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Abstract

Abstract

Ethiopia is rich in biodiversity; however, the diversity of plants is highly threatened. Consequently, many of
the Non-Timber Forest Products (NTFPs) with significant potential for rural livelihood improvement are
unvalued, underutilized, and threatened. Moreover, the NTFPs are neglected and not included in Ethiopia's
forest management plans and strategies. Then again, location based specific studies related to the NTFPs
production are scarce in the country. They would be key to assist the rural communities in their food
security and income generation through the sustainable management, use and conservation of valuable
species strategies in their natural habitat. Thus, in this doctoral thesis, we aimed to generate information on
the socioeconomic, population status, and yield potential of underutilized NTFP producing tree species and
wild edible mushrooms in Ethiopia. For this purpose, we targeted the valuable but underutilized NTFP such
as wild mushrooms, Tamarindus indica fruits and Senegalia senegal gums. In this study, we did the
ethnomycological socioeconomic, vegetation inventory and yield estimation studies. The socio-economic
survey was conducted to collect information related to wild mushrooms by using semi-structured interviews
with members of the Amhara, Agew, and Sidama ethnic groups. Forest inventories were also undertaken to
investigate mushroom growing habitat and to identify useful wild mushroom species in each study area. In
total, 300 households were surveyed. In the vegetation survey of the T. indica, we evaluated the stand
status, dendrometric variables, and fruit production of Tamarind trees growing in bushland- and farmland-
use types in dryland areas of Dello Menna district, Ethiopia. In this case, we used the point-centered
quarter method and the tree density per ha and the fruit yield were evaluated. Predictive models were used
for Tamarind fruit yield estimations. Furthermore, we also evaluated the population status and potential
gum yield of Senegalia senegal growing in the dryland areas of South Omo Zone, Ethiopia. Forty-five
sample plots, each measuring 20 x 20 m, were established at 500 m intervals along transects, with 1 m2
subplot located within the main plots to determine regeneration. A linear model of dendrometric variables
was used to estimate gum production from individual S. senegal. From the results of the socio-economic
survey, we found that the Sidama ethnic groups have the most extensive ethnomycological knowledge of
mushrooms as compared to the Amhara and Agew ethnic groups. A total of 24 useful wild mushrooms
were identified. In the Amhara and Agew ethnic groups, wild mushrooms consumption is not common.
However, they indicated that their ancestors were used to eating wild mushrooms, which could eventually
represent a loss of mycological knowledge in these two ethnic groups. On the other hand, such
inconsistency between ethnic groups in terms of their knowledge and perception may also be linked to the

vii



Abstract

social valuation of mushroom resources, which could easily be mitigated by raising awareness. Similarly,
the vegetation survey of Tamarind revealed that there was a significant difference in Tamarind tree density
between the two land-use types (p = 0.01). The mean fruit yield of farmland trees was significantly higher
than that of bushland trees. However, Tamarind has an unsustainable stand/age structure in the farmlands.
Differences in the dendrometric characteristics of trees were also observed between the two land-use
types. Although higher Tamarind fruit yields were obtained from trees growing on farmland than in bushland
in the Dello Menna district, the majority of farmland trees produced <5000 fruit per tree, and their yield can
be improved through deliberate selection of higher fruit yielder trees. This strategy might also lead to the
development of a sustainable fruit supply in rural areas for commercialization or subsistence use. Similarly,
the vegetation survey of Senegalia senegal indicated the presence of forty-two tree species, of which 16
were gum- and resin-producing tree species. Senegalia senegal comprised approximately 35% of
regenerating trees. The maximum gum arabic yield obtained was 3948 g treel. Linear models of
dendrometric variables indicated that gum arabic yield is better predicted by tree diameter than by height.
The information obtained through the socioeconomic study could be useful for further investigations, and
for promoting ethnomycological benefits to different ethnic groups in countries with similar settings. The
information generated from the vegetation survey of the Tamarindus trees could also help rural
communities in areas that are facing similar challenges for valuable trees due to land-use change as well
as for the development of management plans to establish stands that have a more balanced diameter
structure and thereby ensure continuity of population and fruit yields. Similarly, the information gathered
from S. senegal study could help to safeguard the longevity and the proliferation of valuable NTFP-
producing tree species in lowland areas, as well as the livelihoods supported by these resources, both in
the study area and country-wide. Generally, the findings in the three studies could provide management
support to conserve the forests resources in Ethiopia through adding economic value from the NTFPs

production and utilization while enhancing the livelihood of local communities.

Keywords: Ethiopia, Non-Timber Forest Products, Tamarindus indica, Senegalia senegal, Wild mushroom
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Resumen

Etiopia es un pais muy rico en biodiversidad, pero ésta se encuentra muy amenazada. Muchos productos
forestales no maderables (PFNMs) con un potencial significativo para mejorar los medios de vida rurales
no estan valorados, estan poco aprovechados y/o estan amenazados. Los PFNMs son subestimados y no
estan incluidos en planes y estrategias de manejo forestal de Etiopia. Por otra parte, hay muy pocos
estudios centrados en especies productoras de PFNMs que podrian proporcionar seguridad alimentaria y
generar ingresos a través de su recoleccion, consumo y comercializacion sostenible. Ademas, no existe
una estrategia de conservacion adecuada que evite el agotamiento y la pérdida del habitat natural en el
pais. Por lo tanto, el objetivo de este estudio fue generar informacion sobre el estado socioecondmico, el
potencial de produccion de PFNMs infrautilizados en Etiopia. Se tomaron en consideracion los hongos
silvestres, el fruto del tamarindo (Tamarindus indica) y la resina obtenida de Senegalia senegal. La
informacion socioeconomica sobre hongos silvestres se recopilé mediante la realizacion de entrevistas
semiestructuradas con comunidades de los grupos étnicos Amhara, Agew y Sidama. También se
realizaron investigaciones en campo para conocer el habitat e identificar especies de setas silvestres
utiles. En total, se desarrollaron encuestas en 300 hogares. Para el estudio de la vegetacion de T. indica,
se evaluo el estado de los rodales, las variables dendrométricas y la produccion de frutos de los arboles
que crecen tanto en zonas naturales matorralizadas como en tierras agricolas, en una zona seca del pais.
Para seleccionar los arboles muestreados se aplico el método del cuadrante centrado en un punto.
También se evalud la densidad de arboles por ha y la produccion de frutos. Se utilizaron modelos
predictivos para las estimaciones de la produccion de frutos de Tamarindos. Ademas, se evalud el estado
de una masa forestal dominada por Senegalia senegal y su produccion potencial de goma arabica, en la
Zona Sur de la Region Omo de Etiopia. Se establecieron 45 parcelas de muestreo, cada una de 20 x 20
m, a intervalos de 500 m a lo largo de los transectos, con subparcelas de 1 m? ubicadas dentro de las
parcelas principales para determinar la regeneracion. Se utilizd un modelo lineal para estimar la
produccion de goma arabica en base a distintas variables dendrométricas. El estudio ethnomicoldgico
socioeconomico reveld que la poblacion en Sidama tiene el conocimiento mas extenso sobre el recurso
micoldgico. Se identificaron un total de 24 especies Utiles de hongos silvestres. Los ancestros de los
grupos étnicos Amhara y Agew consumian setas silvestres, aunque actualmente no se consumen, lo que
eventualmente podria representar una pérdida de conocimiento micoldgico. Esta incoherencia entre los

grupos étnicos en términos de su conocimiento y percepcion también puede estar relacionada con la
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valoracion social del recurso micoldgico, que podria mitigarse mediante la sensibilizacién. De manera
similar, el estudio de reconocimiento 0 muestreo de vegetacion de Tamarindo reveld que habia una
diferencia significativa en la densidad de arboles de Tamarindo entre los dos tipos de uso de la tierra (p =
0.01). La produccion media de frutos de los &rboles en las tierras de cultivo fue significativamente mayor
que la obtenida de los arboles que crecia en zonas matorralizadas. Sin embargo, la estructura de edades
de Tamarindo en las tierras de cultivo tiene una estructura insostenible por falta de regeneracion y plantas
en edades jovenes. Se obtuvieron mayores rendimientos de fruta de tamarindo de los arboles que crecen
en tierras agricolas que en los matorrales en el distrito de Dello Menna. La mayoria de los arboles de las
tierras agricolas produjeron <5000 frutas por arbol. La seleccion de germoplasma de tamarindo en sus
areas de distribucion naturales podria mejorar dicha produccion. Por otro lado, el estudio de
reconocimiento 0 muestreo de vegetacion de S. senegal indica que cuarenta y dos especies de arboles
estaban asociadas con esta especie principal, de las cuales 16 especies son productoras de goma y
resina. Senegalia senegal comprendia aproximadamente el 35% de los arboles en regeneracion. La
produccion maxima de goma arabiga obtenida fue de 3,948 g arbol. Los modelos lineales indicaron que
la produccion de goma arabica se predice mejor por el diametro del arbol que por la altura. La informacion
pionera obtenida del estudio socioecondmico podria ser Util para futuras investigaciones y para promover
los beneficios etnomicoldgicos a diferentes grupos étnicos en paises con entornos similares. De manera
similar, los resultados del estudio de vegetacion de arboles de Tamarindo podrian ayudar a identificar
areas que enfrentan desafios similares para la especie debido al cambio de uso de la tierra, asi como para
el desarrollo de planes de manejo que permita conseguir rodales con estructuras diamétricas mas
equilibradas y de ese modo garantizar la continuidad de la poblacién y por tanto la produccion de frutos.
Por otro lado, la informacion recopilada a partir de la investigacion de S. senegal podria ayudar a
salvaguardar la longevidad y la proliferacion de valiosas especies arbdreas productoras de PFNMs en las
zonas bajas de Etiopia, asi como los medios de vida sostenidos por estos recursos, tanto en el area del
estudio como en todo el pais. En general, los resultados de estos estudios también podrian proporcionar
implicaciones de gestion para conservar los recursos forestales en Etiopia mediante la adicion de valor

economico de los PFNMs al tiempo que se mejora el sustento de las comunidades locales.

Palabras claves: Etiopia, productos forestales no madereros, Tamarindus indica, Senegalia senegal,

setas silvestres
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Outline of the thesis

This doctoral thesis consists of three research studies important to promote and conserve the
neglected and underutilized NTFPs in Ethiopia. Thus, in this thesis we used both the socioeconomic,
vegetation and yield inventories in order to evaluate the status of NTFPs and to device proper management
to get their conservation and sustainable use. From the utilization aspects of NTFPs, the first study was
focused on ethnomycological aspects of wild edible mushrooms based on ethnic groups’ factors influencing
the collection, use and consumption, and other perceived status and threats to wild mushrooms in their
vicinity. In this study, valuable wild mushroom species were identified. The perceived value of wild
mushroom was recorded. The consumption of wild mushroom by householders was investigated. The
status of wild mushroom species was evaluated, and the main threats and how these threats vary across
the three ethnic groups were also identified. Thus, the baseline information obtained could be useful for
further investigations and for promoting the ethnomycological knowledge to different ethnic groups in

countries with similar settings.

