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ABSTRACT
A coffee agroforest has been promoted as means of preserving biodiversity in the tropics.

Therefore, this study was conducted on diversity, regeneration, usage of woody species and
soil organic carbon under SFC and natural forest of Belete forest priority area, south west,
Ethiopia. To conduct the study, 60 plots (30 from natural forest and 30 from semi forest
coffee) samples were taken using simple random sampling methods. And a total of 60 soil
samples were collected from the two site and SOC, soil texture, bulk density and pH were
analyzed. Household survey was conducted to collect woody species usage under natural
forest and SFC. A total of 120 households (60 households for each sites) were randomly
selected for the interview on usage of woody species through semi-structured interviews. The
vegetation data was analyzed for woody species diversity, Importance value index, similarity
coefficient, density and basal Area, regeneration and usage parameters. A total of 47 woody
species were recorded belonging to 24 families in natural forest and 34 woody species
belonging to 17 families in SFC were identified and recorded. Although more woody species
were recorded under the natural forest, the difference was not statistically significant
(p>0.05).The difference in species richness and Shannon diversity index of woody species
between natural forest and semi forest coffee were also not statistically significant (p>0.05).
Regeneration status of seedling and sapling of woody species had showed significant
(P<0.05) differences between the natural forest and semi forest coffee. However, there was
no statistically significant difference (p > 0.05) between the natural forest and semi forest
coffee interms of tree density. The conservation practices and usage of woody species under
the natural forest and semi forest coffee are the same. It was observed that tree species
diversity and Household (HH) dependency on coffee production increased with the closeness
of the adjacent natural forest. Soil carbon was analyzed in laboratory. The SOC under the
native forest was 51.35 + 0.11and 50.64 + 0.08 under the semi forest coffee. Native forest and
semi forest coffee had no significant difference by its SOC. It is concluded that woody species
management practices in the study area of semi-forest coffee farms more or less the same to
the adjacent natural forest. So semi-forest coffee has to be promoted as the main land use

system in minimizing woody species loss with continuous monitoring of the forest area.

Key Word: Woody Species, Diversity, Uses, Soil Organic Carbon
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1. INTRODUCTION

1.1 Background and justification of the study

The practice of tree integration in coffee production systems plays a very important role in
biodiversity conservation (Correia et al. 2010). In Ethiopia, the moist montane forest has long
been recognized as the center of origin and diversity of wild Coffeaarabica L. (Senbeta et al.,
2005). Even though coffee is under story woody shrub, expansion of coffee cultivation is one
of the causes of deforestation and biodiversity loss (Ambinakudige and Sathish,
2009).However, Agro-forestry systems are widely seen as the means that can reduce the
impacts of deforestation (Tengnas, 1994) through providing eco-agricultural solutions that
successfully combine objectives for increased food security and biodiversity conservation
gains (Kindt et al., 2008). For instance, coffee shade systems host diverse plant species
(Ambinakudige and Sathish, 2009). Accordingly, traditional shaded coffee production system
have received considerable attention from conservation organizations in recent years (Perfecto
et al., 2005) since the system supports much more biodiversity conservation and cash income
generation from the sale of both timber and non- timber forest products (Gordon et al., 2007).

Agroforestry practices (AFPs) vary in their composition, structure, and function depending on
the biophysical, ecological, social, economic and cultural condition under which they occur
(Omer, 2018). Especially in developing countries the trade-offs between socio- economic
goals of increasing rural incomes and decreasing poverty and environmental goals such as
biodiversity conservation are large (Bekessy et al., 2010).Coffee is produced under four
different production systems, along an intensification gradient: forest coffee accounting for
10% of total coffee production; semi-forest coffee accounting for 35%; garden coffee for
50%; and plantation coffee for 5% (Kufa, 2012).

Semi-forest coffee is produced in relatively disturbed natural forests where the upper canopy
is thinned and coffee is sometimes randomly planted in the forest to increase the number of
shrubs and coffee yields (Gole et al., 2008). Farmers usually slash undergrowth once a year to
reduce competition for soil nutrients with other species. It has been estimated that in the last
four decades in Southwestern Ethiopia, the conversion of forest coffee to semi-forest coffee
resulted in a 34% reduction in woody forest species (Tadesse et al., 2014). In addition to this



Coffee intensification and coffee expansion are responsible for substantial forest cover loss in
Ethiopia. For instance, in the coffee growing areas in the southwest Ethiopia, deforestation is
estimated at 10,000 halyear (Tadesse et al., 2002). Thus, this situation led to forest
degradation which may result in Carbon emission to the atmosphere. Thus, there is a need for
developing sustainable systems to maintain and improve SOC content while mitigating land
degradation and greenhouse gas emissions. However, numerous studies have indicated the
importance of coffee agroforests for biodiversity conservation (Gordon et al., 2007; Mendez
et al. 2010; Dawson et al. 2013; Pinard et al., 2014) and Adopting agro forestry related
practices is among one of the promising management practices to increase biomass and SOC
stocks, and thereby reduce soil degradation and mitigate climate change (Batjes and
Sombroek, 1997). Soil carbon sequestration constitutes one of realistic option achievable in

many agro forestry systems.

According to Hylander (2013) southwest Ethiopia has a lower rate of deforestation in coffee
growing areas than in other areas. If this situation continues, the current configuration of a
coffee-tree system would represent an important change in land-use strategy to retain the
landscape’s ecological process and integrity, while farmers receive socioeconomic benefits.
Nevertheless, the very low densities of tree species reported in other studies (Correia et al.,
2010) are still critical.

Indigenous communities have been utilizing wild coffee for centuries, and the art of brewing
coffee is a central element of the Ethiopian culture. Furthermore, coffee is Ethiopia’s most
important export crop contributing 41% of the country’s foreign currency income (FAO &
WEFP, 2006). Despite of its vital role for biodiversity conservation in tropical country, in
Ethiopia the contribution of coffee agro forests and natural forest on biodiversity conservation
aspects have less emphasis and documentation. Belete forest is one of piloted forest under
participatory forest management approach. Participatory forest management is the approach to
manage, the remaining forest of Ethiopia. But, from time to time forests which they regularly
use are declining through different anthropogenic activities including agricultural expansion,
overexploitation, human encroachments and settlements, the expansion of large commercial
farms in forest areas (especially through semi forest coffee and plantations coffee system)
(EPA,2003; MELCA Mahiber, 2008).



In the traditional coffee management systems in Southwest Ethiopia, farmers select certain
species of trees as coffee shade tree and remove others which they believe having an adverse
impact on the coffee shrub growth and productivity (Muleta et al, 2011). Previous studies in
southwest Ethiopia have focused on comparative ecological differences between the natural
forest and coffee agroforestry (Senbeta and Denich, 2006; Wiersum et al., 2008; Aerts et al.,
2011; Hundera et al., 2013). Some findings have shown that modifying the natural forest for
coffee production has reduced the floristic diversity and specific functional groups (Senbeta
and Denich, 2006). However, the role of semi-forest coffee adjacent to the natural forest in
conserving woody species, providing deferent uses from woody species, mitigating land
degradation and greenhouse gas emissions through improving SOC and reducing pressure on
the natural forest are less studied. The changes in patterns of population structures,
regeneration and diversity could provide valuable information for conservation strategies.
Therefore, this study was aimed at providing relevant information, which is of paramount
importance to undertake on diverse range of woody species usage and changes in ecological
information due to over exploitation about the natural forest and semi-forest coffee necessary
to design suitable conservation and sustainable use approaches. In addition, provide
information about forest product and its access.

1.2. Objectives of the study

1.2.1. General objective

The overall objective of this study is to asses and compares Woody species diversity,
regeneration, uses and soil carbon stocks in semi forest coffee and natural forest around
Belete Gera forest priority area.

1.2.2. Specific objectives

v To asses and compare woody species diversity between semi forest coffee and natural
forest.

v To asses and compare regeneration status of tree species on semi forest coffee and

adjacent natural forest around Belete forest priority area.

v To investigate patterns of woody species uses in semi forest coffee and adjacent natural

forest around Belete forest priority area.



v To compare soil organic carbon in semi forest coffee field and native forest land use
systems.

1.3. Research questions

This study addressed the following research questions:
» Do Semi-forest coffees maintain comparable diversity and composition with that of

adjacent natural forest?

» How do woody species regeneration of semi-forest coffee compared with adjacent
natural forest?

» Do woody species usage from the semi forest are comparable with that of adjacent

natural forest?

» How the semi-forest coffee and natural forest varies in their soil organic carbon?

1.4 Significance of the study

In Ethiopia the lives of many rural communities directly related to natural resources, forest
means everything and thus all efforts towards conservation of natural resources and sustainable
use of its products is a challenging task (Regassa, 2001). From those challenging tasks,
expansion of coffee agro forestry to the natural forest area is major one in Belete forest priority
area. In addition, there is a change in activity use of woody species products. And currently the
demand of reliable information regarding soil organic carbon at both country and global levels is
growing (Genene et al., 2013). So the significance of this activity use of woody species and soil
organic carbon knowledge is important in appropriate conservation strategy. Thus, this study is
important to show how the use , ecological information of woody species and soil organic
carbon under semi-forest coffee and adjacent natural forest to conservation sectors of
government and other related stakeholders for the sustainability of those woody species

resources.



2. LITERATURE REVIEW

2.1. Biodiversity use and conservation

Biological diversity refers to the variability among living organisms from all sources,
including, inter-alia, terrestrial, marine and other aquatic ecosystems and the ecological
complexes of which they are part; this includes diversity within species, between species
and of ecosystems (Heywood, 1995). Management of agroecosystems for biodiversity
conservation is increasingly recognized. Agro forestry systems in particularly provide a
refuge for forest dwelling organisms (Bhagwat et al. 2008; Dawson et al. 2013). Their
suitability for biodiversity conservation is, however, affected by management intensity and
canopy cover (Tejeda-Cruz and Sutherland 2004; Bhagwat et al. 2008), and there are
tradeoffs between income, biodiversity and ecosystem functioning during agro forestry
intensification (Steffan-Dewenter et al. 2007; Philpott 2010). Numerous studies have
indicated the importance of CAFSs for biodiversity conservation (Gordon et al. 2007;
Mendez et al. 2010; Dawson et al. 2013; Pinard et al. 2014). For instance, diverse
polyculture coffee farms in Mexico are richer in tree species than other coffee agro forests
and nearby forests (Dawson et al. 2013).

