88, 0.92 and 0.78 respectively. The highest and the lowest 

diversity were recorded at Wabaro and Erba  kebele‟s respectively; while the highest and lowest 

evenness were recorded at Chiri and Erba kebele‟s respectively. The researchers infer that the 

most diverse system is not necessarily the most even. The difference of mean diversity at the plot 

level of each kebele has happened might be due to the species preference for economic value and 

their culture. The researcher‟s finding was in line with the finding of Bikila and Zebene (2016) 

whose Shannon diversity results were ranged from 0.14 to 2.54. Similarly this finding was also 

comparable with the result reported by Mattsson et al. (2014) in Moneragala district Sri lank 

which ranged from 0.76 to 3.01 with the mean value Shannon diversity of 2.05 + 0.07. The 

finding was also agreed with Kasahun (2019) findings; whose results of mean Shannon diversity 

and evenness at the plot level were ranged from 1.54 to 1.14 and 0.45 to 0.41 respectively. 

Kebeles             Mean  Diversity                   Mean Evenness 

Chiri                   (1.198 ± (0.372)b 

Wabaro             (1.422 ± (0.41)   b 

Erba                   (0.878 ± (0.356) a 

            (0.917 ± (0.064) b       

            (0.879 ± (0.11)    b        

            (0.778 ± (0.138) a 

P-value                 <0.001                                               <0.002 
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Table 4: Shannon (H‟) diversity and evenness (E‟) at Kebele level 

Kebeles Diversity Evenness 

Chir 

Wabaro 

Erba  

2.24 

2.5 

1.68 

0.736 

0.797 

0.636 

     

The highest and lowest Shannon diversity was documented at Wabaro and Erba kebeles 

respectively; similarly the highest and lowest evenness was also recorded at Wabaro and Erba 

kebele‟s respectively. This result was not as large as of Abiot and Gonfa (2015) that stated 

Shannon diversity and evenness which ranged from 2.53 to 2.73 and 0.91 to 0.99 respectively. 

On the other hand the researcher‟s finding agreed with Tefera et al. (2019) that ranged from 1.75 

to 2.29 which were conducted at Shashemene district, Ethiopia.  Additionally, the result was 

compared with the other findings conducted by Kasahun (2019), the Shannon diversity and 

evenness at the site level which ranged from 2.17 to 2.34, 0.38 to 0.57 respectively. This finding 

indicated that such variation of diversity might be species choice for economic value and their 

culture.  

The researchers finding was also correlated with Paembonan et al. (2018) which stated that the 

number of species and species specification at each location differed according to the culture of 

the local community and the consideration of economic needs. In line with this study, Nair 

(2012) explained that the selection of plant species in agroforestry is influenced by economic 

needs, family preferences and the availability of complementary food or substitute for staple 

foods.  

4.1.2. Similarity in species composition 

Similarities of woody species in coffee-based homegarden agroforestry practice among three 

kebeles were calculated using Sorensen‟s similarity index. Based on the presence and absence of 

woody species in coffee-based homegarden at three kebeles; the highest similarity in woody 

species composition was recorded between Chiri and Erba kebeles while the lowest woody 

species similarity was recorded between Wabaro and Erba (Table 5). 
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Table 5: Sorensen‟s similarity index value at three kebeles 

Species that have high economic value were distributed across in all coffee based homegarden. 

For instance Annona reticulata, citrus sinensis, Coffee arabica, Mangifera indica, Persea 

americana were common for the three kebeles and this could be farmer‟s intensive species 

selection for food security and livelihood improvement.  Bikila and Zebene (2016) reported that 

in the case of the Dellomena district homegarden agroforestry practices due to land size shortage 

and irrigation facilities; farmers‟ preferred high market demanded species which are more 

interested in fruit species and high market value species than native species. 

4.1.3. Woody species relative density, frequency, dominance and abundance 

Based on the result obtained from Dellomenna coffee-based homegarden agroforestry, the 

highest abundance and relative density of woody species were documented for Mangifera indica, 

Coffee arabica, Annona reticulata and Croton macrostachysus respectively. Whereas, Mangifera 

indica, Eucalyptus camaldulensis, Annona reticulata, Ficus sur, Croton macrostachysu were the 

most dominant species in terms of their basal area. Identification of the abundant species can be 

used to prioritize species for conservation; this means species with high abundance need fewer 

conservation efforts and vice versa, this idea was not functional in the community due to the 

species choice in coffee-based homegarden agroforestry.  