From the perspective of NTFPs conservation and production, the second study was focused on the
evaluation of the impact of land uses on the stand structure and on the fruit yield of Tamarindus indica trees
growing in bushland- and farmland-use types in the dryland areas of Ethiopia. In this study, the information
related to species composition, densities and stand structure, dendrometric variables that influence
Tamarind fruit production were analyzed. The predictive models were calculated to estimate Tamarind fruit
yield in the study areas. The information generated from this study provides baseline information that can
be used to promote the conservation and sustainable use of Tamarind trees and other valuable wild edible
tree species under different land-use types in Ethiopia. Also, the information generated could assist other

countries with valuable wild trees that are facing similar issues due to land-use change.

From the commercialization aspects of NTFPs, the third study was focused on the evaluation of the
population status and potential gum yield of Senegalia senegal growing in dryland areas of the South Omo
Zone, Ethiopia. In this study, the associated species with S. senegal trees were identified. Also, the current
status S. senegal trees, their gum arabic yield potential estimation and dendrometric variables that affect
gum yield were evaluated. The information gathered in this study could help to safeguard the longevity and
the proliferation of NTFP-producing tree species in lowland areas of the county, as well as the livelihoods

xiii
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supported by these resources, both in the study area and country-wide. In general, the findings from the
three studies that constituted this thesis may support the management, conservation, and utilization of
underutilized non-timber forests products in the county. This could also facilitate the community utilization
and commercialization of the targeted species based on their potentials through adding the value of the
forests. Conceptual map of the study including the three studies is shown below in Figure 1.

Non Timber Forest Products in Ethiopia

4 h h 4

Unvalued Underutilized Threatened
Y
Livelihood deterioration
Deforestation and degradation
4
Perspectives
A
[ \
Improving the use of underutilized NTFPs Conservation c.:-fthreatened
species
; 1 1 !
Utilization Potential and Production Sustainable management
Study | Studies Il and Il Studies Il and Il
v |
Enh food i
nhancetoo s.e curtty Sustainable utilization
and household income
\ )

[

NTFPs

Increase the value of the natural hahitat,

Figure 1: Conceptual map of the thesis including the three studies.
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Introduction

1. Introduction

1.1. Forest resources in Ethiopia

In Ethiopia, the wide array of altitudinal gradients and the varying topographic features have
created quite diverse ecological conditions (Bongers and Tenngkeit, 2010). Also, the country experiences a
very high variation in macro and micro-climatic conditions which have contributed to the formation of
diverse ecosystems inhabited with a great diversity of life forms in flora and fauna. Furthermore, the mean
annual rainfall of the country ranges from 500 to 2800 mm with high variation in temperature >30°C and <
10°C (Demissew and Nordal, 2010). Such varied ecological conditions enabled Ethiopia to inhabit unique

vegetation resources, each with its own characteristic flora and fauna (Tewolde, 1991).

The vegetation resources of Ethiopia are classified into 12 different types based on the altitudinal
gradients in which they occurred (Friis et al., 2010). Of which, six of them could be considered as forests
including the Dry Evergreen Montane forest, Moist Montane forest, Lowland Dry Evergreen forest,
Combretum-Terminalia woodland, Acacia-Commiphora woodland, and Bamboo forests. The flora in each
of these forests is heterogeneous, where 12% of the vascular plants are endemic (Anonymous 1997). The
forest resources and their distribution are briefly presented below (Table 1) (Asefa et al., 2020; Friis, 1992;
Friis et al., 2010; NBSAP 2005, Sebsebe Demissew et al. 2004; Wubet et al., 2003; Gebrehiwot and
Hundera, 2014). The rapid increase of the population in Ethiopia coupled with the ever-increasing demand
for forest products as well as the expansion of land for crops and grazing is among the major causes of the
ongoing deforestation in the natural forest systems of the country (Lemenih and Kassa 2014). The change
in natural forest cover is estimated to be between 150,000 and 200,000 ha year! (Zewdie et al. 2009). A
recent report indicated an average forest loss, which was estimated at 91,000 ha year! (MEFCC 2018).
Thus, the creation of plantations of fast-growing trees has become a major forestry practice, thereby
reducing pressure on natural forest resources (Bekele, 2011; Zewdie et al., 2009). This strategy has led to
a rapid expansion in the number of exotic tree species, and more than 1,000,000 ha of land have been
planted with exotic species in the recent past decades (Bekele, 2011; Tesfaye et al., 2020). Most of these
plantations were established as community forests and have considerable potentials for the sustainable
production of high-value timber and non-timber forest products (NTFPs) (Bekele and Lemenih, 2008),
including wild mushrooms (Dejene et al., 2017a).
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Table 1: Major Forest types in Ethiopia classified based on altitude in which they occur: their distribution

and dominant species.

Forest type Altitude (masl) Distribution Major tree species
Central, South-eastern, Juniperus procera, Afrocarpus falcatus,
Dry evergreen ) .
1,500t0 2,700  Eastern, Northern and Prunus africana, Olea sps., Myrsine
montane forest . . .
Southern highlands africana, Calpurnia aurea
Moist evergreen South-western parts and Pouteria adolfi-friederci, Pouteria
1,500 to 2,600 o
montane forest Southern slopes of the Bale  altissima, Croton macrostachyus
Lowland dry 450 10 600 South-western Baro lowlands  Acalpha neptunica, Alstonia boonei, Celtis
0
evergreen forest of Gambella gomphophylla, Mimulopsis solmsii
Combretum- Acacia spp., Commiphora africana,
o North-western, western and _ .
Terminalia 500 to 1,900 Commiphora myrrha, Boswellia sps.,
South-western _
woodlands Moringa sps.
Acac Southern and central Rift Acacia sp., Balanites aegyptiaca,
cacia-
_ 900 t01,900 Valley, and Eastern and Commiphora sps., Boswellia spp.,
Commiphora .
South-eastern lowland Moringa sps.

Southern and central Rift
Bamboo 2,000 to 4,000 Valley, and Eastern and

South-eastern lowland

Arundinaria alpine and Oxaytenanthera

abyssinica

1.2. Non-timber forest products in Ethiopia and their importance

NTFPs in Ethiopia cover a wide range of products and are most extensively used to supplement
diet and household income, notably during particular seasons in the year, and to help meet medicinal
needs (Teketaye and Limenih, 2005; Eshete et al., 2005). They are largely important for subsistence and
economic buffer in hard times (Dejene et al., 2020). These products also contribute to the improvement of
the livelihoods of rural communities by providing employment opportunities and foreign exchange earnings
of the country (Eshete et al., 2005; Kassa et al., 2009; Shummi, 2009). The significant value and

importance of NTFPs is felt more in dryland areas where few alternatives of resources exist for supporting
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the livelihoods of local communities because of difficult environmental conditions (Teketaye and Limenih,
2005; Eshete et al., 2005). In Ethiopia, non-farm income represents an important element in the livelihoods
of the poor. In several areas, where the population density and depletion of natural resources are high,
agriculture cannot possibly remain the only source of income (Teketaye and Limenih, 2005). Observations
show that, in many areas, crop production is no longer the main source of income for poor rural households
(Resal, 2000). Therefore, it is essential for rural households to look for non-farm activities like productive

exploitation of NTFPs to supplement agricultural production.

NTFPs provide a very good opportunity for sustainable forest management and community
development in the last two decades (Shackleton et al., 2007). There has been increasing recognition of
their contribution to household economies and food security, to some national economies and particularly
to environmental objectives, including the conservation of biological diversity (Arnold and Perez, 2001). The
role of NTFPs to the livelihoods of rural communities is likely to continue as long as the resources are
exploited on a sustainable basis (da Silva Falcao et al., 2021), as they were using these resources for
centuries (Jimoh et al., 2013; Mujawamariya and Karimov 2014). On the other hand, exploitation of NTFPs
for commercial purposes contributes to local economies, hence contributing to community development
(Saha and Sundriyal, 2012). The only drawback to this scenario is that commercialization could also result
in overexploitation and depletion of the resources (Stanley et al., 2012). Therefore, a balance has to be
stricken between resource sustainability and benefits of exploitation of products, particularly for the export

market.

In general, the overall cultural, socio-economic, environmental, ecological and biodiversity
importance of NTFP has been overlooked although NTFPs play a significant role in the daily life and well
being of millions of people in many tropical countries including Ethiopia. Thus, historically, early forestry
work tended to ignore this fact and it was mainly focused on managing forests for the continued supply of
timber (Dejene et al., 2020). In addition, by complementing wood-based management, they offer a basis for
managing forests in a more sustainable way, thereby supporting biodiversity conservation (Friis et al.,
2005; Desalegn and Tadesse, 2004). Increased demand has not led to improved management including
domestication, and a substantial proportion of products are collected from the wild, hence resource
depletion is a major problem (FAO, 2003). Further, Ethiopian has not been able to take advantage of its
wealth of raw material and traditional knowledge and investing on processing—undermining opportunities

for employment and income generation from the NTFPs productions. Although NTFPs play a major role in
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the rural economy of Ethiopia, information on their overall contribution is patchy and incomplete at best,
except for a few species and products of commercial importance (Eshete et al., 2005; FAO, 2003). The lack
of systematic efforts to conserve and manage resources is a major concern and it is in only a few cases

that efforts have been made to cultivate species that yield NTFPs (Kassa et al., 2009).
1.3. Major non-timber forest products in Ethiopia

Ethiopian natural forests and woodlands hold diverse commercially important NTFPs. The most
commercially attractive NTFPs are gum and incense, honey, forest coffee, beeswax, and bamboo
(Desalegn and Tadesse, 2004). There is considerable room to improve and enhance the economic
importance of the NTFPs through improving their production, quality assurance, and value additions. The
production and utilization of the various NTFPs in the country can be enhanced by properly surveying,
mapping, and understanding the resource base and their potentials for commercial utilization. Also, they
can be optimized by improving their utilization through modernization, improving extension services and
introducing production protection standards and commercialization. Finally, the expansion of the resource
base through domestication and development of their value chains by cultivating business association
(producer and traders associations’ e.g. providing credit), supporting value-added processing, and
increasing private sector investment. Four NTFPs are targeted by the country’s National Forest Sector
Development Program (NFSDP): gum and resin, honey and beeswax, and forest coffee (NFSDP 2018).

1.3.1. Gum and resin

Of the total vegetation types of Ethiopia, seven are found in the dry areas of the country. The two
dominant dry forest types in the dryland areas are the Combretum-Terminallia and the Acacia—
Commiphora woodlands. The Combretum-Terminalia woodland and wooded grassland vegetation that is
located in the lowland dry areas occur in large parts of the lowland of northwestern and western parts
(Gondar, Gojam Wellega, Illubabor) and southwestern region (Gamo Gofa, Kefa) of the country. This
Combretum-Terminalia woodland vegetation is often dominated by a combination of Boswellia papyrifera,
Anogeissues leiocarpa, Terminalia brownii, Tamarindus indica, Combretum collinum, Balanites aegyptiaca,
Commiphora africana, Erythrina abyssinica, and Stereospermum kunthianum. The species composition

varies most strongly with altitude, ranging from 500 masl to 1.900 m a.s.l. (Awas et al. 2001, Awas 2007).
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This vegetation provides livelihood diversification, wood, and food security, animal feed, human health
care, and environmental conservation to rural and urban households (Lemenih and Teketay 2003a).