Various plant species have different uses depending on socio-economic conditions of a
given community. From those species woody species in natural forests are important
sources of forest products such as fruits, fodders, honey, herbal medicine, a source of tools
and construction materials, timber and food for local communities. Such unsustainable
utilization of few species especially, for timber and fuel wood collection put them in the
endangered category. Also natural forest has wide ecological and environmental values and
is a source of biodiversity (Bekele, 2016). From those values the need for fuel wood, farm
land, human settlement, shifting cultivation, grazing area, firewood, lack of viable land
policy have been indicated as the main cause for forest biodiversity degradation frequently
leading to loss of forest cover and biodiversity loss (Ensermu and Teshome,
2008).Particularly, the current contributor factors accelerated the declining of woody plant
species diversity in Ethiopia are the size and distribution patterns of humans and domestic
animal populations, the level of resource consumption, understanding woody plant species



in narrow sense due to low level of awareness, the attention of woody plant species
conservation and sustainable use has so far been inadequate (Tesfaye, 2007).

To meet those requirements precise and up to date information regarding the status of the
forest resources and potential of forest regeneration in poorly managed forest is important to
upgrade and to design proper management for future improvement of the forest stand. The
better we understand the forest the better we will be able to protect, conserve and manage
them (Sandalow, 2000).In order to understand what is truly happening we need to monitor the
resource to measure and predict change (IUFRO, 1995). Sustainable forest management has
been the main focus of the worldwide forestry sectors over many years. It aims to ensure that
needs derived from the forest meet present day needs without comprising the ability of future
generation. Sustainable forest management also aims at balancing social, economic and
environment as objectives. In general agro forestry plays a roles of providing habitat for
species that can tolerate a certain level of disturbance, reduce the rate of conversion of the
natural habitat and providing connectivity by creating corridors between habitat remnants
(Boffa et al,2005).This approach focuses on sustainable conservation and utilization of the

species.

2.2. Agro forestry concept and its role in conserving woody species

Agro forestry is a dynamic, ecologically based, natural resources management system that,
through the integration of trees on farms and in the agricultural landscape, diversifies and
sustains production for increased social, economic and environmental benefit for land users at
all levels (Asfaw, 2016). Traditional coffee agro forests incorporate shade trees in order to
retain ecosystem services such as soil fertility, wood and non-wood products. Coffee agro
forestry systems can potentially protect biodiversity by providing heterogeneous and critical
habitats, buffer against overexploitation of forest biodiversity, and serve as corridors and
permeable matrixes that connect meta-communities in natural landscapes (Perfecto et al.,
1996). Coffee landscapes may have greater conservation potential in hyper-fragmented
landscapes with long histories of human use and disturbance since much of the original forest
vegetation is lost and modified.



Besides home-garden coffee and coffee plantations, almost 70% of the coffee production area
in Ethiopia still consists of montane rainforest with wild coffee (Teketay, 1999). The
harvesting of wild coffee inside the forest is carried out at different use intensities; local
farmers may simply pick wild coffee fruits while occasionally removing some of the
undergrowth vegetation to facilitate coffee collection. The forest retains a virtually
undisturbed vegetation structure and can be considered as natural or unmanaged forest. There
are also more intensively managed forest parts where farmers systematically remove some of
the shading canopy trees and undergrowth vegetation that competes with wild coffee. These
forest areas have a disturbed forest structure and are known as semi-forest coffee (SFC)
systems.

The management interventions in SFC systems also had strong impact on tree species
composition; especially in the upper canopy. And the expansion of SFC systems is likely to
enhance the modification and loss of the natural rainforest vegetation in southwestern
Ethiopia. This is also a danger in the study region, where<10% of the land cover can still be
considered as natural forest (Schmitt, 2006). This activity might affect and limit the number
of woody species which are grown in system (Mangistu and Asfaw, 2016). But when compare
with other activities a recent study in southwest Ethiopia showed a lower rate of deforestation
in coffee growing areas than in other areas (Hylanderet al. 2013).In addition to this the role of
agro forestry to food security and climate change goals is magnificent (Mbowet al. 2014).
Agro forestry can provide economic and environmental benefits and is considered a win-win
practice through which communities can adapt and become more resilient to the impacts of
climate change (Nair 1998; Acharya and Kafle 2009; Kumar, 2015).

According to (Kitessa, 2016) there is a traditional practice of forest management in coffee
producing communities in Ethiopian moist Afromontane forests to increase coffee production.
The practice involves removal of big canopy trees with excessive shade and selectively
retaining specific tree species as preferred shade trees. Due to these selective thinning very
few or limited tree species are grown on the larger area without competition. In addition to
this, farmers cut matured and aged tree species which grown in the farm for the construction
(timber) purpose. And, in order to produce suitable environment for the growth of major

species (e.g. Coffee), the regeneration and density of other species were affected by human



activity. And conserve some tree species due to the benefits gets from them, such as honey
extraction, extraction of other NTFP etc (Kitessa, 2007).However, the success or failure of
tree species conservation in coffee agro ecosystems are influenced by Social, economic, and

political factors (Somarriba et al., 2004).

2.3. Woody species uses and conservation

The livelihood of the community living inside and around the forest depends in various
ways, on the products and services provided by the diversity of trees (Cavendish, 2002;
2007; McElwee, 2008). There has been increasing encroachment on the shade trees and the
natural forest reserve. Due to this high demand the forest is threatened in un sustainable
harvesting of forest products. But agro forestry systems are widely seen as the means that
can reduce the impacts of deforestation (Tengnas,1994) through providing eco-agricultural
solutions that successfully combine objectives for increased food security and biodiversity
conservation gains (Kindt et al. 2008). The identified use categories include food, medicine,
honey, material sources, social services, animal fodder and environmental uses .Hence
promotion of this valuable indigenous knowledge can make an important contribution to
alleviation of rural poverty by improving food security and economic welfare of rural
population (Fayera, 2013).

In addition to the above-mentioned values, tropical forests have also recreational, eco-tourism
and ecosystem conservation values (Gaston and Spicer, 1998). In these forests, woody species
are the most important components, from the ecosystem point of view, influencing the
variability and living conditions of other forest organisms (Burianek, 1998). Decrease in
woody species diversity can, thus, impoverishes other groups of organisms. For instance,
coffee shade systems host diverse plant species (Ambinakudige and Sathish, 2009).
Accordingly, traditional shaded coffee production system have received considerable
attention from conservation organizations in recent years (Perfecto et al. 2005) since the
system supports much more biodiversity conservation ( Perfecto et al. 2005; Gordon et al.
2007) and cash income generation from the sale of both timber and non- timber forest
products ( Gordon et al. 2007).



The Arabica coffee which is produced under the shade trees is most important source of
foreign currency for many developing countries. Seventy per cent of the world’s coffee is
contributed by smallholders in developing countries who grow coffee mostly on farms of less
than 5 hectares and intercrop coffee with other crops (Mohan and Love, 2004).The
agriculture-based Ethiopian economy is highly dependent on Coffeaarabica(Gole et.al.,
2002). It plays a fundamental role both in the cultural and socio-economic life of the nation.

According to Gardei (2006), the majority of farming communities in Southwest Ethiopia are
forest dependents and major source of their livelihood and subsistence were depending on
providing variety of forest products. According to Hana (2016), more than 65 percent of the
households who are involved in NTFPs did earn more than one thousand Birr in a year from
the production of NTFPs alone, while around half of the people use the forest to generate cash
income. In South West, Kaffa zone, wild coffee is the major source of forest income (Melaku
et al., 2014); in the dry, Afromontane forests in Dendi district, Oromia National Regional
State (Mamo et al., 2007) and the Bale Highlands (Tesfaye et al., 2010), fuel wood is a major

contributor to forest income.

2.4 Soil organic carbon

Ethiopia is one of the countries most affected by land degradation in sub-Saharan Africa
(Nedessa et al. 2005; Abesha 2014). Therefore, understanding the fundamental social and
ecological drivers of land degradation (Aynekulu et al. 2006) with possible solutions
including rehabilitation of degraded areas (Girmay et al. 2008) is critical. Conversion of
land from native forests to agricultural ecosystems is known to change both biomass and
soil organic carbon (SOC) pools. The effect of land use change on soil properties may vary
for different soils, vegetation types and ecological zones (Bekele, 2006).The importance of
agro forestry as a land-use system is receiving wider recognition in terms of both
agricultural sustainability and also in issues related to climate change (Albrecht and
Kandji, 2003). So adopting agro forestry related practices is among one of the promising
management practices to increase biomass and SOC stocks, and thereby reduce soil
degradation and mitigate climate change (Batjes and Sombroek, 1997).



Forest ecosystems store more than 80% of all terrestrial aboveground Carbon and more than
70% of all soil organic Carbon (Batjes, 1996; Jobbgy and Jackson, 2000; Six et al.,
2002).As some studies indicated, the overall land-use systems can be ranked in terms of
their SOC content in the order: forests >agro forests> tree plantations > arable crops (Nair et
al., 2009).According to Albrecht and Kandji (2003) SOC in the top one meter of the world
soil comprises about three over four of the earth's terrestrial carbon; and there is also
tremendous potential to sequester additional carbon in soil. Management systems that add
high amounts of biomass to the soil, causes minimal soil disturbance, improve soil structure,
and enhance soil fauna activity (Lal et al., 2004). Key factors in the efficient sequestration
of more carbon in the soil are likely to be the starting content of SOC, the soil type, and
balance between the addition of plant residues and the mineralization of SOC. However,
there are as yet relatively few studies that assess effectiveness and adoption SOC stock
(Bangroo et al., 2011).Deforestation can release large quantities of Carbon, and
afforestation can fix CO2 in new biomass and dead organic matter. These changes in land
use are regionally of different relevance.

In agro forestry systems, there are both ecological and economical interactions between the
different components (Lundgren and Rain tree, 1982 cited by Nair, 1993).Integration of trees,
shrubs, crops, pasture and livestock components intentionally in agricultural practices are a
common characteristic feature in all forms of agro forestry systems (Young, 1997; Nair,
1993). These components together with the other factors such as climate, soil, and landform
are the main components of agro forestry systems (Young, 1997).Agro forestry systems have
the potential to sequester atmospheric carbon (C) in vegetation and soil while maintaining
sustainable productivity. It is also one of the promising management practices to reduce
soildegradation (Lal, 2004).

Agro forestry has a particular role to play in mitigation of atmospheric accumulation of
carbon dioxide for instance, as reported by different scholars Land-Use Change and
Forestry report of the IPCC, agro forestry offered the highest potential for carbon
sequestration (Nair et al., 2009). Trees also provide various service functions, such as
increasing soil organic matter and nutrient levels and reducing runoff and soil loss, and
these increase the productivity of fields beyond what occurs in fields without trees. Land
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misuse and soil mismanagement has caused depletion of SOC with an attendant emission of CO2
and other GHGs in to the atmosphere (Lal, 2004). Carbon is lost from the soil through leaching
of dissolved carbon, erosion, and conversion of carbon to carbon dioxide through

mineralization (Baldock, 2007).
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3. MATERIAL AND METHODS
3.1. Description of the Study Area
3.1.1 Location of the area

The study was conducted at Belete forest, which is part of Belete Gera RFPA located in ShabeSombo
district of Jimma Zone, southwestern Ethiopia. The woreda is located at 375 km south west of
Addis Ababa and it is part of the Belete Gera National Forest Priority Area and Situated at
longitudes between 36015°E and 36045’ E and latitudes 7030° N and 7045°N .