That means species that could contribute high economic value and shade for coffee had the 

highest abundance in coffee-based homegarden while those contribute less economic value less 

abundance. The most frequent species in the study area were Coffea arabica, Mangifera indica 

and Persea americana with a frequency of 48, 42 and 17 respectively; woody species with 

greater economic values were found to be repeatedly distributed across all coffee-based 

homegarden agroforestry. The researcher finding was correlated with the idea of Bikila and 

Zebene (2016) in the Dellomenna district; Ethiopia where relative abundance, relative frequency 

and dominance were comparable with this finding. Again this result was also comparable with the

Matrix     Sorensen‟s similarity index   % of similarity 

Chiri vs Wabaro 

Wabaro vs Erba              

Chiri vs Erba                 

0.56 

0.52 

0.68 

56 

52 

68 
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 result reported by Abiot and Gonfa (2015) in Dellomena district, South Eastern Ethiopia. Simila

rly Mengistu and Alemayehu (2017) were also reported similar findings in Bahir Dar city, 

Ethiopia. 

4.1.4. Importance value index (IVI)  

The IVI values have been helped to understand the ecological significance of the woody species 

in community structure. In line with this, the IVI of woody species of the coffee-based 

homegarden agroforestry of the study area, this was calculated from relative density, relative 

dominance and relative frequency. The IVI result for Mangifera indica was (72.8), Coffee 

arabica (43.3), Annona reticulata (34.6), Persea americana (19.6) and Croton macrostachyus 

(16.4) were found to have relatively higher values (appendix 2). The IVI was also used to 

prioritize species for conservation and species with high IVI value need less conservation efforts, 

whereas those having low IVI value need high conservation effort (Abiot and Gonfa, 2015). 

Comparable results were reported by Bikila and Zebene (2016), their reports include five species 

that have top IVI. This result was also correlated with the finding of Kassahun (2019) who 

reported 11 woody species with the highest importance value indices in the case of Jimma city 

South West Ethiopia. 

 

 

Figure 2: Importance value index of woody species that have top five 
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4.2. Woody Species Structure in Coffee-Based Homegarden Agroforestry at 

Dellomenna District 

Diameter, height, crown diameter, crown condition and their spatial distribution were some of 

the physical attributes of coffee-based homegarden agroforestry used to determine their structure. 

Through this quantification process, the structure of forests/agroforests was related to specific 

forest functions. Therefore, the mean diameter of woody species at breast height, at stump 

height and height in coffee based homegarden agroforestry system at three Kebeles were summar

ised in the following (Table 6).  

Table 6: Comparison of structure  for the woody species of the three kebeles 

Kebeles  DBH (cm)  DSH (cm)  Height (m) 

Chiri 

Wabaro 

Erba 

13.16±(0.71)b 

14.78±(0.61)b  

9.98±(0.63)a  

19.72±(0.93) b 

17.34±(0.78) b 

12.91±(0.81) a 

7.88±(0.27) b 

7.68±(0.26)b 

4.34±(0.32)a 

Over all mean 12.66±(0.65)  16.43±(0.84) 6.68±(0.28) 

  P-value < 0.001 < 0.001 <0.001 

 DBH = diameter at breast height, DSH = diameter at stump height 

Mean with the same letters across columns are not significantly different at p < 0.05 with respect 

To the system.  

As DSH increase by unit diameter at DBH can be increased by unit but, sometimes the opposite. 

The trends of diameter in coffee-based homegarden were the lowest because of human 

interference which means the owner of the homegarden were utilized the large diameter species 

for the economic purposes such as for timber. This result was correlated with the findings of 

Bikila and Zebene (2016). 

4.2.1. Mean diameter of coffee shrub and its height  

 

Table 7: The diameter at 40 cm and height in meter for coffee 

Kebeles Diameter at 40 cm Height in meter 

Chiri  

Erba 

Wabaro 

2.21±(0.33)b    

2.89±(0.4)b 

5.70±(0.39)a 

3.5±(0.29)b 

3.6±(0.31)b 

4.1±(0.28)a 

p-value                                                                                    <0.001     

Mean with the same letters across the column are not significant at (p < 0.05). 
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The mean diameter of coffee was similar trends at all sites but little difference at Wabaro kebele 

and height also showed similar trend at all sites.  