1.3.2. Wild edibles and fungi

Wild edible plants are among the groups of NTFPs that play a prominent role in uplifting the socio-
economy of human beings, particularly in tribal and rural areas for thousands of years (Maikhuri et al. 2004;
Dhayani et al. 2007). In Ethiopia, there are about 370 indigenous edible plants (belonging to 70 different
families) out of which 182 species (40 families) are shrubs/trees with edible fruits/seeds. Of these, 203 wild
and semi-wild plant species are documented (Asfaw and Tadesse 2001). Edible plants of Ethiopia are
estimated to be about 8% of the higher plant species, where about 25% of these are cultivated as food
crops and the remaining categorized as wild, semi-wild, or naturalized (Asfaw and Tadesse 2001). While,
other literature identified, reviewed, and documented more than 90 tree species as wild food tree species in
Ethiopia (Teketay and Eshete 2004). The major wild edible plants in Ethiopia include Adansonia digitata,
Annona senegalensis, Balanites aegyptiaca, Berchemia discolor, Carissa spinarum, Clausena anisata,
Cordia africana, Dovyalis abyssinica, Ficus sur, Ficus vasta, Flacourtia indica, Grewia ferruginea,
Mimusops kummel, Phoenix reclinata, Protea gaguedi, Rhus vulgaris, Rosa abyssinica, Rubus apetalus,
Syzygium guineense, Syzygium guineense, Tamarindus indica, Ximenia americana, Ziziphus spina-christi,
and Zizyphus mucronata (Balemie and Kibebew, 2006; Addis, 2009; Teklehaymanot and Giday, 2010;
Fantahun and Hager, 2010; Teketay and Eshete 2004, Teketay et al., 2010, Lulekal et al., 2011).

Apart from the trees and shrubs, important edible fungi (N> 20) were reported from forests in
Ethiopia (Dejene et al., 2017a). In various cultures, wild edible plants can serve as an important source of
food (Boa 2004), medicine (Ferreira et al., 2010), enzymes, and various industrial compounds (Gryzenhout
et al., 2010). They also serve as important components of food and recipes for traditional foods and recipes
(Marconi et al., 2018; Durazzo et al., 2017). Nutritionally, wild edible plants including mushroom and wild
fruits are an important source of proteins, vitamins, fats, carbohydrates, amino acids, and minerals (Bano et
al., 1993; Mattila et al., 2001), i.e., they are also good alternative or substitute for animal protein (Mattila et
al., 2001; Kakon et al., 2012; Dejene et al., 2020). Furthermore, economically, some valuable edible
species are important because their fruit, vegetable, oil, etc., has a wide range of domestic and industrial
uses (Gunasena, H.P.; Hughes 2000). For example, in Ethiopia, the fruit of Tamarindus species is used for
food and medicinal purposes by local communities (Girmay 2020). In addition, rural people sell Tamarind
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fruit in local markets to generate income to supplement the household economy in lowland areas of the
country (Mengistu and Hager 2008). Similarly, in the highland part of the country, different edible fruit trees
such as Syzygium guineense (Willd.) DC, is also available in the market by the local community to generate
income to supplement their household economy (Mengistu and Hager 2008).

1.4. The need for the study

In Ethiopia, mushrooms are wild edible resources, particularly in the Southern and Southwestern
parts of the country (Asfaw and Tadesse 2001; Dejene et al., 2017b; Lulekal et al., 2011). Despite poor
scientific knowledge, wild mushroom utilization is a common traditional practice among different ethnic
groups in Ethiopia (Semwal et al., 2014, Tuno 2001). Mushrooms, along with other wild edible resources,
are used as a coping food during periods of food shortage in localities where they are used as food (Dejene
et al., 2017b, Awas et al., 2010). In some local markets, mushrooms are sold by local people to provide
some income to supplement the household economy (Abate 2014). However, there are few
ethnomycological reports and the available reports are also scanty and contain only basic information about
the existence and use of mushrooms at some community levels in the country (Tuno 2001, Abate 2014,
Muleta et al., 2013). However, due to a continuing exodus of people from the countryside, local
communities are gradually losing an important part of their traditional knowledge, particularly the
ethnomycological aspects of mushrooms (Dejene et al., 2020; Harkonen et al., 2015; Kamalebo et al.,
2018). Thus, there is a genuine need to record and document local traditional knowledge and perceptions
about useful wild mushrooms in the country. Furthermore, due to their economic value, efforts are needed
to integrate wild mushroom species as mainstream NTFPs in Ethiopia to ensure their conservation and
enhance their value as a source of nutrition to improve human welfare. Thus, assessing the various uses of
wild mushrooms by local people is a key to the better valorization of services provided by wild useful fungi
(Beza 2017). This would also enable us to better elaborate participative management and conservation

plans for the forest resources in the country.

Despite the benefits that can be derived from the management and proper conservation of wild
edible fruit trees, the progressive forest land-use change, particularly the conversion of forest lands to
agricultural fields of crops in dryland areas of Ethiopia, has imposed pressure on them (Dejene et al., 2020;
Girmay et al., 2020). This land-use change has had a serious impact on the wild edible trees particularly on
the Tamarind tree population because the tree species depend on natural regeneration (Lulekal et al.,
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2011). Furthermore, the available information generally lacks adequate quantitative analysis for the
development of economic opportunities based on local resources such as Tamarind trees as an alternative
to the excessive import of exotic products (Fandohan et al., 2011). Although some studies have been
undertaken to investigate the fruit, morphological characteristics, and use of Tamarind in different localities
in Ethiopia (Girmay et al., 2020; Lulekal et al., 2011), the species is still inadequately characterized. Thus,
studying how land use influences the population structure of Tamarind trees might help us to develop
effective conservation strategies in accordance with the needs of the local population. In particular, a better
understanding of Tamarind dimensional structure could be used as the basis for strong management
decisions if this is combined with information about the species spatial distribution (Sundriyal and Sundriyal
2001), patterns of use, and harvesting (Paul et al., 2019; Duchok et al., 2005). Furthermore, given the
contribution of Tamarind fruit to the livelihoods of rural people in Ethiopia, an evaluation of potential yields
and important tree parameters that influence fruit production are imperative to enable further improvement

and management of this tree.

On the other hand, dry forests can produce a range of NTFPs, even to a certain extent in
combination with forest-compatible uses such as livestock grazing (Dejene et al., 2013). Thus, managing of
the dry forests is currently considered critical for their continued viability as a source of crucial resources in
dryland areas of Ethiopia. Based on these considerations, the National Forests Sector Development
Program of Ethiopia (NFSDPE) has devised a strategy to conserve and develop the country’s forest
resources, with the aim of increasing the proportion of Ethiopia covered by forest from 15% to 20% by 2028
(MEFCC 2018). This strategy also aims to enhance the production and utilization of various NTFPs, such
as gum and resin, by undertaking surveying, mapping, and investigations of the resource base and
assessing their potential for commercial utilization in dryland areas (MEFCC 2018). Thus, to conserve,
manage and use the existing Senegalese senegal stands in the South Omo Zone, it is crucial to
understand the current population structure, density, and natural regeneration of this species. Furthermore,
the conservation and sustained management of S. senegal stands appears to depend largely on the
benefits that rural households receive from this species. Thus, an estimation of gum arabic yield potential
and an understanding of important factors that influence gum production is imperative. Such information
could be used to devise management strategies (Sundriyal and Sundriyal 2004) and subsequently provide
adequate information for setting appropriate harvest levels based on the status of the species (Duchok and
Kent 2005; Paul et al., 2019). In general, the information gathered in this research could help to safeguard
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the longevity and the proliferation of valuable NTFP-producing tree species and their products in the
country, as well as the livelihoods supported by these resources, both in the study area and country-wide.

1.5. Scope of the study

This thesis work is a systematic attempt focused on describing the ethnomycological aspects of
three ethnic groups from two geographical regions and on evaluating major NTFPs from the dryland areas
of Ethiopia. The field studies were based upon socioeconomic, vegetation and production inventories.
Thus, we analyzed fruit and gum arabic yield from Tamarindus indica and Senegalia senegal trees
respectively, to describe their potential production. The yield evaluation needs to be further completed with
a more years sampling to describe the production aspects in detail, and even including an analysis of other
complementary factors affecting the production. However, our pioneering reached findings are an indicator
for the high potential yields and their significant contribution to the rural communities. The information
generated can also serve as a basic document for further ethnomycological studies and NTFPs yields in
the dryland region of the country. The obtained results of this doctoral thesis provide baseline information in
broadening the sustainable management and conservation objectives for underutilized NTFPs use from the
dryland forests of the country.










Objectives

2. Objectives of the thesis

2.1. General objective

The overall aim of this thesis was to generate baseline information to enhance the conservation,
promotion and sustainable utilization of the underutilized and threatened NTFPs in Ethiopia, taking into
account local communities as the main actors. Thus, this general goal was assessed through the following

specific objectives.

2.2. Specific objectives

= To assess and document ethnomycological knowledge related to wild mushroom species

of three ethnic groups from three different geographical areas in Ethiopia.

= To assess the population patterns and dendrometric characteristics of Tamarindus indica
trees growing on farmland- and bushland-use types in the lowland parts of Ethiopia.

= To evaluate the stand status and potential yield of gum arabic from Senegalia senegal and
to understand important factors that influence the gum production from this species in

Ethiopia.
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Material and methods

3. Material and methods

3.1. Description of the study area

The study consisted of two parts including the vegetation survey and socioeconomic study. The
vegetation survey was conducted in Bena Tsemay and Dello Mena Districts for the Senegalia senegal and
Tamarinuds indica respectively. On the other hand, the socio-economic survey was conducted in Wondo

Genet, Banja, and Fogera Districts in Sidama and Amhara regional states respectively (Figure 2).
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Figure 2: Map of Ethiopia showing the location of the study districts.
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The socio-economic survey was conducted in the Amhara and the Southern Nations, Nationalities,
and Peoples’ Region (SNNPR) of Ethiopia where more than half of the ethnic groups of Ethiopia reside and
from which three ethnic groups were selected: namely, the Amhara in the Fogera District, the Agew in the
Banja District and the Sidama in the Wondo Genet District (Figure 2). These three ethnic groups had been
identified in this study with the assumption that they are having good knowledge of the identification,
variability, and use of locally available NTFPs. The Amhara and Agew ethnic groups occupy the center of
the northern highlands of the Amhara region. They live in the same agroecological zone and share the
same cultures and languages. They both are sedentary farmers who practice mixed agriculture, including
crop production and livestock rearing. The crop varieties grown locally in these Districts include teff,
sorghum, maize, finger millet, and beans. Similarly, the Sidama ethnic group is one of the largest ethnic
groups in the southern highlands. The population density in Wondo Genet is higher than that of Fogera or
Banja, with about seven inhabitants per km2. The majority of the Sidama practice mixed agriculture,
integrating cash crops, such as khat (Catha edulis) sugar cane, and Ensete, with livestock production,
including fishing from the nearby lake. On the other hand, the three ethnic groups from the Amhara Region
occupy the center of the northern highlands of the Amhara region. They live in the same agroecological
zone and share the same cultures and languages. They both are sedentary farmers who practice mixed
agriculture, including crop production and livestock rearing. The crop varieties grown locally in these

Districts include teff, sorghum, maize, finger millet.