Ethiopia N Jimma zone _— N

Legénd =
Jimma :

Legend {
| Ethio_district km | Shebe-Senbo ~ \ ! 1cm=5km
- Oromia

N

Oromia Region

Legend
[ oromia Legend I
1.cm =20 km Shebe-Senbo .y

1cm =1 km

Figure 1. Map of the study area

3.1.2. Agro-ecology

Agro-climatic zones of shabesombo are lower altitude 20%, middle altitude 65% and high
altitude 15%.
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3.1.3 Climate

The area receives an average annual rain fall ranging from about 900 to 1300mm. The
minimum and maximum daily temperatures of the area are 20°C and 28°C, respectively
(Abazinab et al., 2017).

3.1.4 Economy

In Shabe-Sombo Woreda, the economic base of the people is directly linked to agriculture,
mainly production of food crops followed by coffee and rearing of livestock. The major
cereal crops produced in the area include maize, wheat, barley and teff. And; the livestock
are cattle, sheep, goats, horses and poultry. In addition honey production, natural coffee and
firewood gathering from the forest is used for income generation. Belete-Gera forest is
under Participatory Forest Management regime commenced in 2007. Community-driven
forest management associations; improving agricultural technologies and practices through

farmer field schools and livelihood support through the Forest Coffee Certification Program.

Forest Coffee Certification Program supported producers of forest coffee in obtaining forest
coffee certification from the Rainforest Alliance, a US-based NGO. The price of certified
coffee at the farm gate is 15-20 percent higher than the regular price. Coffee certification
program is an effort to encourage shaded coffee system to move toward greater sustainability
(Mas and Dietsch 2004). According to JICA (2010), providing premium price to producers
who maintain shade coffee successfully enhanced the incentive of conserving forest areas
and biodiversity offer an opportunity to link environmental and economic goals.

Table 1 Land use types for Shabe Sombo district

Land use types Area in(ha) %age
Cultivated land 40014 33.59
Grazing land 490 0.41
Forest land 51000 42.82
Settlement land 8696 7.30
Wet land 2798 2.35
Others 16102 13.52
Total 119100 100

Source: SEPSh.SD Report 2016, ShSWRLEP Office 2017

13



3.1.5. Vegetation

The total area of Belete forest is about 25,597.94 ha. The natural forest account for
16312.96 ha whereas the coffee area is about 9284.98 ha (JICA, 2010). The forest cover
has declined 40% between 1985-2010 periods (Todo and Takahashi, 2011). In addition, the
forest is heavily disturbed by human activities like selective logging, livestock grazing and
coffee production (Cheng et al., 1998). Belete forest is characterized as an Afromontane
evergreen forest, dominated by trees like Syzigiumguineense, Olea welwitschii, Prunus
africana and Pouteriaadolfi-friederici (Demissew et al., 2004).

Even though, the majority of the natural forests are under the government protection it is
presently under great threat because of over exploitation (Hundera, 2007). In the area,
forests are mostly used by local communities, and large-scale commercial logging is not
present. Different researchers, the forest managers and experts raised three major reasons
for the rapid declining of forest in the area: expansion of farmland including planting
coffee into the forest; wood extraction for home consumption and commercial sales of
firewood and timber; and illegal settlement by migrants from other regions of Ethiopia due
to the country’s growing population and different man-made/ natural hazards. Although
wood extraction is illegal in the forest area, which is owned by the government, it is
difficult to prevent, as there had been no active system or institution for forest
management, either community or government- driven(Todo and Takahashi, 2011).

3.1.6 Population

Total populations of the district are 134,442. From these 67,866 (51%) were males and 66,576

(49%) female (CSA, 2014). Forest area 7983 households live a total population around 8,571.
About 76.83% are Muslim, while 21.26% Orthodox Christianity and 1.77% were Protestant.

Its administrative center is Shabe town.
3.1.7 Topography of the area

Belete forest area was dominated by gentle slopes and a localized steep slopes ranging from 4 -
45%. Several small streams cross the area. It is bordered on the south and south-east by the

Gojeb River which separates it from the SNNPNRS, on the west by Gera Woreda and on the
north by Seka Chekorsa Woreda. The altitude ranges between 1,300 and 2,900 masl.
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3.2 Research Methodology
3.2.1 Sampling method

Two sites (Sebeka Debiye and Shabe Daso) were selected purposively due to the presence of
semi forest coffee and natural forest, relative proximity to road and nearby forests from seven
village bordering the natural forest. The household for forest inventory were selected ten
households from each of the wealth categories (in generally 30 households) based on the
criteria, such as the amount of coffee and cereal crops produced in quintal per year, livestock
holding and type of house, educating daughters etc. The households for interview were
selected based on simple random sampling techniques. The sample size was determined using
the formula following Barlett et al. (2001) and decided proportional to the total population
size. Accordingly, a total of 120 households were sampled for this study from those who has

semi forest coffee.

z2 r(p)(q) 1o
Ny — ————=Ny4y — —=—
: 2 g 7o
d (1+ )

Where;
no= Desired sample size when population greater than 10,000

nl= Finite population correction factors less than10, 000

Z = Standard normal deviation (1.96 for 95% confidence level)

P = 0.1 (proportion of population to be included in sample i.e. 10%)
g=1-Pi.. (0.9

N = Total number of population
d = Degree of accuracy desired (0.05)

Table 2 Sample size determination of households

Name of kebele Total household Sample size
ShabeDaso 698 62

Sebeka Debiye 540 58

Total 1238 120
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3.2.2 Vegetation data collection

Vegetation data were collected from the farm of the house hold adjacent to the natural forest
and from the adjacent natural forest. A total of 60 plots (30 plots for natural forest and 30
plots for semi forest coffee) with an area of 20 m x 20 m have been established. The plots of
20m x 20m were established at the center of the farm (one plot per farm) and the adjacent
natural forest. Within the main plots, a subplot of 20 m x 10 m and 5 m x 5 m were nested for
saplings and seedlings assessment respectively. To avoid edges effects all sample plots were
established at least 50 m from forest edges or roads inside the forest (Senbeta and Teketay,
2001).

Measurement on tree species of diameter at breast height >5cm and height of >3cm has been
conducted in each plot (Mekonnen et al., 2018). Diameter measurement was done using
diameter tape. All woody species were identified by local name (Afan Oromo) with the help
of local community in the field. Plant identification were following the nomenclature of plant
species published on the Flora of Ethiopia and Eritrea (Edwards et al., 2000; Hedberg et
al.,2006) and Useful Trees and Shrubs for Ethiopia (Bekele, 2007).

3.2.3 Woody species uses information data collection

Woody species usage was collected on the benefits of woody species of natural forest and
semi forest coffee of households. It focused on household’s characteristics (Rich, medium and
poor households). Structured and semi structured questionnaire were prepared to collect the
information. Information was collected through household interview.

3.2.4 Soil sampling method

Soil samples were taken from plots of 20 m x 20 m which was used for vegetation survey.
Two types of soil samples were taken; one for bulk density by using a core sampler, and the
other for chemical analysis by using soil auger. The soil data was obtained through gathering
60 composite samples (30 from SFC and 30 from NF) at 30cm depth .The soil samples from
the four corners and at the center of the plots was composited and brought to Jimma
University Soil Laboratory Center, which is located at Jimma, Jimma Zone, Southwest
Ethiopia.
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3.3 Methods of data analysis

3.3.1. Species accumulation curve

The total numbers of plots were checked by drawing the species area curve. The species
accumulation curve is concerned with accumulation rates of new species over the sampled
area and depends on species identity. Species accumulation curve was draw to check total
sample size taken for woody species assessments. The AccuCurve is a Microsoft Excel 2003
based program calculating various accumulation curves for a set of samples containing more
species (Drozd and Novotny, 2010).

All individuals of species registered in all the sample quadrates were used in the analysis of
diversity, frequency of disturbance, and regeneration status. The Diameter at Breast Height
(DBH), basal area, tree density, frequency and important value index is used for description
of vegetation structure.

3.3.2 Woody species diversity indices

Woody species diversity was analyzed using Shannon diversity index (H*) and Shannon
equitability/evenness index (E). These diversity indices provided important information about
rarity and commonness of species in a community.

Shannon Diversity Index (H’)

Shannon diversity index was used to characterize species diversity in a community. The
Shannon diversity index of species was calculated by the following equation (Magurran,
2004):

H' @= — E Py P Py

r=1
Where: H = Shannon diversity index
Pi = proportion of individuals found in ith species

A. Diameter at Breast Height (DBH)
DBH measurement was taken at about 1.3 m from the ground using common tape. Like

caliper, the common tape does not measure diameter directly, but instead measures the
circumference of the tree.
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The circumference was converted to diameter by solving for DBH in the equation: C = x*
DBH.

Where: C =circumference of tree, n=3.14...,

DBH =diameter at breast height of tree.
Therefore, DBH=C/Tt ........ooiiiiiiii e (FFA Forestry, 2010)

B. Basal Area (BA)
Basal area refers to a measure of tree density that defines the area of a given section of land

occupied by the cross-section of tree. The relative importance of woody species in a forest is
well understood from measurements of basal area than stem counts. Therefore, species with
the largest contribution in basal area considered the most important woody species in the
forest (Fekadu et al., 2012). It expressed in meter square per hectare. Basal areas were also
used to calculate the dominance of species.

BA=T1 (D/2)2= (DBH/2)2X3.14.....cccteeterreeeiieie e (Suratman, 2012).
Where

BA- Basal Area (meter square)

D (DBH) -is diameter at breast height (cm)

I1=3.14

. Shannon evenness (E): is the distribution of individuals among the species in a studied
forest.

H  Yi_1P;IlnPi

f Sl — = —
H max [ns

Where: E= Equit ability (evenness) which was values between 0 and 1 H = Shannon

diversity

H max= Maximum level of diversity possible with a given population
Pi= Proportion of individuals found in ith species

S= Total number of species (1, 2, 3 ....S) source (Kent and Coker 1992)

D. Sorensen’s similarity index: is the common similarity measurement index, which

ranges from zero (no species in common) to one (identical set of species).It was calculated
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to indicate that the degree of similarity in composition of woody species between natural
forest and semi-forest coffee. It is calculated with the following formula (Magurran, 2004):
& 2C
Vs T (2C + A+ B)

Where Ss = Sorensen’s similarity index
A = number of species in sample one
B = number of species in sample two
C = number of species common to both sample.