4.3. Above and Below-Ground Carbon Stock in Coffee-Based Homegarden 

Agroforestry 

The mean carbon stocks of above-ground and below-ground carbon pools of woody species in 

coffee-based homegarden agroforestry system at the study site. 

 

Figure 3:Mean above ground and belowground in ton per hectare  

The present study revealed that  mean above-ground biomass carbon stock ranged from17.63 to 

75.08  ton ha
-1

 with an overall mean of 48.63 ton per hectare. On the other hand, below-ground 

biomass carbon stock ranged from 3.53 to 15.02 ton per hectare with an overall mean of 9.73 

tons per hectare. The highest and lowest of above-ground carbon stock was recorded at Wabaro 

and Erba kebeles respectively.This was because Wabaro kebele has retained different diversified 

and long-aged woody species that have contributed a lot for biomass carbon storage.  

The researcher finding was correlated with the results of Abiot and Gonfa (2019), who have 

reported a mean of 47.82 for AGBC and a mean of 11.96 for BGBC. Similarly, Marshet and 

Teshome (2015) were recorded a mean of 25.7 and 5 ton per ha for AGBC and BGBC stocks 

respectively, that is in line with this finding. On the other hand, this result was in line with the 

result what has been reported in the midland of Sidama Zone (i.e. 61.87 for AGBC stock and 

15.48 for BGBC stock) (Abiot et al., 2017). Mihret (2019) has also carried out a study in the 
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Gurage zone, specifically; at Cheha district and recorded 46 and 23 ton per ha for a mean of 

AGBC and BGBC stocks respectively 

4.4. Above-Ground and Below-Ground Carbon Stock of Coffee  

Table 8: Coffee shrubs carbon stock in ton per hectare 

 AGB C Stock (ton ha-1) BGB C stock (ton ha-1) CO2-e ton ha-1 

0.754      0.151 3.32 

Assimilation of carbon by above-ground and below-ground biomass of coffee shrubs diameter at 

40 cm was estimated to be 3.32 ton ha
-1

. The above-ground carbon stock and below-ground 

carbon stock of coffee in coffee-based homegarden were found to be 0.754 and 0.151 ton ha
-1 

respectively. This might imply that coffee is multipurpose shrubs not only for economic value it 

also plays a vital contribution to carbon stocks. The result of this study was less than what has 

been reported by Pham et al. (2018) Northwest region of Viet Nam which ranges (2.6 to 17 tons 

per ha). 

4.5. Soil Organic Carbon Stocks (ton ha
-1

) 

Table 9: Soil organic carbon stock in ton per hectare at each kebele 

Kebele Depth in cm SOC (ton ha-1) 

Chiri 

Erba 

Wabaro 

30 

30 

30 

83.5+(5.6) a 

97.8+(7.9) a 

152.2+(31.6) b 

P-value  < 0.001 

Mean with the same letters across the column are not significant at (p < 0.05). 

 SOC, soil organic carbon 

The amount of soil organic carbon stock stored in coffee-based homegarden agroforestry was 

highest at Wabaro kebele 152.2 ± (31.6) ton ha
-1

) but lowest at Chiri kebeles 83.5 ± (5.6) ton ha
-

1
). According to the researcher point of view that woody species diversity and density might 

increase the carbon stock because of diversity and density of species increase litter then; litter 

was recycled into the soil. Homegarden agroforestry practice there are larger amounts of 

different plant species litter was recycled into the soil (Bikila and Zebene, 2019). The difference 

of SOC stock was related to biomass accumulation of above soil surface hence, accumulated 



29 
 

 
 

biomass gradually decomposed and then converted to soil organic matter (Bikila and Zebene, 

2019). The higher mean SOC stock might be the accumulation of higher organic matter in the soi

l surface and fast decomposition of litter which results in maximum storage of carbon stock. Ther

efore, the presence of different woody species in coffee-based homegarden can contribute to high 

soil organic carbon stocks. 

4.6. Total Carbon Stock in Coffee-Based Homegarden Agroforestry 

Table 10: Total carbon stock in ton per hectare 
 
 
 
 
 

 

Mean with the same letters across the column are not significant at (p < 0.05). 