Figure 3: Field data collection in the study area: a socioeconomic survey (A) and Vegetation survey (B).
(Photo credit: Wubalem 2020).
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The vegetation survey was conducted in Bena Tsemay and Dello Menna District (Figure 2). The
Bena Tsemay district is found in the South Omo administrative zone of the SNNPR. The district is located
between 5.11°- 5.70°N and 36.20°- 37.04°E (Assefa and Abebe 2010), with average temperatures
ranging from 10.1 °C to 27.5 °C and a mean annual rainfall ranging from 400 to 1600 mm. The study area
is characterized by bimodal rainfall: the first rainy season occurs from mid-March to the end of April, which
is important for crop production; a second short rainy season occurs from mid-October to the beginning of
November, which is important for pasture production. The study area is 500 —1500 m above sea level
(masl) (Assefa and Abebe 2010). The dominant vegetation types are mixed, the Combretum-Terminalia,
and Acacia-Commiphora woodlands, which are used as rangelands and common property resources of
the whole community (Soromessa et al., 2004). On the other hand, Dello Menna district (between 5°53'N
and 6°27'N and between 39°15'E and 40°38'E) found in the Bale zone of Oromia regional state,
Southeastern Ethiopia. Dello Menna is 800 to 2000 m a.s.| and characterized by bimodal rainfall. The main
rainy season occurs from early March until the end of June, followed by a shorter rainy season from late
September until the end of November. The mean annual rainfall is 986 mm, and the mean annual
temperature is 22.3 °C. Dello Menna has a plain topography with a few areas of rugged and mountainous
terrain. Nitisol is the dominant soil type in this area (Ermias et al., 2008), ranging from a reddish-brown clay
toward the higher altitudes and tending to form a reddish-orange sandy soil toward the lower altitudes.
Rocky outcrops are prevalent along streams and steeply sloping hills. The inhabitants of the area practice a
mixed farming system involving livestock and subsistence agriculture, which is the main livelihood of the
rural community (Senbeta 2006). Coffee, bananas, and papayas are the main perennial cash crops. Teff,

sorghum, and maize are the main annual crops cultivated by farmers.

3.2. Data collection

3.2.1. Ethnomycological study

This ethnomycology study presents three case studies as a type of socioeconomic research, each
with various forms of socioeconomic data which were collected between January and August 2019. The
data were collected from the primary data sources that involved the key informant interviews, focus group
discussions, and household interview methods. To select key informants, a snowball method was used in
which one key informant was contacted with the assistance of local administrators and community elders.
Focus group discussions assessed the perception of 300 households on wild mushrooms, their knowledge
of ecological niches and phenology/calendar use, as well as their opinion regarding resource degradation.
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Household interviews were conducted using a face-to-face semi-structured questionnaire interview.
Information regarding the gathering, preparation, status/abundance, etc. of wild mushroom species and
their marketability was also collected. The collected information was qualitatively interpreted and narrated
in the Results and Discussion. Details of the methods used followed Mekonnen et al. (2018) and are
described in study one.

3.2.2. Vegetation status study

Woody vegetation characteristics, such as species composition, density, and size structure of the
Tamarindus indica, were measured by placing transects across the two major land-use types in the study
district, namely farmland and bushlands in 2019. For this purpose, we used the point-centered quarter
(PCQ) method, a “plot-less” sampling technique, at points along transects across the sampled areas (Kevin
2015). The transect direction was determined randomly by selecting a bearing from the center of each land-
use system, with another transect perpendicular to the first transect (i.e. two cross-cutting transects at 90
degrees). A series of points 100 m apart were systematically located along each transect. A total of 25 and
29 sampling points were used for farmland and bushland-use types, respectively. At every sampling point,
four quadrants (90 degrees) were created using the transect line and a line perpendicular to it. The
measurement and recording of species in each quadrant were carried out in two stages. Firstly, the T.
indica that was closest to the sampling point in each of the four quadrants was selected (all sizes were
sampled, i.e., seedlings, and mature trees) and then its distance from the central point was recorded. Tree
diameters above the basal swell were also measured. Secondly, any woody plant species closest to the
sampling point within each of the four quadrants were selected, and the distance from the central point and
the tree diameter was recorded.

For Senegalia senegal, the vegetation data were collected in sample quadrants placed along
transect lines, which were laid out systematically (Didita et al., 2010). A total of 45 plots, 20 x 20 m in area,
were laid out along 10 transect lines based on the concept of minimal area (Kent 1992). Plots were laid
out every 500 m along transect lines, which were laid 400 m apart. All woody plant species, including trees
and shrubs, were recorded in the 20 m x 20 m quadrants, whereas seedlings were counted in 1 m x 1 m
subplots that were subjectively placed within the main plots (Wale et al., 2012; Dejene et al., 2014). All
plant species were counted at an individual level within each main plot and subplot. Height and diameter at
breast height (DBH) measurements were recorded for any woody plant species with a height=1.5mand a
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DBH = 2 c¢m. Individual plants with a height < 1.5 m and a DBH < 2 cm were counted (Eshete and Teketay,
2005). Height and DBH measurements were obtained using a clinometer and a diameter tape, respectively.
Plants < 1.5 m in height were measured using calibrated sticks (Eshete and Teketay, 2005).

In both cases, every plant species encountered in each plot was recorded using their scientific
name. Vernacular names were also recorded whenever possible. For those species that were difficult to
identify in the field, plant specimens were collected, pressed, and then taken to the Ethiopian Environment
and Forestry Research Institute for taxonomic identification. Published volumes of the Flora of Ethiopia and

Eritrea (Hedberg and Edwards 1989; Teketay and Granstrom 1995) were used to identify plant specimens.
3.2.3. Yield estimation study

The productivity of each Tamarind tree in terms of fruit yield was measured using the harvesting
method described by Sundriyal and Sundriyal (2004). In total, 27 individual fruit-producing Tamarind trees
in each land-use type were randomly selected (Cunningham 2001). The total number of branches and the
number of fruit-bearing branches were also recorded during the fruit-harvesting period, as described by
Cunningham (Cunningham 2001). To obtain an accurate record of the number of fruits produced per tree,
Tamarind fruit were counted when fully matured (Agwu et al., 2020) (i.e., when pods had turned from green
to brown) but before the fruit had fallen or been eaten by wild animals. The number of fruits on each
terminal branch was determined by either standing on the ground to count fruit hanging down below the
canopy, or by climbing the tree to count those in the canopy, or by using a ladder to count those at the top
of the crown. Fruit numbers and their weight were recorded for each terminal branch separately and
summed for each branch and then the total for each tree was obtained by summation. In addition, tree
dendrometric variables such as height, diameter at breast height (DBH), crown diameter, and the number
of branches were recorded (Miller and Dietz 2004). Crown surface area, crown volume, and crown depth
were estimated using the measurements obtained for the other dendrometric variables. The DBH was
measured using a diameter tape and total height was measured using a Suunto Clinometer. The crown
diameter was measured using a cross-method, where the length of the longest spread from edge to edge
across the crown and the longest spread perpendicular to the first cross-section through the central mass
of the crown were measured. The crown diameter is the average of these two lengths. The number of
branches on each tree was also counted in the field.
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Gum production from S. senegal was evaluated on a per tree basis using the harvesting method
(Alemu et al., 2013; Saha and Sundriyal 2010). Thirty-six individual S. senegal gum-producing trees
growing in the study area were randomly selected. The selected trees had an almost uniform diameter.
They were tagged and tapped with a “sunki” axe to yield strips of relatively similar depth, width, and length.
The gum was harvested from each tree in January and February. The gum yield from each harvest was
collected in a separate labeled paper bag and weighed using a high-precision balance after drying at room

temperature. The total yield data for each tree was obtained by summation.

3.3. Data analysis

3.3.1. Ethnomycological study

Descriptive statistics were used to present the basic information obtained from the questionnaires.
All analyses were conducted based on the number of responses from the informants. A final list of edible
wild mushroom species used by respondents was compiled from the questionnaires and field collection
data. All fungi were identified at the genus and species level whenever possible with the aid of several keys
(Antonin 2007; Hama et al., 2010; Heinemann 1996; Morris 1969; Rammeloo and Walleyn 1993; Ryvarden
et al., 1994; Singer and Marasmius 1965). A Kruskal-Wallis test was performed to identify the major
causes of wild mushroom degradation. Data were analyzed using STATISTICA '08 edition software
(StatSoft Inc., 1984-2008, Maastricht, the Netherlands). There are many theoretical perspectives regarding
food choice decisions, but each offers partial insights and makes limiting assumptions (Gujarati 1992). We
used a food choice model that was developed based on constructionist social definition perspectives to
examine the broadest scope of factors relevant to how individuals constructed their food choices. The
model included components of the life course, personal food systems, and influences (Table 2 of study

one).
3.3.2. Vegetation and yield studies

To assess the impact of land use on the Tamarind tree species, we compared variables relating to
population structure, dendrometric characteristics, and fruit yield. Differences between the farmland and
bushland use types for the different variables were evaluated using a one-way analysis of variance
(ANOVA). The relationship between fruit yield and individual tree attributes was determined through the
multinomial classification model approach. The models were fitted to the responses to predict the
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probabilities of the different possible outcomes of fruit yield categories (Umafia-Hermosilla et al., 2020).

Data were analyzed using Statistical Package for Social Sciences (SPSS) version 23.

The population structure of Tamarind trees in both land-use types was assessed by assessing size
class diameters using tree density data collected from PCQ (Kevin 2015; Beasom and Haucke 1995). Five
diameter classes were used in this assessment: seedlings (recently regenerated), 1 to 10 cm; 11 to 20 cm;
21 to 30 cm; and >30 cm. The crown depth is a parameter used to calculate the crown volume and surface
area of individual trees by subtracting the height to the lower side of the crown from tree height. The detail
in the determination of total distances between trees and sampling points; the average distance of the
sampled tree from the point; the formulas to determine the absolute and of all tree species (trees per ha)

and relative density Tamarind could be found in the study two.

Figure 4: Tamarindus indica tree and its fruits in farmlands of the study area.

The population structure of S. senegal was shown using frequency histograms to depict the
diameter classes and the number of seedlings (Eshete and Teketay 2005). All individuals of each species
encountered in the quadrants were grouped based on their diameter into 5-cm diameter classes (Tilahun
2015; Ogbazghi et al., 2006). Frequency was determined based on the number of plots in which the
species was recorded (Coughenour et al., 2015). Density was calculated based on the number of
individuals of each species per unit of area (Eshete and Teketay 2005). Gum yield (kg per hectare and
year) was calculated by multiplying the mean stem density per plot with the mean yield from previous
studies (Dejene et al., 2014; Ogbazghi et al., 2006). The relationship between gum yield of S. senegal and
individual tree attributes was determined through linear regression, where the power of regression
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equations was seen by their R-values. Coefficients of each equation were used to estimate the gum yield of
individual trees. Data were analyzed using R software (Team 2020) the detail is in study three.