E. Important value index (IVI1)
The IVI is useful to compare ecological significance or dominance of woody species in the
natural forest and coffee agro forests, which has been calculated from the sum of relative
dominance, relative frequency, and relative abundance (Kent and Coker, 1992)
IVI= Relative dominance + Relative frequency +Relative abundance
F. Dominance
It refers to the degree of coverage of a species as an expression of the space it occupied in a
given area.

Dominance =Total basal area

Area sampled

Relative dominance =Dominance of species A * 100

Total dominance of all species Source (Kent and Coker, 1992).
G. Frequency: it shows the presence or absence of a given species within each sample plot.

Frequency of species = No. of plot that species occurs * 100

Total number of plots
Source: (Moreno-Casasola et al., 2011).

Relative frequency= Frequency of species A * 100

Total frequency of all species
H. Abundance

Relative Abundance =Number of individual of species * 100

Total number of individuals Source: (Magurran, 2004).
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I. Density
The density of woody species has been calculated by summing up all stems across all sample

plots and converting into hectare basis (Mueller-Dombois and Ellenberg, 1974).1t is
calculated by following formula:
Density = Total number of individuals * 100

Sample area in ha
3.3.3 Woody species statistical data analysis

In this study, the collected data from woody species inventory and household questionnaires
were coded, computerized and analyzed using the Microsoft Excel and Statistical Package
for Social Sciences (SPSS) version 20 for different statistical purpose. T-test were used to
compare forest products utilization and status of forest differences of the natural forest and
semi-forest coffee.

3.3.3 Soil laboratory Analysis

The samples collected for chemical analysis were dried by air, crushed the clods by hand to
accelerate the drying process, grinded by mechanical grinder and sieved by a 2 mm sieve
mesh. The samples were analyzed for C, pH and textural analysis. Soil pH was measured potentio
metrically using a pH meter a 1:1 (v/v) soil water suspension and textural fraction was determined
by hydrometer method. The soil samples taken for bulk density calculation were oven dried
at 105°C for 24 hours. In this study it was calculated as oven dry weight mass (g) divided by
sample volume (cm3) (Pearson et al., 2005) method. SOC was analyzed according to
Walkley-Black method (Walkley and Black, 1934).

3.3.4 Soil statistical data analysis

The results were subjected to analysis of variance (ANOVA). All statistical computations
were made by using the statistical package for social sciences (SPSS version 20). The least
significant difference (LSD) at P<0.05 was used to determine statistically significant
differences within each variable. The significant difference at P>0.05 was used to determine
statistically significant differences between natural forest and semi-forest coffee. We
conducted one-way ANOVA test for significant differences in SOC for each category of land

uses.
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4 RESULTS AND DISCUSSION
4.1 Household demographic characteristics

The household survey conducted at the two sites, the gender composition of respondents
revealed that, of the total respondents 91.6% (110) were male headed while only 8.4% (10)
were female headed. From the total sample, almost 64% were found between the age of 20-59
years of age and 8.7% were 60 years and above. The mean age of the sampled household was
42 years while the minimum and maximum year of age was 20 and 65 respectively.

Table 3 Age and sex structure

HH head characteristics Response Number of respondents Percentage (%)
Age 20-39 49 40.8%

40-59 64 53.3%

60 and above 7 5.9%
TOTAL 120 100%
SEX Male 110 91.6%

Female 10 8.4%

120 100%

Total

Source: House hold survey, 2019

4.1.1. Marital status and family size

The average family size of the individual households in the study area as a whole is 5.7.
However, it ranges widely from 3 to 11. Majority of the sampled household heads have three
to eight family members accounting for 106 households respectively from the total sampled
120 households. Respondents with less than three members constitute 6.7% whereas farmers
with eight and more members share 5%. Some extremely large family sizes were observed in
the survey with some of them having 9 — 11 family members.

21



Table 4 Marital status and family size of respondents

Characteristics Status Number of respondents % age

Marital status Single - -
Married 113 924.1
Divorced - -
Widowed 7 59
Total 120 100

Family size Size of members Total number % age
<3 8 6.7%
3-5 72 60%
6-8 34 28.3%
>8 6 5%
Total 120 100

Source: Field survey, 2019

Marital status is an important variable affecting fertility behavior since most of the births
take place within marital union. So the change in the distribution of marital status has an
important bearing on the size of households. The survey at the two sites has revealed that
94.1% of the sampled respondents were married while the rest 5.9% was widowed. As with
the family size of respondents, the average household size in the study area stood at 5.7
members per households. The survey result also revealed that female population is slightly
higher (51.3%) than male population (47.7%). The age structure is greatly dominated by
young people of less than 15 years (45.1%) which is likely to result in continued rapid
population growth. On the other hand, about 54.9% of the population is found in the
working age groups of 15-64 years. This indicates that, as it is true for Ethiopia and some
other developing countries especially in sub-Saharan Africa, the population is
predominantly young, and this in turn indicates the existence of high fertility rate.
Therefore, the implication is that there will be increased demand for crop land, expansion
of coffee plantation, land for expansion of settlement, fuel wood and construction and other
natural recourses. Such pressure on the forest resources inturn accelerates degradation and

loss of natural forest.
4.1.2. Educational status

The data presented in Table 5 reveals that 34.2% of the respondents cannot read and write.
The corresponding shares of respondents who have received primary education comprise
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55% and only 10.8% of them attained secondary school education. This indicated that in
regard to the attainment of education most respondents were not favored in terms of
education.

Table 5 Education status of the respondent

Education status Frequency % age
Iliterate 41 34.2
14 43 35.8
5-8 23 19.2
9-12 12 10
Above 1 0.8
Total 120 100

Source: Field survey, 2019

Results on the highest educational level attained by household respondents revealed that 55%
have primary level of education, while only 10% have attended their secondary level of
education, respectively. The average education level of the respondent showed a negative
relationship with forest product collection and extraction from the forest as increasing
educational level made forest product collection increasingly unprofitable. This may be due to
the fact that all labor time allocated for forest product collection is positively and significantly
related to quantity of harvesting or collection. Therefore, the finding is similar to Mamo, et al.
(2007), who concluded that educational level of the household is negatively related to forest
dependency.

4.1.3. Land size and use

The land holding size of households in the sample is one of the limiting factors for better
management of the existing natural forests and for additional planting of trees as buffer zones
to minimize pressure on the natural forest. The survey result indicated that there is variation in
land holding sizes among the various households and the land holding sizes can generally be
classified in to four different classes as: < 0.5 ha, 0.5-1.0 ha, 1.01-2.0ha and >2.ha (Table 6).
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Table 6. Distribution of Landholding Size (ha) of Household Heads

Land holding size Frequency %age
<0.5ha 46 38.3
0.5-1.0 ha 29 34.2
1.01-2.0 ha 38 31.7
>2.ha 7 5.8
Total 120 100

Source: Field survey, 2019

According to this report, over 72.5% of the respondents cultivate farmlands with areas less
than 1.0 hectare each. The implication was that households’ asset, land size, was found to
influence forest dependency negatively. According to the study result, larger landholding size
asset decreased the level of dependency on forest products especially timber products from
the natural forest.

4.2 Woody Species Composition and Diversity

Species accumulations curve was drawn to determine the total sample size required for
the assessment of woody species. The result showed that it levels after 28th plot for the
natural forest and 25th for the semi-forest coffee (Figure 2). This implies that the total

number of samples taken for this study were sufficient. species accumulation curve

species accumulation curve

© 25 NF SFC

0 5 10 15 20 25 30 35
Number of plot

Figure 2.Species accumulation curve of natural forest (NF) and semi forest coffee (SFC)
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A total of 66 species representing 43 families of woody species were recorded in all semi
forest coffee and adjacent natural forest, of which 47 belonging to 26 families in natural
forest and were 34 species belongs to 17 families in semi-forest coffee (Appendix 2 and 3).
The most dominant families in natural forest were Fabaceae and Rutacea both contributing to
18% of the species recorded. Correspondingly, for semi forest coffee Fabaceae and Rutaceae
family was the most diverse family having 14.8% and 14.8% of the species (Appendix 4).
The family of Fabaceae and Rutaceae represented the majority of woody species in both
natural forest and semi- forest coffee. This study is support by Bajigo and Tadesse (2015)

who reported that the family

Fabaceae as the dominant family of the woody species recorded in the Wolayitta zone.
Fabaceae families were dominant in the southeastern rift valley escarpment of Ethiopia
(Negash et al., 2012). Dominance of Fabaceae reported from other vegetation studies in
woodlands of Ethiopia due to adaptation potential of Fabaceae families to wider agro-
ecologies (Teshome et al., 2004). The Sorensen’s floristic similarity index showed that the
natural forest and semi forest coffee share high woody species (Ss=42%). Twenty-nine
woody species were common to both natural forest and semi forest coffee (Table 7). They
had similarity in woody species composition between natural forest and semi forest coffee,
which revealed that the woody species in the semi forest coffee are established from natural
forest by intensifying management on woody species and they had the same species
combination and remnants of the past forest. This finding is supported by Molla and Asfaw
(2014), who shows that (58.67%) of woody species composition similarity existed between
natural forest patches and enset based coffee agro forestry.
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Table 7. Common woody species for both natural forest and semi-forest coffee

Scientific Name Family
Albiziagummifera Fabaceae
Albziagrandibracteata Maytenusundata
Bersamaabyssinica Melianthaceae
Clausenaanisata Rutaceae

Cordia Africana Lam.
Croton macrostachyus

Boraginaceae
Euphorbiaceae

Crotolariamildbraedii Fabaceae
Canthiumoligocarpum Rubiaceae
Dracaena afromontana Dracaenaceae
Diospyrosabyssinica Ebenaceae
EhretiacymosaThonn. Boraginaceae
Fagaropsisangolensis Rutaceae
Ficussycomorus L Moraceae
Ficusovata Moraceae
Galineria saxifrage Rubiaceae
Justiciaschemperiana Acantaceae
Maytenusarbutifolia Celasteraceae
Millettiaferruginea Fabaceae
Mimusops kummel Sapotaceae
Oleacapensis L. Oleaceae
Oleawelwitschii Oleaceae
Phoenix reclinata Arecaceae
Phoenix reclinata Arecaceae
Pouteriaadolfi-friederici Sapotaceae
Polysciasfulva Araliaceae

Sapiumellipticum
SpathodaCompanulata
Scheffleraabyssinica
Syzygiumguineense

Euphorbiaceae
Bignoniaceae
Araliaceae
Myrtaceae

The woody species (individuals) recorded in natural forest were 58.12% (1038) trees and
33.76% (603) shrubs with few lianas 8.12% (145), whereas in semi forest coffee 64.2% (386)
were tree, 35.8% (216) shrubs (Figure 3). The number of woody species varied considerably
in the sites under consideration; the tree and lianas were high in natural forest than semi-forest
coffee. The shrubs had some difference between natural forest and coffee agro forests. This
variation is due to continuous clearing of the undergrowth vegetation for coffee management,

which had caused reduction in woody species in the semi-forest coffee.
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Figure 3. Growth habits of woody species in natural forest and semi forest coffee

4.2.1. Wood species diversity

In natural forest, 47 woody specie were recorded where as in semi-forest coffee only 34
different woody species were recorded (Appendix 4). Although the result shows more woody
species under natural forest compared to semi-forest coffee, statistical not significant
difference (p > 0.05).This study is supported by Molla and Asfaw (2014), who reported 43
different woody species were recorded in natural forest whereas 32 woody species were
recorded in the enset based coffee agro forestry in the Midland of Sidama Zone in Ethiopia.