In the study area, the overall mean of biomass carbon stock, and soil organic carbon stock were 

58.37 and 111.2 ton ha
-1 

respectively. This variation of carbon stock within coffee-based 

homegarden agroforestry at each kebele might be due to size of diameter, species diversity, 

species density, soil characteristics, management practices and age of species. This result inline 

with  result reported byAbiot et al. (2017) . It also inline with Marshet and Teshome (2015)  

findings.Their findings were ranged from 25.4 and 5 ton ha
-1

 of AGBC and BGC respectively. 

Additionally, the soil result was also agreed with this finding (113.55 ton ha
-1

). Likewise, other 

study was conducted in the Dellomenna district by Abiot and Gonfa (2019) where average 

carbon stock (AGB C stock + BGB C stock + SOC stock) was 47.82, 11.96 and 150.61 Mg ha
-1 

which was agree with the present findings.  

Kebele Biomass Carbon stock SOC TCS 

Erba 

Chiri 

Wabaro 

 21.16±( 4.1) a                       

63.84±(6.8)b 

90.10±(11.43)b 

83.5±(5.6)a 

97.8±(7.9)a 

152.2±(31.6)b 

104.66±(9.7) 

161.64±(14.7) 

242.3±(43.03) 

P-value <0.042          <0.001  
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4.7. Correlation between Diameters at Breast Height and Above-Ground 

Biomass Carbon Stock  

 
Figure 4: The relationship between AGB carbon stock and DBH 

A linear relationship between DBH and above-ground biomass of carbon stock in coffee-

based homegarden agroforestry system was estimated and the result was, Y=3.9679x-

24.274 and (R
2
 = 0.9607). Almost 96.07%  of the variation of the carbon stock of woody species 

in coffee based homegarden agroforestry was due to diameter variation and the remaining 3.93% 

variation was due to other unexplained factors. On the other hand, as the diameter increase by a 

unit (cm), the carbon stock potential of woody species increases by 3.9679 kg.  

A comparison of woody species diameter with above-ground biomass carbon stock revealed that 

woody species with small diameter sizes accumulated less carbon. On the other hand, woody 

species that had bigger diameters were accumulated more carbon, since carbon stock depends on 

above-ground biomass accumulation. Therefore, a direct relationship was observed between 

above-ground biomass carbon stock and diameter at breast height. Trees during their initial 

stages of growth i.e. when their diameter breast height is smaller could sequester less carbon but 

gradually increase in diameter and would accumulate more carbon. 
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4.8. Correlation between Above-Ground Biomass and Above-Ground Carbon 

Stock 

 
Figure 5: Relationship between AGB and AGB C stock 

The association of above-ground biomass with above-ground carbon stock revealed that woody 

species with large above-ground biomass accumulated large carbon. On the other hand, woody 

species that had small above-ground biomass were accumulated less carbon since the carbon 

stock depends on above ground biomass accumulation. A linear relationship between above -

ground biomass and carbon stock was estimated to be as, y = 0.5x + 9E-07 (R
2 

= 1) where , R
2 

was positive, which indicate that the relationship was the strong  and it also displays that 100% 

of above ground carbon stock of woody species it maybe depends on above-ground biomass of 

woody species. In contrast as AGB increase by a unit (Kg), the AGB carbon stock potential of 

woody species increase by 0.5 kg. This may approve the theory of Pearson et al. (2005) that is 

AGBC stock = AGB*0.5. 
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5. CONCLUSION AND RECOMMENDATIONS 

5.1. Conclusion 

The study was aimed to investigate woody species diversity and carbon stocks in coffee-based 

homegarden agroforestry, specifically the species diversity, structure and composition of woody 

species were identified in the current study area. Three study kebeles (Wabaro, Erba and Chiri) 

were selected purposively based on the existence and extensive practice of the agroforestry 

system and its accessibility. In each selected kebele, two sites were identified and selected 

randomly for sampling purposes hence, in general 48 quadrats, specifically (3 kebeles * 2 sites 

per Kebele * 8 quadrats per sites) were laid down. The results revealed that the mean structural 

and compositional woody species parameters show significant variation with concerning to 

kebeles.The use of fruit trees for economic purpose in this coffee-based homegarden agroforestry 

system might make the area dominate with the same species and for this reason the woody 

species not evenly distributed across the study area. Totally above-ground biomass carbon stock 

of woody species, coffee shrub, and soil carbon stocks were significantly different across the 

study area. A total of 39 woody species representing 24 families were gathered, identified and 

recorded. Out of the total woody species encountered in the 48 quadrats, 71.9 % were trees and 

shrubs, 28.1 % was seedlings and saplings. Shannon diversity and evenness at kebele level were 

ranged from 1.68 - 2.5 and 0.64 - 0.79 respectively.  