Figure 5: Senegalia senegal tree and its exude of the gum arabic.
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Results

4. Results
4.1. Ethnomycological study

The ethnomycological survey of the three ethnic groups indicated that about 24 fungal species are
known to be edible in the study areas. These edible mushrooms were well recognized by the local people
when shown photographic images of these species. The families with the greatest numbers of edible
species identified were the Agaricaceae and Psathyrellaceae. These two families represented 66.67% of
the identified edible wild mushroom species in the study forests, whereas the remaining 33.33% of families
were represented by only a single species. The Amhara and Agew ethnic group appeared to have limited
ethnotaxa knowledge of the wild mushroom species, while the Sidama ethnic group was found to be
mycophiles and to have a well-developed ethnotaxa for wild mushrooms. Some of the names given by the
Sidama groups are associated with attributes of the mushroom species. For example, ‘Meine’ is a name
given to a highly valued species that are good to eat due to its taste but scarce due to high levels of

collection.

Six different habitat types were distinguished by respondents for mushroom collection. However,
the home garden and swampy areas are far less relevant for the Amhara and Agew ethnic groups than
other habitats. Compared with Sidama respondents, a significantly greater proportion of respondents
belonging to the Amhara and Agew ethnic groups considered the natural forest to be the main mushroom
habitat. By contrast, a significantly greater proportion of Sidama respondents considered grazing areas to
be a mushroom habitat compared with the Amhara and Agew respondents. However, the proportion of
Sidama and Agew respondents that considered plantations and agricultural lands to be habitats for wild

mushroom species was not significantly different.

The household interview revealed that the Sidama ethnic group collects wild mushroom species for
food (93%) and medicinal (7%) purposes. About 63% of the respondents indicated that they usually collect
wild mushrooms, 25% indicated that they occasionally collect wild mushroom species, and 12% did not
collect mushrooms. The Sidama collect fungal species that have different nutritional modes. Saprotrophic
fungi are preferred as food (90%) compared with other fungal types whereas Ganoderma, Calvatia, and
Lycoperdon are the three most commonly gathered genera for medicinal purposes. When dried, the spores

of these mushroom species can be spread on the skin to heal wounds and skin disease. In all three ethnic
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group cases, wild mushroom species develop and are collected during the short (peak in March) and long
(peak in July) rainy seasons, suggesting the importance of rainfall patterns in fungal phenology.

4.2. Vegetation status and yield studies

A total of 16 woody tree species belonging to nine families and 12 genera were recorded in
association with Tamarindus indica in Dello Menna district (Table 1 of study two). In addition to T. indica,
Dobera glabra was also identified on farmland as an edible fruit tree that was utilized by local communities
in the study area. Analysis of the T. indica population revealed that a significantly greater number of mature
Tamarind trees were recorded in bushland than on farmland (F = 10.59, p = 0.01; Figure 2B; Table 1 of
study two). However, a significantly greater number of Tamarind trees with a DBH of >30 cm (F = 1.69, p =
0.046) and more regeneration (F = 7.21, p = 0.021) was observed on farmland than in bushland. The
average DBH of trees on farmland was 58.78 + 23.71 cm and seedling density was 15.81 + 2.04 seedlings
per ha (Figure 2B of study two). However, no Tamarind trees in the 1-10 cm, 11-20 cm, and 21-30 cm
diameter classes were recorded on farmland (Figure 2B of study two). There was no significant difference
in Tamarind tree height (p > 0.05) between the two land-use types. The total population status of T. indica
trees for the two land-use types is shown in Figure 2B of Study two. Similarly, there was a significant
difference in Tamarind fruit yield and dendrometric variables between the two land-use types (Table 2 of
study two). Estimated variables such as the number of fruits, fruit yield per tree, DBH, and crown diameter
of Tamarind were significantly higher for trees on farmland than in bushland (p < 0.05) (Table 2 of study
two). A greater number of fruits were obtained from trees on farmland than in bushland, with a mean value
of 4343 on farmland, ranging from 1485 to 8569 fruit per Tamarind tree, and an estimated mean annual
yield of 537.05 kg. The mean number of fruits from trees in bushland was 2537, ranging from 1500 to 3500
fruit per tree. The individual fruits” weight did not show significant differences (p > 0.05) between the two
land-use types (Table 2 of study two). When correlating variables with Tamarind fruit yield, we found strong
correlations between fruit yield and variables such as the number of fruit (0.94) and the number of branches
(0.54) (p < 0.01; Figure 3A of study two) for trees growing in bushland. Furthermore, predictive models
were selected for Tamarind fruit yield estimations in both land-use types. The parameters from each group
such as tree size, crown dimensions, and tree branches were tested in different combinations to identify the
best model that potentially included one tree parameter from each group and the detailed result of the

model is provided in Table 4 of study two.
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Thirty-two tree species belonging to 26 genera and 13 families were recorded in woodland in the
study area (Table 1 of study three). S. senegal had the fourth-highest tree density (41 individual stems
ha1), accounting for 7% of stems. Sixteen tree species, including seven species of Commiphora, were
identified as sources of commercial gum and resin-producing trees. The total population of S. senegal and
of all the trees recorded is shown in Figure 2A of study three. A comparison of diameter classes of the
three most common gum- and resin-producing tree species shows that there was a significantly greater
number of B. neglecta trees in the 2-7 cm diameter class than of S. Senegal (p < 0.0001) or C. africana (p
= 0.009). In diameter classes with a DBH > 12 cm, the number of trees of each species did not differ
significantly (p > 0.05). Among the five gum- and resin-producing tree species showing natural
regeneration, S. senegal seedlings were the most abundant (35.15% of seedlings), followed by Grewia
bicolor (22.65%) and Commiphora edulis (18.75%). Together, these two species accounted for

approximately 75% of the natural regeneration of gum-and-resin-producing trees (study three).

The mean gum yield per tree for the harvests in January and February differed significantly (F =
12.62; p = 0.001), with a higher yield obtained in January. The mean stem density of S. senegal trees with
a diameter of more than 2 cm was 41 stems hal. Based on these findings, we estimate that a mean gum
arabic yield of approximately 190 to 84,578 g ha! year could be expected from two harvest seasons. A
linear model of the dendrometric variables indicated that gum arabic yield per S. senegal tree could be
predicted by diameter (p < 0.05) rather than by height. Regressing gum vyield against the diameter and
height yielded the equations in Figure 5 of Study three. The R2 value of the diameter indicated that the

model fits the data well.
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5. Discussion

5.1. Ethnomycological study

In this ethnomycological study, we included two regions with different ethnic compositions. In our
study, the surveys revealed that the Sidama ethnic group are mycophiles and have a more extensive folk
taxonomy for mushrooms than other ethnic groups (Bao 2004; Tibuhwa 2012; Ekandjo and
Chimwamurombe 2012). In addition to their use as food, Lycoperdon perlatum, and Calvatia rubroflava
were reported to be the most useful and important medicinal wild mushroom species because they play a
key role in treating wounds and skin disease. Laetiporus sulphureus has also been reported as a common
traditional medicine for lessening pain during childbirth in the Kaffa areas in the southern part of Ethiopia
(Abate et al., 2014). Other studies have also reported that these mushrooms are used in traditional
medicine to treat stress, pain, measles, and lung diseases (Kadhila-Muandingi 2010; Sun et al., 2006;
Adhikari et al., 2005). The Amhara and the Agew have limited ethnomycological knowledge and do not eat
mushrooms even though their parents or grandparents have consumed wild mushroom species in the past.
The non-consumption of mushrooms will eventually represent a loss of mycological knowledge in these
ethnic groups (Kamalebo et al., 2018). Only two of the species common to their locality have been
assigned a folk taxonomy by these ethnic groups (Table 3 of study one) while the common name of the
majority of wild mushroom species was reported to be Enguday or Yejibtila. Therefore, rigorous work is
needed in Banja and Fogera to develop a folk taxonomy (Dejene et al., 20173, c). However, this study did
provide us with an opportunity to understand how different ethnic groups in Ethiopia use their
ethnomycological knowledge.

In this study, communities, particularly the Sidama, are able to distinguish between wild mushroom
species using their own traditional protocols. Broadly, they used morphological characters, smell, and
habitat to identify edible mushrooms. These criteria are in line with (Dejene et al., 2017a; Tuno 2010). The
oldest accounts of this practice among tribes in developing countries have been putatively reflected by
different authors (Borah et al., 2018; Kinge et al., 2017; Ongoche and Otieno 2017). Besides these criteria,
in rural areas of Ethiopia, the local people also use the presence or absence of a strong bad smell (Tuno
2010) to determine the edibility of mushrooms. Thus, it could be assumed that such traditional protocols are
the product of ancient experimentations and possibly opportunistic discoveries by the indigenous people
despite the confounded genealogy of their cultural uses (Ekandjo and Chimwamurombe 2012).
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Common areas identified for the wild mushroom collection were natural forests, farmlands, grazing
lands, home gardens, and swampy areas. Most of these ecological niches are quite similar to those
reported by (Abate et al., 2014; Muleta and Woyessa 2013) in the south and southwestern parts of the
country. Respondents also revealed that all mushrooms are collected during the rainy season (June to
September) and used especially during food shortage periods. However, Dejene et al. (2017a) reported
that the collection of some species, such as Laetiporus sp., could occur during the dry season (Tuno 2001,
Muleta and Woyessa 2013). If communities are trained well, this culture of collecting wild mushroom
species could be expanded to shift from subsistence use to income-generating small-scale business

speculations through their commodification.

We have got determinant variables on wild mushroom consumption by the local communities in the
three study districts, implying that any of the significant variables have a positive effect on wild mushroom
use by the local people. For example, “taste experience” has a positive effect on wild mushroom use in the
study area. This implies that those individuals who have tasted a wild mushroom species have a better
awareness of its use than those that have not tasted the species. This experience helps to understand the
local livelihood context, the sources and nature of risks, and the coping behavior of communities. This
supports the findings of Lemenih et al. (2004) who indicated that household experience is a commonly
applied strategy for coping with shocks and is instrumental in poverty reduction. Thus, a local communities’
experience of tasting a mushroom has implications for poverty reduction through emphasizing locally
available sources of the mushroom, enabling rural households to diversify their food sources. The same
applied to the other positive coefficient variables, implying that a unit addition to any one of them will have a

positive implication for wild mushroom consumption.