Shannon“s diversity index of woody species in natural forest (H* = 2.76) and semi-forest
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coffee with coffee (H*= 2.69). However, the difference in Shannon diversity of woody
species was not statistically significant difference (p > 0.05) between the natural forest and
semi forest coffee (Table 8). This could be the uniform distribution of species in semi-forest
coffee and enriched by the farmers with economically important species that meet the needs
of the local people in semi forest coffees.

Table 8. Diversity of woody species in natural forest and semi-forest coffee

Forest site Richness Diversity

Shannon index Evenness
Natural forest 47 2.76 0.79
Semi forest coffee 34 2.69 0.71
P-value 0.168 0.361 0.289

This study agrees with the study of Tadesse et al. (2014) which demonstrated higher Shannon
diversity in natural forests than semi-forest coffee. The present study is also supported by
Boakye et al. (2012) who reported that higher diversity index in Ghana natural forests than
Taungya agro forests. According to Likassa (2014) higher species diversity in adjacent natural
forests than shade coffee farms due to difference in the management practices so coffee farms
generally characterized by selective retention of some over story trees. Shannon’s evenness
for natural forest and semi-forest coffee were 0.79 and 0.71 respectively. No differences were
observed in evenness of species in both natural forests and semi-forest coffee. This study
supported by Molla and Asfaw (2014) who reported that Shannon evenness of woody species
was no significant difference observed between natural forest and enset based coffee agro
forestry.

4.2.2. Importance value index

The IVI is an aggregate index that summarizes the dominance, abundance and frequency of a
species. VI of all woody species in the natural forest and semi-forest coffee were listed in
Appendix 5 and 6. Accordingly, the ten leading dominant and ecologically important woody
species in natural forest and semi forest coffee were given in ascending order in Table 9. The
species with the highest IVI were Olea capensis (57.17%), Tecleanobils (30.58%), and
Croton macrostachyus (21.49%) followed by other species in natural forest. Whereas in semi-
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forest coffee, highest IVIs were Schefflera abyssinica (27.04%), Sapium ellipticum (27.01%)
and Vepris dainelli (26.96%) followed by other species. Importance value index showed that
overall importance of a species and gives an indication of the ecological success of a species
in a particular area (Worku et al., 2012).

Table 9.Importance value index of woody species in natural forest and semi forest coffee

Natural forest Semi forest coffee

Botanical nhame VI Botanical name J\ii
Oleacapensis L. 57.17 Scheffleraabyssinica 27.04
Tecleanobilis 30.58 Sapiumellipticum 27.01
Croton macrostachyus 21.49 Veprisdainelli 26.96
Crotolariamildbraedii 13.83 Bersamaabyssinica 22 68
Millettiaferruginea 12'31 Syzygiumguineense 19.67
Dracaena afromontana 11'45 Diospyrosabyssinica 18.83
Canthiumoligocarpum 11'05 Croton macrostachyus 18.53
Bersamaabyssinica 10'09 Millettiaferruginea 16.89
Diospyrosabyssinica 9 8;4 Oleacapensis 16.69
Ehretiacymosa 8.53 Albiziagummifera 15.96

Those species that have been identified to have high IVI value were mainly due to their high
dominance. Therefore, the VI values can be used to species conservation and species with
high V1 value need less conservation efforts, whereas those having low VI value need high
conservation effort. The IVI values are used in conservation programs, where species with
low IV values are prioritized for conservation (Shibru and Balcha, 2004) and those with high
IVl values need monitoring management (Gurmessa et al., 2012).
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4.2.3. Population structure

Distribution of all individuals in different DBH size classes in the natural forest and coffee
agro forests showed more or less inverted J-shape, there were greater numbers of individuals
in the lower diameter size class. In natural forest, 55.66% and semi forest coffee 54.92 % of
individuals were concentrated in the first lower diameter size class. Only 0.59% in natural
forest and 2.89% in semi forest coffee were found in the higher diameter size class (> 90 cm).
Generally, diameter class distribution was an inverted J- shape, which showed that the species
was more in the lower diameter classes and decreased gradually towards the higher classes.
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Figure 4 Diameter class distributions of woody species in natural forest and semi forest coffee.

Some of woody species density distribution of diameter classes of woody species resulted in
different patterns in both natural forest and semi forest coffee (Figure 4). The highest DBH of
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trees in natural forest >100 cm was contributed by Olea welwitschii (286¢cm), Pouteriaadolfi-
friederici(241cm), Schefflera abyssinica(209.55cm) and Ficus vasta (123.88cm) and in semi
forest coffee highest DBH >100 cm were recorded by Olea welwitschii (168cm), Sapium
ellipticum (124cm) and Schefflerra abyssinica (102cm) species. The overall structure of the
natural forests and semi forest coffee can help understand the status of regeneration. Reverse
J-shaped distributions indicated more or less a healthy or stable regeneration (Worku et al.,
2012). This means high numbers of individuals in the lower diameter classes but decreases
towards the higher classes. Overall distribution of diameter classes of individuals of all
species encountered indicates a relatively high proportion of individuals in lowest diameter
class, which form potential source of recruitment to successively increasing diameter classes
that ensures sustained future regeneration of the forest if properly managed. However, the
number of individuals in the next higher diameter classes declined considerably suggesting
that there is interference that can be attributed to unsustainable exploitation of woody species
in forest by the local people both for domestic consumption and for generating income.
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Figure 5 Diameter class distribution of some selected species in Natural forest and Semi forest coffee

Diameter at Breast Height distribution of some selected species in natural forest and semi-
forest coffee shows highest frequency distribution in the lower diameter classes and a gradual
decrease towards the higher classes. For example when we see Olea capensis and Cordia
Africana the density of individuals in the lower DBH class is very high both in natural forest
and semi forest coffee but no individual in medium and higher DBH classes. This showed that
there is selective cutting of the species for different purposes like for construction, farm tools,
furniture making and fuel wood. Ficus sycomorus and Pouteria adolfi-friederici shows a type
of frequency distribution in which there is a low number of individuals in the lower diameter
classes but increases towards the higher classes for Ficus sycomorus in natural forest but
Pouteriaadolfi-friederici only found in the higher diameter class in both natural forest and
semi forest coffee. And both species has no individual in medium diameter class in both
forests (Figure 5). The only difference between natural forest and semi forest coffee is in
number of individuals of each species.

4.2.4. Regeneration status

The present study showed that the natural forests had higher density of seedling and sapling
than semi forest coffee. The mean density (number of individuals ha-1) of seedlings and
sapling of the woody species showed significant (P< 0.05) differences between natural forest
and semi forest coffee (Table 10). This indicated that natural forests have higher regeneration
status than semi forest coffee. However, the mean density of tree in natural forest and semi

forest coffee shows no statistically significant difference (p > 0.05). When the natural forests
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are converted in to semi forest coffee regeneration of woody species decreased. Traditional
coffee management system for coffee production is opening up undisturbed forest by clearing
undergrowth vegetation competing with coffee and cutting some shade trees to open up
canopy. During the coffee management practice, the understory small shrubs and herbaceous
layer are frequently cleared to reduce competition on coffee shrubs and enhance coffee
production. Therefore, coffee management was reducing regeneration of species to improve
the productivity of the coffee in semi forest coffee. This study is supported by Tadesse et al.
(2014) who reported that natural forest fragments have higher regeneration and recruitment
than the semi-forest coffee of the smallholder farmers. This study is also agreed with (Senbeta
and Denich, 2006; Hylander et al., 2013) who reported that intensive wild coffee management
in forest-fragments would reduce density of species regeneration.

Table 10. Density of seedling, sapling and tree of natural forest and semi-forest coffee

Growth stage Natural forest Semi forest coffee P—value
Density ha-1 Density ha-1
seedling 1834.14 1346.7 0.026
sapling 575.52 422.9 0.023
Tree
456.12 423.3 0.106

4.3. Woody species uses and conservation

4.3.1. Woody species uses diversity

Woody species use categories were recognized plants for medicine, food (edible), honey,
material sources (including lumber, beehives), social services (ritual/religious value) animal
fodder and environmental uses (shade for coffee, live fences, etc.) (Table 11).The number of
species for each use category is indicated in table 11.
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Table 11. Woody species recorded and use categories in natural forest and semi-forest coffee

Sites
No Scieonfic nams Vermacular pame Hab Parisused Thpe of usages
M M IE M m i SFI:.
1 Acomizceas
Juzricia schemperiana Dhunmmmsaa 5 Foat Medicinal value *
1 Araliscese
Scheffiera abyisinica Bottoo/gatamaa T — Flower Far honey production *
and wood and bouss material
Polyzcias fulva Fariyo T  Flower Far honey producton *
and timber  and timber
3 Arecaceae
Phoenix reciinara Meexil T  Froitseed Frof edible and the Jeaf *
and leaf  for basket making
part
4  Apleninceas
Arplevium pratensum Gawoo Cawoo L For fencing and forbee  *
hive
5 Amacardiaceae
Rhus gintmaza amesa ST Woodpart Fuoelwood *
6 Adpocymaceas
Landoinfia buchananni  Yebo L Wood Fencing and for bee hive  *
T Boraginaceas
Ehretia cymosa LUlaagaa T  Leawes Leaves for medicinal *
and siem  vake and stem for farm
o<l
Cordimgficana Lam. Waddesssa T  Fruoit Frast edible . flower for
Jlowrer honey be flor and stem
and stem  for furnifure making,
hoase door and window
(comstrucion)
Spathoda Comparmlata Anunmra T  Leawes Leaves for medicine and  *
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a3 shade far coffes

18 Mymacese
SvoyEium Fuieene Baddesszaa T Froitand  Fruit edible and wood for
stem timber of house
Cconstruction
19 Neaceae
Olea welwitschii Bavaa T Stem and Stem to put bee hive on it
bark and for beshive attractive
amell
Chionanthus mildbreadii Gajaa T Stem Faor house constraction
and use for farm tools
1) Pinterporacece
Pirterparum viridfTorum  Soolee T Bark Bark and lsave for
Jeave and medicinal value, stem for
sheam fuel wood
21  Rufaceae
Clawrena anizata Clhumaave 5 Stem Farm tools and for
cleaning tease
Teciaanobiis Miainii T Stem Farm tools and house
construction
Fapris daimeili Hadhesssa T Siem Famm tools
12 Rubigceae
Cralirderia saxfraga SImaranm T Stem Fuoel wood and fencing
Camthium plipacarpum Mmoo T Stem Far storage consiraction
and fencing
Coypanithus Speciasus Embirango H Stem construction
Taldesa
13 Sapotacese
Mmusaps ummel Folaati T Stem House construction and
timber
14 Sapindrceae
Allophyhes abyssimions Se’o T Stem Fuoel wood and bousa
Cconstruction
Pouterizadolfi-friederici  (araro T Stem House constroction,
timber and fior furnirare
15 Triaceme
Grawie farruginea Bunmrii T Stem For farm tool
construction of house and
fencing
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4.3.2. Woody species use for honeybee flora

Across the study areas, 11woody species representing 9 families were recorded as being
sources of honeybee forage in the natural forest where 9 woody species representing 7
families in semi- forest coffee. As the majority of honey production in the study areas is
more of traditional type, these species are highly important in both natural forest and semi
forest coffee. There are no differences in both natural and semi-forest coffee.