At the kebele level the Shannon diversity and evenness were ranged from (1.68 to 2.5) and 

(0.636 to 0.79) respectively; but the mean Shannon diversity and evenness at the plot level show 

significant (P < 0.05) different.Total carbon stocks each pools were 145, 29.18 and 333.5ton ha
-1

 

for AGBC, BGBC and SOC stock respectively. Almost 96.07% of the variation of the carbon 

stock of woody species in coffee based homegarden agroforestry was due to diameter variation 

and the remaining 3.93% variation was due to other unexplained factors. The variation of carbon 

stock and woody species diversity within the homegarden in the Dellomenna district might be 

due to diameter size, age of species and species composition, economic needs, family 

preferences, and the availability of complementary food or substitute for staple foods. In general 

coffee-based homegarden agroforestry is a successful form of land use system which achieves 

increased production, ecological stability and helps to maintain a high number of species outside 

their native forest habitat. It also plays a vital role in carbon stock and climate change mitigation.  
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5.2. Recommendations 

Based on the findings, the following recommendations were presented: 

 The coffee-based homegarden agroforestry of the area is dominated by a fruit tree and 

this result in low species diversity decline in the frequency of some indigenous woody 

species. Therefore, it is recommended to introduce diverse species in coffee-based 

homegarden agroforestry practice of the study area. 

 Further study on the correlation between above-ground biomass carbon stock and woody 

species diversity in coffee-based homegarden agroforestry is highly recommended. 

 This study is focused on to the woody species in relation to diversity and carbon stock 

potential only so, further study including the herbaceous part is recommended.  
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7. APPENDICES 

Appendix (1) Woody Species Data Collection Format in the Dellomenna District 

Recorder  Alemayehu  Hordofa        Date: 17-03-2012 

Kebeles         Wabaro,Chiri and Erba         
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Appendix (2): Relative Density, Frequency, Dominance, Abundance, Importance Value 

Index and Basal Area  

 
 

 
 

 

 

Scientific  Name Family FrequencyBasal AreaAbundanceR/frequency R/density R/dominanceIVI