We evaluated different threats that affect wild mushroom species based on the perceived causes
for degradation. Many of the threats related to habitat degradation are affecting wild mushroom species in
Ethiopia in general. Free grazing and agricultural land expansion were considered to be the main threats in
this study. This might be because rapidly growing human and livestock populations are driving an ever-
increasing demand for crop and grazing land, which is aggravating the degradation of habitats in Ethiopia
(Lulekal et al., 2011; Giday et al., 2009; Lemenih and Kassa 2014). Such anthropogenic pressures are
likely to also have an impact on useful known and unknown wild mushroom species, some of which could
face extinction (Lemenih and Kassa 2014). Moreover, this loss also limits the benefits that can be obtained

from wild mushroom components of forest resources as well as the ethnomycological knowledge of
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different ethnic groups associated with mushroom use. Thus, the sustainable management of Ethiopian
forest systems is mandatory in order to play major roles in the conservation and development of wild edible
and medicinal mushrooms that cannot be economically cultivated, require very specific habitats, and are
exceptionally difficult to reproduce in nurseries or laboratories. Furthermore, the importance of fungal
resources has recently been brought to the forefront due to their ecological and economic importance.
There have been many efforts to record their diversity at local and regional scales. Thus, product
diversification is a fundamental strategy to integrate a model of sustainable forest exploitation and reverse
the degradation of wild mushroom species through promoting ecosystem services such as biodiversity

conservation.
5.2. Vegetation status and yield studies

To sustainably use and conserve the forest, we need to identify the potential species present and
analyze their stand status and production potential, including harvesting level (Saha and Sundriyal, 2012).
In the second study, the vegetation survey revealed that a total of 16 woody tree species were associated
with the two land-use types studied. Fabaceae was the most dominant family, which is similar to the
findings of other studies in the same area (Getachew et al., 2008; Didita et al., 2010). This may imply that
the environmental conditions in this area are more favorable for species belonging to this family than to
other families (Didita et al., 2010). The analysis also confirmed that land use impacts woody vegetation,
particularly the distribution of Tamarindus indica in the study area. The density of Tamarind trees was much
higher in bushland than in farmland. However, large trees were predominantly growing on farmland, which
supports previous findings by Djossa et al. (2008), who reported that trees growing on farmland were
significantly larger but lower in density than in bushland. This might be because agricultural areas are still
farmed in fairly traditional ways and, thus, the overall tree density is low because of regular cropping
(Chivaura-Mususa et al., 2000). However, the condition of these old trees will likely have long-term
consequences for the continuity of trees on farmlands, specifically Tamarind trees, and in the long run, may
even lead to population collapse. Thus, the establishment of management plans to create stands that have
a more balanced age structure and, thereby, ensure the continuity of the Tamarind population on farmland,

is necessary for this study area.

Dobera glabra was found in association with T. indica on farmlands in the study area. We observed
that farmers deliberately retain vital edible fruit trees on their farmlands.  Fruit trees found on farmland in
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the study area might provide ecological, social, and cultural services (Manning et al., 2006; Gruenewald et
al., 2007; Garbach et al., 2012). Such trees could play a vital role in food security because their fruit is
generally collected for subsistence use by local communities (Lulekal et al., 2011; Agundez et al., 2016;
Faye et al., 2011). They have also considerable importance in local and national economies. In spite of
these, local consumption and commercialization on a small scale (Diallo et al., 2008).

In this study, the productivity of T. indica significantly varied between the two land-use types, with
higher levels of productivity recorded for trees growing on farmland than in bushland. Although fruit yield
varies seasonally, the number of fresh fruit and the yield per Tamarind tree on farmland was 42% and 64%
higher, respectively, than that in bushland. Although the seasonal variation of the yield is usually related to
the environmental conditions, the effect may vary with plant species (Fandohan et al., 2011). These results
are consistent with the findings of other studies that wild edible trees on farms produce more fruit than
unmanaged trees in woodlands (Okia et al., 2011; Shackleton and Shackleton 2006). Such significant
differences in fruit yield under different land-use types might be attributable to differences in environmental
variables, the level of tree management on farmland as well as the productivity of trees in terms of fruit
weight and size (Anegbeh et al., 2003; Fandohan et al., 2011). Thus, in this study, the higher fruit yields
from farmland compared with bushland implies that Tamarind trees could benefit from improved
management on farms such as hoeing, weeding, and reduced competition with other trees (Kimondo et al.,
2011). However, although Tamarind trees may tend to produce a large number of high-weight fruit under
farmland conditions, the majority of the sampled trees produced between 2000 and 5000 fruit per tree. This
may indicate that T. indica trees growing on farmland have undergone intentional selection owing to local
communities removing less-productive trees from farms, suggesting that fruit yields could be further

improved through deliberate selection of superior yielding trees from farmland types in the study area.

In order to increase the practical usefulness of the model and to avoid large errors in the estimation
of Tamarind fruit yield, models with one dendrometric parameter predictor from each group were chosen. In
this regard, the models holding the combination of DBH, crown diameter, crown volume, crown surface
area, and the number of branches were used to predict Tamarind fruit production from the farmland-use
type, while the parameters of the DBH, crown diameter and number of branches were used to develop
models for bushland-use type. Similar types of studies have also concluded that the chosen tree
parameters best predicted the fruit yield of Vitex trees under different land-use conditions (Kimondo et al.,

2011), whereas other studies have suggested that DBH measurements better estimate fruit yields of
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Baobab (Gebauer et al., 2016) and Vitex trees (Miller et al., 2004) using a linear regression model.
However, the tree size, crown structure, and the number of branches of Tamarind trees are affected by
environmental and geographical factors such as rainfall, temperature, latitude, and longitude, and soil
conditions (Osorio et al., 2018; Ranaivoson et al., 2015), which directly affect the accuracy of the models
when used for fruit estimation in other places than the study area. Thus, the use of a site-specific model
may be recommendable for more accurate fruit yield estimations of Tamarind trees. Furthermore, in this
study, the correlation of dendrometric parameters suggested that under enhanced management, Tamarind
trees in both land-use types could achieve better yields and structure. However, since T. indica can be
grown in a diverse dryland area of Ethiopia, a comprehensive study considering management and

germplasm selection is required to validate the equation developed in this study.

The third study identified 42 vascular plant species, of which 16 species (38%) were gum- and
resin-producing tree species, which were considered the most useful trees. The number of gum- and resin-
producing species recorded in this study appears to be higher than that reported to date from other dryland
agro-ecologic zones in Ethiopia. For example, only Senegalia senegal and Vachellia seyal were reported
as gum- and resin-producing tree species in a survey of the central Rift valley woodlands of Ethiopia
(Yebeyen 2006). Other studies of the northern part of Ethiopia have reported Boswellia papyrifera, S.
senegal, V. seyal, and Sterculia setigera as the main sources of gum and resins (Eshete 2011). In general,
our findings suggest that the South Omo Zone supports more gum- and resin-bearing species than other
parts of the country and, hence, there is a greater opportunity for the commercialization of different NTFPs
in the form of gum, resin, and myrrh (Worku et al., 2011; Lemenih and Kassa 2010). Apart from gum and
resin-bearing tree species, we also found some important wild tree species with edible fruit, such as
Dobera glabra, which could play a vital role in food security in dryland areas because this fruit is generally
collected for subsistence use by local communities (Melaku et al., 2014). Consistent with other studies, the
presence of these valuable tree species among the vegetation of the study area suggests that this forest
resource could enhance the livelihoods of local communities through income generated from the various
NTFPs (Dejene et al., 2013; Eshete and Teketay 2005).

Previous studies of gum production have involved stands of S. senegal trees with a diameter = 4
cm (Alemu et al., 2013). In this study, we sampled trees with a diameter = 2 cm because Yebeyen (2006)
reported that these trees are considered to be sufficiently mature for gum production purposes. The

average density of S. senegal trees with a diameter = 2 cm was 41 stems ha=! (37% of S. senegal stems in
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the study woodland), which is lower than that reported in other areas of Ethiopia. For example, Yebeyen
(2006) reported 12-209 S. senegal trees ha™1 in the rift valley areas of Ethiopia. Similarly, Dejene et al.
(2014) reported 211 trees ha 1 in Abderafi district in northwest Ethiopia. The higher density of S. senegal in
both these areas might be because the vegetation is dominated by S. senegal trees in these areas. In our
study, S. senegal was mainly found in association with Vachellia tortilis, Senegalia mellifera, Vachellia
nilotica, C. edulis, and D. glabra. Most of these species have a wide, dense crown that is umbrella-like and
flat-topped (Azene et al., 1993). Tree dimensions and structures are of great importance in natural and
managed forest ecosystems because they can influence the resource retention capacities of individual
trees and, hence, affect their growth and survival (Schneider et al., 2020). Thus, trees with a dense
umbrella-like crown, together with aspects such as the capacity of the forest soil to retain water or rainfall,
might limit the number of individual plants per area that can grow under this type of tree and, hence, the
overall composition of the vegetation in the ecosystem. Despite the comparatively low density of matured
S. senegal trees in the study woodland, there is a sufficient number of S. senegal trees and associated
gum- and resin-producing tree species to support the launch of a commercial gum arabic and resin-
harvesting enterprise in the study area. In addition, the regeneration status of S. senegal is good compared
with that of other species found in the study area, possibly reflecting the abundant seed production of S.
senegal and their contribution of seeds to the soil seed bank (Senbeta and Teketay 2001). The thorny
nature of S. senegal might also help seedlings to escape the browsing effects of cattle (Dejene et al.,
2014), which might indicate that S. senegal trees are a sustainable resource in this study area.

The average gum arabic yield from tapped trees in this study was 2060 g tree-1, with yields ranging
from 266 g to 3948 g trees™! in a two-month period, indicating a high level of variation in gum yields among
individual trees. Although the information on gum yield from different provinces is scarce, our findings agree
with those of a similar study conducted in Ethiopia. Alemu et al. (2013) showed that gum yield from a
managed plantation of S. senegal trees could provide on average 96 g per two months of harvesting.
Furthermore, a study performed in the Abderafi area, where the woodland is dominated by S. senegal trees
(211 stems ha1), estimated that 190 to 422 kg ha-! year-1 of gum arabic could be harvested, which could
be worth approximately $US 950 to 2110 ha-! year! (Dejene et al., 2014). The yield estimated in this study
Is based on two harvests in January and February, which may be a more intensive period of tapping
compared with those of other studies, which may have resulted in a lower annual gum yield per hectare in
our study area compared with that of other studies. However, taking the overall average gum arabic yield of
2060 g per individual tree and dividing it by 16 tapping seasons, the overall average yield/tree/season
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would be 129 g per season. Therefore, the predicted yield that could be obtained from the S. senegal trees
in our study is greater than that predicted by Dejene et al. (2014) and Alemu et al. (2013) for natural and

plantation forests, respectively.