4.3.3 Woody species used as source of food

In the study area 5 woody species belonging to 5 plant families were considered by the local
people as edible in natural forest and 4 woody species belonging to 4 families in semi-forest
coffee. Boraginaceae, Moraceae, Myrtaceea ,Arecaceae and Apocynaceae families each
representing by one species in natural forest and the same for semi forest coffee and the only
difference is the absence of Apocynaceae family in the semi forest coffee. The majority of
the recorded edible species have their fruits and/or seeds as the edible parts. Generally, fruits/
seeds tend to be more common. The edible woody species were recorded in natural and semi-
forest coffee has almost similar.

4.3.4 Woody species used as medicine

A total of 5woody species belonging to 5 families were recorded as having medicinal uses in
natural forest and the same to semi-forest coffee (Table 11). These species are used to treat
various kinds of ailments of humans and livestock such as rabies, viral disease, headache,
stomachache, wounds, etc. (Table 11). A comparison of the households’ wealth category
revealed that the poor household (95%) uses the highest number of woody species for the
treatment of different illnesses followed by medium (62%) households. However, some
species are well known across all households for their medicinal values, e.g., Fagaropsis
angolensis and Croton macrostachyus.

4.3.5 Woody species used as animal fodder

In two studied site, many grass and herbaceous species are usually used for animal fodder.
However, this study considered only shrubby, liana and tree species that are known to be
fodder plants. Overall, five species were cited as important sources of animal fodder in the
study area both in natural forest and semi-forest coffee. Some of these species were used by
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all household wealth categories and include Crotolaria mildbraedii, Dracaena afromontana.
Ficus vasta, Ficus sycomorus L. and Sapium ellipticum.

4.3.6 Woody species use for farm tools and domestic uses

Over 30 and 27woody species in natural forest and semi forest coffee were respectively as
being used to make different house utensils, farm tools, lumber and baskets. Among these
Cordia africana, Landolphia buchanonni, Ekebergia capensis, Ficus vasta, Phoenix
reclinata, and Pouteria adolfi-friederici are mostly used woody species. In this regard, the
highest numbers of woody species were recorded in natural forest (30). For example,
Phoenix reclinata leaves are used to make baskets, used as mats for floor covering,
containers to carry goods or basket-like, general-purpose containers. The products are highly
marketable and can be found in many local markets. Landolphia buchanonni widely used as
special rope that can be used locally and also marketed in some places. Many of the other
available tree species are used as building materials in carpentry, woodwork, furniture and
utensils. The majority of tools and household items are made up of woods from the different
tree species. Some species are used for food and for fencing purposes. Some other species
such as Teclea nobilis, Canthium oligocarpum, Ehretia cymosa and Grewie ferruginea are
woody species used for farm tool from a natural forest.

According to all respondents both coffee and honey are important sources of livelihoods in
the area. Also fuel wood and charcoal are important sources of livelihoods for poor
households in both natural forest and semi- forest coffee area. Other like fruits and seeds of
wild edible woody species and medicinal values are less traded and mostly used for home
consumption as highlighted by respondents. However, the woody species in natural forest
and semi-forest coffee are offering various goods and services for the local communities
living in and around them. Despite their importance, however, the forests and their products
are less managed in natural forest and semi forest coffee areas. Many people perceived the
resources as communal or open access anybody could go and collect whenever there is an
opportunity especially in natural forest. If the potential of woody species resources is to be
managed and sustainably used by local communities, then ownership of the resources must
be clearly established. There is little incentive for the local communities to engage in
management activities as land tenure is uncertain (Agrawal, 2003, Fisher et al. 2010). Many
rural households, especially those with little land of their own, rely on common property
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areas for gathering wild plants or woody products that contribute to their household

economies.

4.4. Forest product uses and access

The livelihood of households in the study area was largely depends on timber and non-timber
forest products. However diverse forest products were collected by households for home
consumption and for sale and most of the products were obtained from this forest. The major
forest products reported by households include firewood, honey, construction wood/timber,
charcoal and medicinal plants. The dependence of households on timber and non-timber
forest products in the case of natural forest, 15.2% of the household respondents explained
that they access uses of timber in the natural forest area restricted. Where, about 84.8%
household respondents responded that access to use timber in natural forest is without any
restriction. In contrast, in the semi forest coffee all of the respondents report that access to
use timbers highly restricted. Because the semi forest coffee was managed and protected by
the owner and no one can enter and use the timber where as in natural forest it is open access
everyone was using the timber products. In addition, the household respondents of semi-
forest coffee can get dead branches or wood from their own farms for their fuel wood and
lumber needs. Most households (rich and medium who have large land holding size) look
forward to harvesting NTFPs and timber from their owned land and a considerable increase
in their cash income from semi-forest coffee and those poor farmers are more depend on the
natural forest. Therefore, the household of semi-forest coffee decrease their dependence from

the natural forests.
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Figure 6 Access of timber in natural forest and semi forest coffee

In the natural forest, 92.1% of the three wealth category (rich, medium and poor)household
respondents use the NTFPs as common from the forest where as 7.9% household respondents
revealed that collection of different NTFPs restricted in natural forest. The majority of
respondent uses NTFPs from forest of their livelihood such as lianas, fuel wood, medicinal
plants, farm tools, fodder, construction purposes and spice support there live. Yet, in semi-
forest coffee, access to use NTFPs high restricted around 87.7% of household respondents
reported that no one could use NTFPs in the area because of their property (Figure 7).
However, 12.3% of the household respondents stated that they have access to collect NTFPs
in semi- forest coffee. They were allowed to collect some of NTFPs products such as fuel
wood and medicinal plants after the coffee harvested. Accordingly, semi-forest coffee under
the ownership of farmers have existed so far mainly because of the way they have been
cultivating coffee with a management for the most he time restricted because clearing of

undergrowth before collection of coffee berries.
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Figure 7 Access of NTFPs in natural forest and semi forest coffee

Forest resources in the natural forest are accessible to any community member thereby

leading to the forest resource being open to extraction to anyone. Generally, most

households in the natural forest depend on accessing forest resources for their day-to-

day use. Recently, however, the uses of forest services have been diminished in

southwest Ethiopia due to lack of ownership and local access to the use of forests

following land-tenure changes (Tadesse et al., 2013).

4.4.1. Status of forest area

The result of the study revealed that 69.7%, 68.2 and 64.5 of the rich, medium and poor

respondents perceived the existing natural forest as decreasing, where as 28.3%, 28.4

and 32.5 of the respondents perceived as no change. However, 2%, 3.4% and 3% rich,

medium and poor household respondents said forest areas increasing (Figure 8).

41



100.00% -

90.00% -
S 80.00% -
S 70.00%
?‘,— 60.00% wealth category legend
g 50.00% = Rich
o) 0,
2 A0.00% = Medium
g 30.00%
3 Poor
o
T

20.00%
10.00%
0.00%

Decrease, No Increase
change
NF area ‘ SFC area

Figure 8 Status of forest area in natural forest and semi forest coffee

In the semi forest coffee 84.1%, 86.3% and 92.5% of the rich, medium and poor respondents,
stated that were forest area are increased. Whereas 15.9%, 13.7% and 7.5% of the respondents
responded that forest area was no change. The main reasons of semi-forest coffee area are
increasing were expansions of coffee plantation. In general, the forest area were gradually
depleted and destroyed due to increased extraction of timber and non-timber forest products,
and converted into agricultural land. However, decreases in forest area coverage in the study
area were indicated as indicators of decrease in functions and services of forests. This study
agrees with Melaku et al. (2014) who reported that about 84% of the respondents stated that
the forest cover of the area was decreasing, while 13% reported that no change. According to
the respondents, the main causes of forest degradation in the study area were expansion of
agricultural land, fuel wood collection, charcoal making, land use change by investors and
settlements of people. The present study is in agreement with by Tadesse et al. (2013) who
reported that the majority (95%) of interviewed households reported decreased forests lands.
A few respondents (5%) described increase in forests lands. The present study also agree with
the study conducted in Harena coffee forest experiencing serious human pressure, mainly
through agricultural expansion, settlements and conversion of the undisturbed forest in the
intensively managed coffee forest (Woldemariam and Senbeta, 2008). However, as in other of
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the country, the forest areas in this region are declining rapidly, primarily due to the

conversion of forests into agricultural land (Bekele, 2003).

4.4.2. Status of woody species composition

Response from rich, medium and poor household respondents in average revealed that 68.4%
and 82.6 % of the respondents tells as the woody species composition of natural forest and
semi forest coffee highly decreasing. Whereas 12.9% and 7.4% respondents reported that
species compositions of natural forest and semi-forest coffee were increasing (Figure 9).
However about 18.7% of the respondents stated that the species composition of natural forest
were no change in woody species composition. The main reason of species composition is
decreasing in the study area were cutting tree for farm tools, construction purposes, for coffee
management, fuel wood collection, timber and improper use of fire for beekeeping.
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Figure 9 Status of woody species composition in natural forest and semi- forest coffee

The contribution of coffee management to decreasing of species composition was through
traditional management practices. Other using different tree species for construction purpose
and timber production was reduces species composition. Likewise, livestock grazing in the
forest cause damage of regeneration and ground vegetation. During the honey collection from
the forest, poorly managed fire destroyed vegetation.
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In both natural forest and semi-forest coffee, the household respondents were highly
dependent on the forests and its biodiversity for their livelihoods, using a range of forest
resources, mainly NTFPs, for household consumption and income generation.