Acacia senegal Celastraceae 2.0 0.169 2.00 0.862 0.333 1.873 3.07

Afrocarpus falcutus Podocarpacaeae 2.0 0.094 3.00 0.862 0.499 1.042 2.40

Albizia gummifera Fabaceae 2.0 0.050 2.00 0.862 0.333 0.561 1.76

Annona reticulata Annonaceae 32 0.760 74.0 13.79 12.31 8.447 34.6

Balanites aegyptiaca Balanitaceae 1.0 0.018 1.00 0.431 0.166 0.204 0.80

Berchemia discolor Rhamnaceae 2.0 0.043 4.00 0.862 0.666 0.473 2.00

Borassus aethiopum Arecaceae 1.0 0.016 1.00 0.431 0.166 0.179 0.78

Carica papaya caricaceae 5.0 0.099 12.0 2.155 1.997 1.102 5.25

Casuarina equisetifolia Casuarinaceae 6.0 0.123 11.0 2.586 1.830 1.370 5.79

Celtis africana Ulmaceae 4.0 0.113 8.00 1.724 1.331 1.254 4.31

Citrus aurantifolia Rutaceae 2.0 0.021 5.00 0.862 0.832 0.235 1.93

Citrus sinensis Rutaceae 5.0 0.036 13.0 2.155 2.163 0.398 4.72

Coffea arabica Rubaceae 48 0.187 124 20.69 20.63 2.079 43.4

Cordia africana Boraginaceae 5.0 0.464 8.00 2.155 1.331 5.162 8.65

Croton macrostachyus Euphorbiaceae 11 0.596 30.0 4.741 4.992 6.622 16.4

Ehretia cymosa Boraginaceae 1.0 0.038 1.00 0.431 0.166 0.421 1.02

Ekebergia capensis Meliaceae 2.0 0.085 2.00 0.862 0.333 0.941 2.14

Entada abyssinica Mimosoideae 2.0 0.011 2.00 0.862 0.333 0.125 1.32

Erythrina abyssinica Fabaceae 1.0 0.173 3.00 0.431 0.499 1.923 2.85

Eucalyptus camaldulensisMyrtaceae 7.0 0.849 21.0 3.017 3.494 9.434 15.9

Ficus  sur Moraceae 1.0 0.669 1.00 0.431 0.166 7.437 8.03

Ficus sycomorus Moraceae 1.0 0.421 1.00 0.431 0.166 4.682 5.28

Ficus vasta Moraceae 1.0 0.007 1.00 0.431 0.166 0.073 0.67

Grevillea robusta Proteaceae 6.0 0.451 12.0 2.586 1.997 5.016 9.60

Grewia bicolor Annonaceae 1.0 0.068 3.00 0.431 0.499 0.757 1.69

Mangifera indica Anacardiaceae 42 2.297 175 18.103 29.118 25.54 72.8

Maytenus arbutifolia Celastraceae 1.0 0.002 2.00 0.431 0.333 0.023 0.79

Melia azedarach Meliceae 3.0 0.118 5.00 1.293 0.832 1.314 3.44

Miliettia ferruginea Fabaceae 1.0 0.014 1.00 0.431 0.166 0.158 0.76

Moringa oleifira moringaeceae 4.0 0.139 13.0 1.724 2.163 1.540 5.43

Olea europaea                  Oleaceae 2.0 0.015 2.00 0.862 0.333 0.167 1.36

Persea americana Lauraceae 17 0.533 38.0 7.328 6.323 5.929 19.6

Prunus africana Rosaceae 1.0 0.012 1.00 0.431 0.166 0.135 0.73

Psidium guajava Myrtaceae 2.0 0.008 2.00 0.862 0.333 0.094 1.29

Rhamnus prinoide Rhamnaceae 1.0 0.003 1.00 0.431 0.166 0.035 0.63

Schinus molle Anacardiaceae 2.0 0.084 5.00 0.862 0.832 0.929 2.62

Syzygium guineense Myrtaceae 2.0 0.123 6.00 0.862 0.998 1.372 3.23

Vernonia amygdalina Asteraceae 1.0 0.007 1.00 0.431 0.166 0.079 0.68

Ziziphu spina  christi Rhamnaceae 2.0 0.078 4.00 0.862 0.666 0.872 2.40

Total 100% 100% 100% 300%
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     Appendix (3) Above Ground, Below Ground Biomass and Their Carbon Stock at Each Kebele 