The relationship between gum vyield per tree and tree parameters was expressed using linear
regression models. The model based on S. senegal DBH measurements enabled an accurate estimation of
gum yield from the study area woodlands. However, previous studies have indicated that gum yield not only
depends on stem diameter but also on the tapping intensity, number of tree branches, the direction of
tapping, and season (Wekesa et al., 2009; Alemu et al., 2013). Furthermore, all these three parameters are
affected by environmental and geographical factors such as rainfall, temperature, latitude and longitude,
and soil conditions (Osorio et al., 2018; Ranaivoson et al., 2015), which might have a direct impact on the
accuracy of the models. Our model based on DBH measurements provides new insights regarding the
potential commercial development of gum arabic production in dryland areas as an off-farm activity to
supplement the household economy of local communities together with the other associated gum- and
resin-producing tree species. However, further models that include more ecological variables should be
developed to extrapolate this potentiality to other understudied areas. Furthermore, the findings from this
preliminary study could be used to estimate the gum arabic yield per tree and season in natural stands in
the study area. Yield assessments should also be carried out for several seasons to determine the best

tapping time/dates.
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6. Conclusions

e The results from the socioeconomic study provide baseline information about the ethnomycology of
three ethnic groups in Ethiopia. The Amhara and Agew ethnic groups have a similar knowledge of
wild mushrooms. This similarity is a result of their cultural exchanges, coexistence, and shared
historical events. Furthermore, parallel responses were reported in many cases, such as the
consumption of wild mushroom species by their parents or grandparents even though the
respondents do not eat mushrooms, which will eventually lead to the loss of mycological
knowledge in these two ethnic groups. By contrast, wild mushroom consumption is an integral part
of the cultural knowledge of seasonal resources among the Sidama communities in the southern
part of the country. Thus, the different traditional food compositions and recipes of the ethnic group
should be further studied to ensure the potential value of wild mushroom species in the nutrition
and food security role in the community.

e Although most of the individuals interviewed from the Amhara and Agew ethnic groups were not
familiar with the wild mushrooms, they appreciated the food value of the mushrooms when they
tasted them. Thus, the experience of tasting mushrooms by local communities has implications for
poverty reduction through emphasizing locally available sources that enable rural households to
diversify their food sources. Although we have tried to document the traditional knowledge and
uses of wild mushroom species of three ethnic groups in Ethiopia, more studies are needed to
ensure that much of the potential value of wild mushroom species and the ethnomycology
knowledge of local communities is not lost. Such knowledge is part of the identity of these
communities: knowledge of wild mushroom uses, linguistics, and harvesting can prevent their loss
as modernization proceeds due to the dominance of hegemonic culture. Documentation of this
knowledge could promote a revaluation of wild mushroom species as resources and promote their
conservation. The knowledge and nomenclature of useful species could also be revitalized, and
their use encouraged, and in doing so, wild mushroom species could make a greater contribution
to food security, especially in a country like Ethiopia where food security is a country-wide issue.

e The study from Tamarindus indica highlighted that we have provided useful preliminary information
on the variation in fruit yield in Tamarind of the two land-use types. Overall, there were a higher
number of seedlings and large-sized Tamarind trees per hectare on farmland than in bushland,

indicating that matured trees are well preserved on farmlands. However, we could not find tree size
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classes between seedling and mature trees on farmland, whereas well-structured tree size classes
were observed in bushland. This situation is likely to have long-term consequences for the
population continuity of Tamarind trees on farmland in the long run. Thus, management plans to
develop meaningful stand structures on farmland need to be established to ensure the continuity of
the Tamarind population in the studied area, either by planting new Tamarind seedlings in specific
plots sites or by conserving some of the existing seedlings during the preparation of the soils for
new cultivation. Although higher Tamarind fruit yields were obtained from trees growing on
farmland than in bushland in the Dello Menna district, the majority of farmland trees produced
<5000 fruit per tree. However, the yield improvement can be done through deliberate selection of
higher fruit yielder trees, taking into consideration that Tamarind could grow in more diverse
dryland areas in Ethiopia. These strategies might also lead to the development of a sustainable
fruit supply in rural areas for commercialization or subsistence use.

e Classificatory models revealed that, among the tree size variables, DBH was more suitable to
predict the fruits yield category than the height of the trees. Similar results were observed for
crown-related variables such as crown depth, crown volume, and crown surface in the farmlands,
whereas crown diameter provides the best results in the bushlands. Finally, the number of
branches was always significantly related, as we expected, with the yield classification. Thus, the
obtained models indicated that the fruit yields of Tamarind trees could be improved through
management under different tree sizes, crown structures, and tree branch categories.

e The third study highlighted the population status of Senegalia senegal trees in a dryland area
where there is a good level of regeneration and the diameter distribution of individual S. senegal
trees indicates that most are mature enough to be tapped. This indicates that gum arabic
harvesting could be started in this area if appropriate management activities are applied. In
addition, we have provided useful preliminary information on gum yield and a model based on S.
senegal DBH measurements as a predictor for potential gum yield by this species. However,
further modeling studies are needed to incorporate environmental and geographical factors that
affect tree parameters to determine whether these factors influence the accuracy of the yield
model. Further yield assessments should be carried out for several seasons to determine the best
tapping time.

e Overall, this study provides baseline information that could be used for planning future economic

development in the study area based on the use of NTFPs, mainly gum and resin-production,
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through considering the multiple uses of gum- and resin-producing species. The findings from this
study also provide baseline information about gum vyield that could be used to promote the
protection, conservation, planting, taping, or commercial use of the S. senegal trees in the studied
area.

The gum yield data could be used to estimate gum arabic yields per S. senegal tree per year in the
study area at different density levels and could also be used to assist other developing countries
with valuable but underutilized trees like S. senegal that produce NTFPs. However, before gum
arabic production can begin, management plans need to be established for natural forests to
ensure the continuity and sustainability of gum arabic production, either by limiting production

levels or the number of stems in different DBH classes that can be tapped.
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7. Conclusiones

Los resultados del estudio socioeconémico proporcionan informacion de referencia sobre la
etnomicologia de tres grupos étnicos en Etiopia. Los grupos étnicos Amhara y Agew tienen un
conocimiento similar sobre los setas silvestres. Esta similitud es el resultado de sus intercambios
culturales, convivencia y eventos histricos compartidos. Ademas, se reportaron respuestas
paralelas en muchos casos, como el consumo de especies de setas silvestres por parte de sus
padres o abuelos a pesar de que los encuestados no comen setas, l0 que eventualmente
conducira a la pérdida del conocimiento micoldgico en estos dos grupos étnicos. Por el contrario,
el consumo de setas silvestres es una parte integral del conocimiento cultural de los recursos
estacionales entre las comunidades Sidama en la parte sur del pais. Por lo tanto, las diferentes
composiciones y recetas de alimentos tradicionales del grupo étnico deben estudiarse mas a
fondo para garantizar el valor potencial de las especies de setas silvestres en el papel de la
nutricion y la seguridad alimentaria en la comunidad.

Aunque la mayoria de los individuos entrevistados de los grupos étnicos Amhara y Agew no
estaban familiarizados con los hongos silvestres, apreciaron el valor alimenticio de las setas
cuando los probaron. Por lo tanto, la experiencia de probar setas por parte de las comunidades
locales tiene implicaciones para la reduccion de la pobreza al enfatizar las fuentes locales
disponibles que permiten a los hogares rurales diversificar sus fuentes de alimentos. Aunque
hemos tratado de documentar el conocimiento tradicional y los usos de las especies de setas
silvestres de tres grupos étnicos en Etiopia, se necesitan mas estudios para garantizar que no se
pierda gran parte del valor potencial de las especies de setas silvestres y el conocimiento
etnomicoldgico de las comunidades locales. Dicho conocimiento es parte de la identidad de estas
comunidades: el conocimiento de los usos, la lingtiistica y la recoleccion de las setas silvestres
puede evitar su pérdida a medida que avanza la modernizacién debido al dominio de la cultura
hegemdnica. La documentacion de este conocimiento podria promover una revalorizacion de las
especies de setas silvestres como recursos y promover su conservacion. También se podria
revitalizar el reconocimiento de especies (tiles y alentar su uso, y al hacerlo, las especies de setas
silvestres podrian hacer una mayor contribucion a la seguridad alimentaria, especialmente en un

pais como Etiopia, donde la seguridad alimentaria es un problema a nivel nacional.
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e El estudio Tamarindus indica destacé que hemos proporcionado informacion preliminar Gtil sobre
la variacion en el rendimiento de frutos en Tamarind de los dos tipos de uso de la tierra. En
general, hubo un mayor niimero de plantulas y arboles de tamarindo de gran tamafio por hectarea
en las tierras de cultivo que en los matorrales, lo que indica que los arboles maduros estan hien
conservados en las tierras de cultivo. Sin embargo, no pudimos encontrar clases de tamafio de
arbol entre plantulas y arboles maduros en tierras de cultivo, mientras que se observaron clases
de tamafio de arbol bien estructuradas en matorrales. Es probable que esta situacion tenga
consecuencias a largo plazo para la continuidad de la poblacion de arboles de tamarindo en las
tierras agricolas a largo plazo. Por lo tanto, es necesario establecer planes de manejo para
desarrollar estructuras de rodales significativas en tierras de cultivo para asegurar la continuidad
de la poblacion de Tamarindo en el area estudiada, ya sea plantando nuevas plantulas de
Tamarindo en sitios de parcelas especificas 0 conservando algunas de las plantulas existentes
durante la preparacion de los suelos para nuevos cultivos. Aunque Sse obtuvieron mayores
producciones de fruta de tamarindo de los arboles que crecen en tierras agricolas que en los
matorrales en el distrito de Dello Menna, la mayoria de los arboles de las tierras agricolas
produjeron <5000 frutas por arbol.

e Los modelos clasificatorios revelaron que, entre las variables de tamafio de arbol, el DAP era mas
adecuado para predecir la categoria de produccion de frutos que la altura de los arboles. Se
observaron resultados similares para las variables relacionadas con la copa, profundidad de la
copa, el volumen de la copa y la superficie de la copa en las tierras de cultivo, mientras que el
didmetro de la copa proporciona los mejores resultados en los matorrales. Finalmente, el nimero
de ramas siempre estuvo relacionado significativamente, como esperabamos, con la clasificacion
de produccion. Por lo tanto, los modelos obtenidos indicaron que las producciones de frutos de los
arboles de Tamarindo podrian mejorarse mediante el manejo en diferentes tamafios de arboles,
estructura de copa y categoria de rama de arbol. Ademas, la mejora de la produccion se puede
lograr mediante la seleccion deliberada de arboles con mayor produccion de frutos, teniendo en
cuenta que el tamarindo podria crecer en areas de tierras secas mas diversas en Etiopia. Estas
estrategias también podrian conducir al desarrollo de un suministro sostenible de frutas en areas
rurales para comercializacion o uso de subsistencia.

e El tercer estudio destaco el estado de la poblacion de arboles de Senegalia senegal en una zona

de tierras secas donde hay un buen nivel de regeneracion y la distribucion del didmetro de los
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arboles de S. senegal individuales indica que la mayoria son lo suficientemente maduros para ser
explotados. Esto indica que la recoleccion de goma ardbiga podria iniciarse en esta area si se
aplican las preliminar (til sobre el rendimiento de goma y un modelo basado en las mediciones de
DAP de S. senegal como predictor de la produccion potencial de goma de esta especie. Sin
embargo, se necesitan mas estudios de modelado para incorporar factores ambientales y
geograficos que afectan los parametros de los arboles para determinar si estos factores influyen
en la precision del modelo de la produccion. Se deben realizar mas evaluaciones de rendimiento
durante varias temporadas para determinar el mejor momento de extraccion.

e En general, este estudio proporciona informacion de referencia que podria usarse para planificar el
desarrollo econdmico futuro en el area de estudio con base en el uso de PFNM, principalmente
produccion de goma y resina, considerando los mdltiples usos de las especies productoras de
goma y resina. Los resultados de este estudio también brindan informacion de referencia sobre la
produccion de la goma arabica que podria usarse para promover la proteccion, conservacion,
plantacion, encintado o uso comercial de los &rboles de S. senegal en el &rea estudiada.