This study supported with the a study in India by Shekhar (2001) who reported that harvesting
of fuel wood and timber has profound effects on the biodiversity of the forest ecosystem,
often leading to the change in species composition and vegetation structure. The author also
noted that the uncontrolled grazing by domestic livestock is another aspect of removal of
biomass from natural ecosystems, which has direct impact on the regeneration process of
forest by removing the young saplings and soil loss due to trampling. The rapid conversion of
tropical forests for agriculture, timber production and other uses has generated vast, human-
dominated landscapes with potentially direct consequences for tropical biodiversity loss
(Gibson et al., 2011). Forest conversion, agricultural expansion, and infrastructure extension
have transformed landscapes, resulting in biodiversity loss and threatened ecosystem services
(Geist and Lambin, 2002).

4.5. Soil organic carbon

Bulk density, texture and pH

There were no significant differences (P>0.05) in bulk density across the two land use types
and elevations. The difference in pH was marginally significant between land use systems.
The semi forest coffee had the highest pH values. However, all the pH value fall under acidic
soil which may result due to high rainfall is recorded every year in the area. The soil textures
under land uses within each elevation were similar (Table 12) indicating the comparability of

the site with respect to the soil.
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Table 12 Mean values of Soil pH, bulk density, texture and SOC across the land use type

Parameters Elevation Land use P-value

Natural forest ~ Semi forest coffee

PH (H20) 1877-1890 5.78+0.56 6.14+0.68 0.016
BD(g/cm3 1877-1890  0.92 +0.02 0.82+0.02 0.496
SOC% 1877-1890 51.35+0.11 50.64+0.08 0.828
Textural class 1877-1890 Sandy loam Sandy loam

Loam Loam

Soil organic carbon

SOC at 0-30cm soil depth within the two land use types is shown in Table 12. SOC% in
native forest and semi forest coffee were 51.35+0.11and 50.64+0.08 respectively. Native
forest and semi forest coffee had no significant difference by its SOC. In the present study,

the SOC loss from the conversion of native forest to semi-forest coffee remained very low.

The SOC depends on the balance between the annual input of dead plant material and the
annual loss of SOC by decomposition (Nabuurs et al, 1997, Mulugeta, 2004, McDonagh et
al., 2001, Bangroo et al., 2011). In most terrestrial ecosystems, the majority of net primary
production is shed in the form of plant litter, which originates from above- and below-ground
plant organs (Swift et al., 1979). Tree species differ in their allocation of C to above and
below ground components and in their fine root mortality (Cairns et al., 1997). There is also
a considerable site-specific variation in the quality and quantity of litter produced by
different tree species (Aerts, 1997). These factors may explain the similar amounts of SOC in
semi forest coffee as in native forest. And it may also suggest that the coffee based
agroforestry system protects the loss of SOC, and if the annual agriculture reverts to coffee-
based agroforestry in the study area, it could lead to SOC sequestration.
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5. CONCLUSIONS AND RECOMMENDATIONS

5.1. Conclusions

The woody species resource in both natural forest and semi-forest coffee is shown to be an
important constituent of the natural capital available to the local people. The local community
interaction in the natural forest and semi-forest coffee resource is dependent on various
demographic and institutional factors such as family size, farm size, wealth/assets, tenure right
and others which in turn are affecting local people usage of natural forest and semi forest
coffee area resources. The study results illustrate that a total of 66 woody species representing
43 families are identified; 47 woody species from natural forest and 34 from semi-forest
coffee respectively. A very small number of species represented most of the families. The two
forests had showed differences in the species number and total stem count per hectare.

The description of population structure of woody species in natural forest and semi-forest
coffee revealed inverted J-shaped graph that referred existence of more population from the
lower age group and the existence of good recruitment potentials but having poorly
represented in the intermediate diameter classes may be due to selective removal of medium
sized individuals. The composition, distribution and density of seedlings and saplings are
indicators of the future regeneration status of any forest. Hence, natural forest had larger
density of seedling and sapling, but semi-forest coffee had more stem density at maturity
stage. This variation may indicate anthropogenic disturbance that diminishes species at

seedling stage.

Woody species contributes an important role in the livelihood of household heads in both
forests. Fuel wood, honey, forest coffee, construction materials, medicine, farm tools and
charcoal were major forest product sources. Woody species management practices in the
study area of semi-forest coffee farms more or less the same to the adjacent natural forest. It
was observed that woody species diversity and household dependency on coffee production
increased with the closeness of the adjacent natural forest it was concluded that semi- forest
coffee production system is an important land use system in minimizing the loss of woody
species. The SOC loss from the conversion of native forest to coffee-based agroforestry
remained very low. But despite the ongoing habitat conversion, the present study highlighted
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the presence of diverse woody species and their uses in some of the semi-forest coffee and
natural forest, households live in the forest and the surrounding community is easily
accessible for the forest product and coffee plantation. This is disturbing and reducing the size
of the natural forest (causes forest degradation).

5.2 Recommendation

Regarding the importance of semi-forest coffee forest the same to the natural forest for
biodiversity conservation and local livelihood as well as for sustainable use of forest
resources and in soil organic carbon sequestration, the following points can be

recommended in designing and implementing management strategies for this resource:

* Demarcation should be done between the semi-forest coffee and natural forest to
manage over expansion of coffee plantation to the natural forest area with

continuous monitoring of the forest area.

» Awareness should be generated among the local communities to adopt the
strategy for the sustainable use of important species, such as Ekebergia capensis,
Ficus thonningii and Ficus vasta who’s rarely present in the study area and those
woody species mostly used their timber products and who doesn’t have

regeneration like Cordia Africana and Pouteriaadolfi-friederici.

»  All stakeholders which have a responsibility on the conservation of the forests
had working on the substitution of woody species that doesn’t have regeneration
before they lost.

* And it may also suggest that the semi-forest coffee system protects the loss of

SOC, and if the annual agriculture reverts to coffee-based agroforestry in the

study area, it could lead to SOC sequestration.
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6 APENDIX

Appendix 1. Hoosshold survey goestionnaires

Honsehold Identification and their socio-economic condition
Part I general information

Date of interview Month year

Chsirict Forest type siie'sub villags

Part I-Cemeral backsround information

Lid |2

e

1

-
i

8.

Code of respondents , Drate of the interview

Name of respondents | , Ags Sen
Familysize  Female Mal=

Mamal staas. 1. Mamied; 2. Single: 3. Divorced: 4. Widowed
Educational status: 1. Dserate, 2. Grade 1-4, 3. 5-8 grade, 4. Grade £-12; 5. Above
grade 12

Occupational statas: 1. Crop production; 1 Livestock rearms; 3. both crop producton
and livestock reanmng; 4 vegetable production and small scale frade; 5. others (please

specily)

Wealih cateporization” 1. Eeach; 2. Medium: 3. Poar
Total land holding size ha

Source of inroms HMow

Tick mark Proportion of iIncome

Live stock rearms

Crop production

Both live stock rearmyz and crop production

Vegstable and frout production

Small scale rading

Wage labor

Beekesping

Forest coffes collection

Huntine

Spice, leaves and tuber collaction from forest

WDy Spales
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Part II: woody species access to household surveyv questionnaire
1. How do von rate semi forest coffee amd natoral forest mse?

Arcess nzs

Narural farest Semi-forest coffes

Timber (restricted common)

Cromership feelinelprivate ©ommooen)

Housze hold bensfit{low. hizh)

Do yvou use the naharal forest now? 1) Yes 2) No, If Yes for what purpose or Mo
.:Il.tr:l.
2. Woody species nsage in naiaral forest and semi-forest coffes
No | Species local name Type of uses Part of m=es | Site
Matoral Semi-forest
forest coffee

S7




3. How do vou describe the status of existing woody species under semi-Coffes
forestry and natoral forest with previons fimes?

Indicatars (decreasing, Curent stafus semi-forest coffss Mataral forast
ITeasing, oo chanzs) Mam Dec. (e | Mo Der. | Inc Ko
IE3E00 chanzz changs
Fore:t arz
Woody Specie: composition
Different timber products from
woody species
4. Important woeody Species in the area top ten.
Ko Species name Use of species
Manaral Torest »Eml-farest Sanural forest EmI-Torest
1
3
5
3
B
a
10
5. How do yon prefer these woody species ascross semi-forest coffee and natoral
forest.
Ko Species name Mammal forest ({decreasimgz, | Semi-forest coffee [(decreasing.
increasing., no change, lost] increasing, ne chanes, last)
1
3
5
B
a
10

T. Diher soriceconomic benefits of tree species from matoral forest and semi forest

coffes.

Tszage Naitural foresi Semi-forest coffee
Yes No Yes No

Firewood

Hopey produciion beckespine

Improvemsnt of soil ferality

Beducton of sodl erosion

Beductomn of hail frost
damage

Medicinal value

Timber production

Hiodiversitv consernyaiion

imgats

Beductdon of agrochemical
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Appendix I Botanical name of woody species in narural forest

Verpacular pama

Botanical Name (Afan Oroma) Farmily rowth habitat
Aibizia pummifera Hambabbeessa Fabaceas Tres
Mocaranga Halale Maysenurimdaia Tres
Aspleniym profensym awoo Aspleninceae Liana
Allophyius abyssinicus Se'o Sapindaceae Tres
Berzama abyssinica Lalchiisaa Melianthaceas Shrub
Clauzena aninaia Chimaaye Rurtaceas Shrub
Cordia 4fricama Lam. Waddseessa Boraginaceas Trea
Crofon macrasfachyus Bakaniza Euphorbiaceas Tres
Crofoiaria muildbraedi Yubdo Fabaceas Tres
Camrhium glirocarpum Miixoo Rubiaceae Tres
Dracaena giromonsang Emon Dracaemaceae Shrub
Drosmyros abysimica Lookoo Eb=naceae Tres
Ehretia oymosa Claagaa Boraginaceae Shrub
Ekebergia capensis Sonbao Meliaceas Tres
Faparopsiz aneolensiz Simla Rutaceas Tres
Fious 1pcomorus Harbuu Moaraceas Tres
Fieur ovate Dembii Moaoraceae Tres
Fious vasia Qi Moraceae Tres
Caiineria sox{frage SImararm Ruhbiaceae Shrub
Hppocraiea 4fricana Xyvoo _elasteraceas Lianaz
Hippocratea paliens Dikiicha Celasteraceas Lianas
Jurrcia schempariana Dhummunsas Acantaceae Shrub
Langoiphia buchananni Yeha Apocinaceas Lianas
Moesa lancesiara Abbavyii Myrzinaceae Shrub
Mayremus arburifhiiz Fombolcha Celasteraceas Shrub
Millprria farrueinea Askira Fabaceae Tres
Mmusops honmel olaatii Sapotacens Tres
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Fernonia quricuiifena Feji Asweraceae Tree
Chionanthus Mildbroedii. Cajjaa Ol=aceas Tres
Olkea welwirschy Bava Oleareas Tres
Phoenix reclinara Meexii Arecaceae Tres
Firtorparum virid Torum Sopls Mhosporaceas Trea
Prumws 4ficanus Homi Rosrceas Tres
Pouterigadaifl-friegeric] araro Sapotacens Tres
Polyscias falva Fariyo Araliaceae Trea
Sapinm ellpiicum Bosoggaa Eupharbiaceas Tres
Ychefflera abyssinica Boto Araliaceae Tree
SYZVEIUM Fuineense Baddesssaa Mytiaczas Trea
Teciea mobilis Hadheeszsa Purtaceas Shrub
Tiliacora troupimii Ligixii Menispermaceas Lianas
Tecisanabiins Mixirii Rusrcoas Tres
Appendix 3. Botanical name of woody species in semi-forest coffes