Kebeles  Plot No ABGB in Kg ABGBC in Kg BGB in Kg BGBC in Kg 

Chiri  1 571.9299892 285.9649946 114.3859978 57.19299892 

Chiri  2 129.7721883 64.88609414 25.95443766 12.97721883 

Chiri  3 389.7952321 194.897616 77.95904642 38.97952321 

Chiri  4 777.6261422 388.8130711 155.5252284 77.76261422 

Chiri  5 789.5657764 394.7828882 157.9131553 78.95657764 

Chiri  6 292.0290624 146.0145312 58.40581247 29.20290624 

Chiri  7 78.26349349 39.13174674 15.6526987 7.826349349 

Chiri  8 1241.950913 620.9754566 248.3901826 124.1950913 

Chiri  9 216.1118641 108.055932 43.22237281 21.61118641 

Chiri  10 2986.602424 1493.301212 597.3204848 298.6602424 

Chiri  11 117.7669255 58.88346275 23.5533851 11.77669255 

Chiri  12 66.58217877 33.29108939 13.31643575 6.658217877 

Chiri  13 22.73213714 11.36606857 4.546427428 2.273213714 

Chiri  14 2417.20184 1208.60092 483.440368 241.720184 

Chiri  15 173.452427 86.72621351 34.6904854 17.3452427 

Chiri  16 6752.380788 3376.190394 1350.476158 675.2380788 

Wabaro  17 439.0137681 219.506884 87.80275361 43.90137681 

Wabaro  18 410.0411779 205.0205889 82.00823558 41.00411779 

Wabaro  19 1246.457761 623.2288804 249.2915522 124.6457761 

Wabaro  20 717.3226593 358.6613297 143.4645319 71.73226593 

Wabaro  21 1525.427176 762.7135878 305.0854351 152.5427176 

Wabaro  22 4108.405609 2054.202805 821.6811219 410.8405609 

Wabaro  23 4279.584173 2139.792087 855.9168346 427.9584173 

Wabaro  24 1604.183435 802.0917177 320.8366871 160.4183435 

Wabaro  25 2669.135625 1334.567813 533.8271251 266.9135625 

Wabaro  26 525.9414898 262.9707449 105.188298 52.59414898 

Wabaro  27 617.4627506 308.7313753 123.4925501 61.74627506 

Wabaro  28 374.7989502 187.3994751 74.95979004 37.47989502 

Wabaro  29 360.2866845 180.1433422 72.0573369 36.02866845 

Wabaro  30 803.9220029 401.9610015 160.7844006 80.39220029 

Wabaro  31 2615.191411 1307.595706 523.0382823 261.5191411 

Wabaro  32 1729.775147 864.8875737 345.9550295 172.9775147 

Erba 33 269.3913346 134.6956673 53.87826691 26.93913346 

Erba 34 645.5625321 322.7812661 129.1125064 64.55625321 

Erba 35 246.7968907 123.3984453 49.35937813 24.67968907 

Erba 36 605.3476294 302.6738147 121.0695259 60.53476294 

Erba 37 177.0746927 88.53734634 35.41493854 17.70746927 

Erba 38 291.5908496 145.7954248 58.31816991 29.15908496 

Erba 39 286.2464854 143.1232427 57.24929709 28.62464854 



45 
 

 
 

Erba 40 242.4883214 121.2441607 48.49766427 24.24883214 

Erba 41 337.6519735 168.8259867 67.5303947 33.76519735 

Erba 42 336.6610262 168.3305131 67.33220525 33.66610262 

Erba 43 221.5631904 110.7815952 44.31263809 22.15631904 

Erba 44 340.983376 170.491688 68.1966752 34.0983376 

Erba 45 716.7327273 358.3663637 143.3465455 71.67327273 

Erba 46 387.3875109 193.6937554 77.47750218 38.73875109 

Erba 47 240.4373104 120.2186552 48.08746209 24.04373104 

Erba 48 296.6748133 148.3374067 59.33496267 29.66748133 
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    Appendix (4) Woody Species Diversity at kebele Level 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No of plotkebeles diversity evenness No of plotkebeles diversity evenness No of plotkebeles diversity evenness

1  chiri 1.90369 0.9783 17 wabaro 1.5741 0.87852 33 Erba 0.983 0.89477

2  chiri 1.273 0.91828 18 wabaro 1.5832 0.8836 34 Erba 0.42932 0.61938

3  chiri 1.496 0.92952 19 wabaro 1.78681 0.91824 35 Erba 0.45056 0.65002

4  chiri 1.29455 0.93382 20 wabaro 1.242 0.89591 36 Erba 1.29965 0.80752

5  chiri 0.8599 0.78271 21 wabaro 1.846 0.94866 37 Erba 0.63903 0.58167

6  chiri 1.0608 0.96558 22 wabaro 1.80901 0.92965 38 Erba 1.11637 0.80529

7  chiri 1.0296 0.93718 23 wabaro 1.60944 0.89825 39 Erba 0.92986 0.8464

8  chiri 1.09006 0.99222 24 wabaro 1.52471 0.94736 40 Erba 0.34883 0.50326

9  chiri 1.27985 0.92322 25 wabaro 1.67263 0.93351 41 Erba 1.11637 0.80529

10  chiri 1.09283 0.99474 26 wabaro 1.42706 0.88668 42 Erba 0.91646 0.8342

11  chiri 1.21489 0.87636 27 wabaro 0.7999 0.57701 43 Erba 0.80182 0.72985

12  chiri 0.562 0.81079 28 wabaro 0.70292 0.63983 44 Erba 1.26586 0.91312

13  chiri 0.5625 0.81152 29 wabaro 1.23368 0.88991 45 Erba 0.5004 0.72192

14  chiri 1.29436 0.93368 30 wabaro 0.68291 0.98523 46 Erba 1.36245 0.9828

15  chiri 1.2798 0.92318 31 wabaro 1.5466 0.96096 47 Erba 1.35798 0.97958

16  chiri 1.87627 0.96421 32 wabaro 1.72493 0.88644 48 Erba 0.5402 0.77934
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