Botamical Nams “‘E’G“Ilﬂfmm}m Family Groweh Habitar
Aracia abyisinica Laafioo Fabaceae Tres
Albizia pummifera Hambabbeasza Fabaceas Trea
Borsama abyssmica Lolchiisaa Melianthaceas Shrub
Clausenda anizaia Ulhumaaye Fumaceas Shrub
Caoffea arabica L Buna Fubiaceae Shrub
Cordia gfricana Lam. Waddeesza Borazinaceae Tres
Crofon macrasfaciyus Bakanisa Euphorbiaceas Tree
Crotoiariamild braedii Yubdo Fabacoae Tres
Rytigymun neglecta Mirzo Rubiaceae Tres
Diospyros abyssinica Lookoo Ebenaceae Tres
Dracaena giremonsna Emoo Dracaemacene Shrub
Ehretia cymisa Ulaagaa Borazinaceae Shrub
Euphorbia candelabrum Adamii Tres
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Fagaropsis anzolensis Sigilu Rutaceas Trea
Ficus syoomanas L Harbara Maraceas Tres
Craiinderia saciifaga Simararan Rubigceae Tres
JAcia Toiemperia Dburnmvmapaa Acaniaceas Shruh
Magyrenus gracilipes Komhbalcha Celasiraceaes Shruh
Milletta fermuzinsa Askira Fabaceas Tres
Mmusops el Kolaatii Saporacese Tres
Ol=a capensis L. ajjaa Ole=acaas Trea
Phoeniy reclirata Mloenil Areraceas Tres
Balyscias falva Eariya Araliaceas Tres
Sapium ellipticom Hasogoaa Euphorbiaceas Tres
Siereospernmm kunthiamm Dihamy™ee Bipnoniaceas Tres
SVZVEIN Euineense HBaddesssaa MyTiaceas Tres
Schgifiera abyisigca Hatoo Araliacese Tres
Tecleanabiin Mliximii Ruracens Tres
Fapris damaeili Hadhessza Rutacems Trea

Appendix 4. Farnilies of woody speciss in nataral forest and semi-forest coffes

Mararal forsst Semi forest coffes

Families Wamss Mo, Species % Famnilies Names Mo, Species %
Ruraceaa 103 Fabacsas 148
Fabaceas 1.7 Ruraceas 148
Celavrareas 1.7 Fubiaceae T4
Momceas 1.7 EBoraginaceas T4
Sapotaceas 5.1 Eupherbiaceas T4
Olzaceas 51 Anliaceas T4
Euphorbiacaae 5.1 Melianthaceas 37
Bipnomnisceas 5.1 Ebenacsas 37
Magyrenusundmia 14 Dracaenoceas 37
Asplenincans 14 Moraceas 37
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Sapindaceas 16 Acantacens 1.
Melianthaceae 16 Calastraceas 1.
Rabiaceas 16 Sapatacens 1.
Dracaenaceas 16 Cleaceas 1.
Ebenaceas 16 Arecaceas 1.
Meliaceas 16 Bisnonaceas 1.
Acantaceae 16 Myriaceas 1.
Apocynacsas 16
Myrsinaceae 16
Asteraceas 16
Olzaceas 16
Arecaceas 16
Pittosporaczae 16
Rosaceae 16
Amnbaceas 16
Myttaceas 16
Menizpermaceas 16
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Appendix 5. Relative frequency, Relative dominance, and important value index of woody
species in natural forest

Baotanical Name D RF FA IVI
Aibiziz pummifera 1.675 jov4 1.565 7.315
Alhzia grandibrac ieaia 1.313 4101 2535 2037
Asplaniumprotensum 0.145 1L.677 0298 1119
Aljophyius abyrsinicus 0484 0.838 1267 1599
Bersama abyssimica 1218 4748 31X 10098
Clautena anisata 0.114 0.838 0208 1.253
Cordia gfficana Lam. 2.605 3632 2235 2473
Crofon macrasfaciyus 11.102 7. 265 3lm 11 206
Crorolaria milabraeds 4461 5.868 ERi 13831
Canthium eligocarpum 2.089 6.424 2534 11048
Dracaena giromontana 1.948 71.265 2235 11248
L¥ormros abysimica 1.979 5029 2832 0.E4
Ehretia cymosa Thomn. 4338 2546 2236 8520
Ekebergia capensis Q.07 0.2734 00725 0434
Fagaropsis angolensiz 1.128 3353 0804 5375
Ficus pycomorus L 108 3.0735 2236 a.507
Ficus thonmingri 013 017 0.075 0484
Fieus vasia 0.563 0.I7a 0075 0.917
(mrimeria roxifraga 5 387 12647 3 NE
Mayrenus arburiibiia 0.477 118 0804 1489
Miilgtria ferruginga 3.762 4742 38 11312
Mimusops kumme! 0.57 3632 0594 4.807
(Nea capensis L. 19.732 &3 29.051 57.175
Olea welwitschi 157 1.677 0594 3429
Phoenix reciinga 4.760 0.559 22345 7.563
Poutericadaifl-friedericl 1.765 0.559 0208 3.622
Palyscias fulva 0.038 0.I7a 0.142 0484
Sapium eliipricum 1.249 4181 0208 5.739
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Schefflera abyssinica 3.507 0.838 {0298 4043
SYIVEIIL Puineense 1.475 1.387 1.267 4.138
Teciea nobilis 12.141 1782 15,648 30.584
Tecieanobiin 8.343 8382 11424 18160

Appendix 6. Relative frequency, Relative dominance, and important value index of woody
Species in semi forest coffee

Botmnical Mames ED EF BA W1

Albizia summiera 1.0EBT §. 893 G6OET 15 947
Bersama abyssmica 2.073 E_B53 11.738 22675
Claucena auisara 0033 14953 0.570 1 583
Cordia qfricang Lam. 3140 4431 3623 11.303
Crodom macrostaciyus T.683 5908 4023 18528
Croslariamild broeds 1256 4431 1454 & 141
Canhinm ollgacarpum 334 449714 1404 T7.781
Crinspyros abysEinica 30453 9355 5.507 1883
Dracaena gfframoniang 0337 1.477 1.158 1974
Elretia cymasza 0 200 1477 0.570 1.2466
Euphorbia camdilabrm 0.588 0402 0. T25 1205
Fagaropsiz angolensiz 0601 2431 3044 E07s
Ficos sycomaros L T.24 1952 1.158 10.333
Graimieria raxifraga 1373 2a5s 3.623 TRS
Maytenus graciiipas 0820 2442 0275 126466
Miill=itia fermuginea 4 143 34939 3.697 15.298
Dlea capansis L 0356 837 TET1 16.597
Phoenix reclinam 1.328 1477 .75 3.531
Polysciaz folva 0033 1477 0570 109
Sapimn elliptionm 121800 2442 1.738 X701
Sy=yEium Sinssmse 11.121 44924 3623 19.5587
Fchgifera abyssinica 23,502 2952 0.570 27.036
Tecieanobilis 0201 4431 3623 155
Fapriz dainell] 3.576 TETE 15.507 269452

64




Appendix 7. Fegeneration stanes of woody species in natural forest and semi-forest coffee

Mararal forest Semy forest coffes

Eegeneration Fegeneration
Botamical Name Statas Botamical Name Status
Aibinia pummifera Fair Acacia abyssmica Mo regensration
Aihzia grandibracieara Fair Aibizia pummifera Poar
Aspleniiom pratensim Fair Barsama abyssinica Fair
Allopiyius abyssindcus Fair Clruzena anisair Good
Borsama abyssinica Fair Cafffea arabica L Crood
Clautenda anizais Fair Cordia gficana Lam. Mo regensration
Coraia gfricana Lam. Norepenemtion | Crofon macrosiaciyus Poar
Crofon macrasfackyus Fair Crorolariamiid braeds Crood
Crotoiaria mulgbraed Fair Canrhium pliFocarpum Mo regenaration
Canthium pligocarpum Fair Diospyres abvssinca Mo regensration
Dracaena gifomontana Fair Dracaena qgitomontana Poar
Dhospyres abysimica Cood Ehretia cymosa Poar
Ehretia cymosa Cood Euphorbiz candilobrum Mo regensration
Lrebargia capensis Noregensmton | Fagaropsis angolensis Mo regenaration
Fagaropsis angoiensiz Norzpenemton | Ficus syoomorus L Mo regensration
Ficus [comorns Cood (ralinieria saxjfrasa Crood
Ficur thonmimgri Norepenemton | Jusricia schemperiana Poar
Ficus vasta Norepenemation | Mmrenus gracilipes Fair
Caiingria saxifraga Croand Millernia fermiminea Fair
Hippocratea qfficanda Fair Mimusops kumme) Poar
Hippocratea pailiens Poor Olea capensis L. Mo regensration
Jusricia schempariana Cood Phosnix reclinata Mo regensration
Landalphia buchananni Fair Palyscias fulva Mo regensration
Ma=:a lanceolata Fair Saprom alipticum Mo regensration
Mayrenus arbusiibiia Fair Stereospermum konthianum | Peor
Millettia forruginea Fair SyZyEIUmM paineense Mo regensration
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Mimusops Roramel

Poor

Schgifiere afyssinica

Ho regeneration

Myvica salichbiia Grond Tecleanmabiis Ho regeneration
Chaa caperis Fair

iOea welwitschi I repensration
Phoenic reciinara ]
Pittosporum viridifloommm Fair

Prumis giticanies I repensraton
PougerimadadiT-fHiederic Poor

Palyscias falva I repensraton
Sapitmm ellipricLm Poor

Schefflera abivssimica I repensration
SyzyveElm Fuinssense Paor

Tecioa nabilis Fair
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Appendix 8: Pictures taken during field survey and soil laboratory analysis
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