e Los datos de la produccion de goma arabica podrian usarse para estimar los rendimientos de
goma ardbiga por arbol de S. senegal por afio en el area de estudio a diferentes niveles de
densidad y también podrian usarse para ayudar a otros paises en desarrollo con arboles valiosos
pero subutilizados como S. senegal que producen PFNM. Sin embargo, antes de que pueda
comenzar la produccion de goma arabiga, es necesario establecer planes de manejo para los
bosques naturales para garantizar la continuidad y sostenibilidad de la produccién de goma
arabiga, ya sea limitando los niveles de produccion o el nimero de picas en diferentes clases de

DAP que se pueden aprovechar.
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Resumen

La informacion Etnomicoldgica se recopild mediante entrevistas semi-estructuradas con miembros de los
grupos étnicos Amhara, Agew y Sidama en Etiopia. Un total de 300 personas participaron en este
estudio. También se realizaron expediciones por el bosque para investigar el habitat e identificar especies
de hongos silvestres (tiles presentes en las areas de estudio. Se identificaron un total de 24 especies
Utiles de hongos silvestres. Entre los tres grupos étnicos, los Sidama tienen el conocimiento
etnomicoldgico mas amplio y se registraron mas de siete nombres vernaculos de especies de hongos
Utiles para este grupo. La recoleccién de setas comestibles es una practica comun entre los Sidama y
generalmente la realizan mujeres y nifios durante la principal temporada de lluvias, de junio a septiembre.
Las setas comestibles se recolectan en bosques naturales, plantaciones, areas de pastoreo, huertos y
areas pantanosas. En términos de usos medicinales, Lycoperdon perlatum y Calvatia rubroflava son
tratamientos bien conocidos para heridas y enfermedades de la piel. Se desconoce el almacenamiento de
la cosecha de especies de hongos silvestres. Los grupos étnicos Amhara y Agew expresaron una opinion
similar en cuanto a uso y conocimiento de las setas comestibles. Ambos grupos étnicos informaron que
aunque sus abuelos consumian especies de setas silvestres, ellos mismos no comen setas, lo que
eventualmente podria representar una pérdida de conocimiento micolégico en estos dos grupos étnicos.
Esta incoherencia entre los grupos étnicos en cuanto a sus conocimientos también puede estar
relacionada con la valoracion social de los recursos de las setas, que podria mitigarse facilmente
mediante la sensibilizacion. Por lo tanto, la informacion de referencia obtenida en este estudio podria ser
atil para futuras investigaciones y documentacion, y para promover los beneficios etnomicologicos a
diferentes grupos étnicos en paises con entornos similares.

Palabras claves: Setas; Enguday; etnomicologia; taxonomia popular; Amhara; Agew y Sida
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Abstract: Ethnomycological information was gathered by conducting semi-structured interviews
with members of the Amhara, Agew, and Sidama ethnic groups in Ethiopia. A total of 300 individuals
were involved in this study. Forest excursions were also undertaken to investigate the habitat and
to identify useful wild mushroom species present in the study areas. A total of 24 useful wild
mushroom species were identified. Among the three ethnic groups, the Sidama have the most
extensive ethnomycological knowledge and over seven vernacular names for useful fungal species
were recorded for this group. Collecting mushrooms is common practice among the Sidama and
usually carried out by women and children during the main rainy season from June to September.
Useful mushrooms are collected in natural forests, plantation forests, grazing areas, home gardens,
and swampy areas. In terms of medicinal uses, Lycoperdon perlatum Pers. and Calvatia rubroflava
(Cragin) Lloyd. are well-known treatments for wounds and skin disease. Harvest storage of wild
mushroom species is unknown. Respondents in the Amhara and Agew ethnic groups were similar in
terms of their use and knowledge of mushrooms. Both ethnic groups reported that although wild
mushroom species were consumed by their grandparents, they do not eat mushrooms themselves,
which could eventually represent a loss of mycological knowledge in these two ethnic groups.
Such inconsistency between ethnic groups in terms of their knowledge may also be linked to the
social valuation of mushroom resources, which could easily be mitigated by raising awareness.
Thus, the baseline information obtained in this study could be useful for further investigations and
documentation, and to promote ethnomycological benefits to different ethnic groups in countries
with similar settings.

Keywords: mushroom; Enguday; ethnomycology; folk taxonomy; Amhara; Agew and Sidama

1. Introduction

One of the world’s biggest challenges is to secure sufficient food for all that is healthy, safe and of
high quality, and to do so in an environmentally sustainable manner [1,2]. In this context, forest resources
can play an important role as a source of food [3,4], by enhancing nutritional diversity [5,6] while
maintaining diversity in natural systems [7]. Thus, in recent years, there has been growing attention
focused on the sustainability of foods [4,8,9] and food systems, which has highlighted the need to
conserve species diversity, mainly of foods from forest systems in many parts of the world [10,11].
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Wild mushroom species are vital components of the livelihoods of rural people in different parts
of the world [12,13]. Many of these mushrooms are collected because they are valuable non-timber
forest products (NTFPs) [14,15], enabling people to overcome vulnerability to poverty and sustain their
livelihoods through a reliable source of income [12]. This has shifted ethnomycology into a discipline
in different parts of the world [14]. Globally, about 140,000 important mushroom species have been
reported. In various cultures, mushrooms can serve as sources of food [14], medicine [16], enzymes and
various industrial compounds [17]. They serve as also important composition of food and recipes for
traditional foods and recipes [18,19]. In addition, mushrooms can serve in a recreational context and in
myths and beliefs [20]. Nutritionally, mushrooms are an important source of proteins, vitamins, fats,
carbohydrates, amino acids, and minerals [21,22], i.e., they are a good alternative or substitute for meat
and fish [22-24].

Previous ethnomycological studies have shown that local knowledge of mushrooms varies
with people’s cultures and beliefs [25-27]. Within local communities, conventional knowledge is
passed down from one generation to the next because this is the only way of safeguarding traditional
knowledge [14,25,26]. The use of questionnaires to record traditional knowledge linked to mushrooms
enables mushroom “use values” to be evaluated for a specific local community to identify cultural
differences between communities [25,28,29].

In Ethiopia, mushrooms are wild edible resources and important NTFPs like that of wild edible
fruits, particularly in the southern and southwestern parts of the country [30-32]. Despite poor
scientific knowledge, wild mushroom utilization is a common traditional practice among different
ethnic groups in Ethiopia [33,34]. Mushrooms, along with other wild edible resources, are used
as a coping food during periods of food shortage in localities where they are used as food [31,35].
In some local markets, mushrooms are sold by local people to provide some income to supplement
the household economy [36]. However, there are few ethnomycological reports on wild mushrooms.
The available reports are scanty and contain only basic information about the existence and use of
mushrooms at some community levels in the country [34,36,37]. Efforts made so far have either
been of a review nature and/or cross-sectional [38,39]. This lack of documentation could make local
mycological knowledge vulnerable [29]. Due to a continuing exodus of people from the countryside,
local communities are gradually losing an important part of their traditional knowledge, particularly
about wild mushroom species [24,26,29]. There is a genuine need to record and document local
traditional knowledge and perceptions about useful wild mushrooms. Furthermore, due to their
economic value, efforts are needed to integrate wild mushroom species as mainstream NTFPs in
Ethiopia to ensure their conservation and enhance their value as source of nutrition to improve human
welfare. Thus, assessing the various uses of wild mushroom species by local people is key to the
better valorization of services provided by wild useful fungi [40]. This would also enable us to better
elaborate participative management and conservation plans for these forests resources. This study has,
therefore, sought to assess and document ethnomycological knowledge related to wild mushroom
species of three ethnic groups from three different geographical areas in Ethiopia. Thus, our specific
objectives were: (i) to identify valuable wild mushroom species in three study areas; (ii) to record the
use value of wild mushroom species for each of the ethnic groups; (iii) to evaluate the status of wild
mushroom species within local communities; and (iv) to identify the main threats and to assess how
these threats vary across the three study areas.

2. Methods

2.1. Description of the Study Area

The study was conducted in the Amhara Region and the Southern Nations, Nationalities,
and Peoples” Region (SNNPR) of Ethiopia where more than half of the ethnic groups of Ethiopia are
reside and from which three ethnic groups were selected: namely, the Amhara in the Fogera Woreda,
the Agew in the Banja Woreda and the Sidama in the Wondo Genet Woreda (Figure 1). These three
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ethnic groups had been identified in this study with the assumption that they are having good
knowledge of the identification, variability, and use of locally available NTFPs. The Amhara and Agew
ethnic groups occupy the center of the northern highlands of the Amhara region. They live in the same
agro- ecological zone and share the same cultures, and languages. They both are sedentary farmers
who practice mixed agriculture, including crop production and livestock rearing. The crop varieties
grown locally in these woredas include teff (Eragrostis tef (Zucc) Trotter), sorghum (Sorghum bicolor
(L.) Moench), maize (Zea mays L.), finger millet (Eleusine coracana (L.) Gaertn.) and beans (Phaseolus
vulgaris L.). The Sidama ethnic group is one of the largest ethnic groups in the southern highlands.
The population density in Wondo Genet is higher than that of Fogera or Banja, with about seven
inhabitants per km?. The majority of the Sidama practice mixed agriculture, integrating cash crops,
such as khat (Catha edulis (Vahl) Endl.) sugar cane, and Ensete (Enset ventricosum (Welw.) Cheesman),
with livestock production, including fishing from the nearby lake.
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Figure 1. Location of the study woredas of the Amhara and Southern Nations, Nationalities, and Peoples’
Region (SNNPR) in Ethiopia. (A) Fogera Woreda inhabited by the Amhara ethnic group; (B) Banja
Woreda inhabited by the Agew ethnic group and (C) Wondo Genet Woreda inhabited by the Sidama
ethnic group.

Wondo Genet, Banja and Fogera Woredas (Table 1) are characterized by high-altitude natural
forests [41-44]. This high forest is dominated by Dry Afromontane forests [41,44], which are
characterized by high humidity, a variable rainfall pattern and a prolonged dry season, making them
complex and rich in biodiversity [45]. The main tree species found in these forests are Juniperus procera
(Hochst. Ex Endl.), Podocarpus falcatus (Thubb.) Mirb.), Hagenia abyssinica (J.FE.Gmel.), and Olea africana
subsp. Cuspidata (Wall. & G.Don) Cif.) which are the main sources of timber in Ethiopia [46]. The Dry
Afromontane forests also harbor various types of NTFPs [47], including edible fungi [38].

Table 1. Geographical description of the three study woredas.

Study Woredas Ethnic Group Gefg’::gg;cal Altit(:f::l{; nee Pr iv:i:?aﬁz:: I(I;Im) TeMmelejaex;s:;u(glC) References
Wondo Genet Sidama 7°06’ N & 38°37’ E 1760-1920 1200 19 [32]
Fogera Ambhara 11°58’ N & 37°41’ E 1780-2510 1245 20 [43]
Banja Agew 11°10’ N & 36°15" E 1870-2570 1300 18 [40]
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2.2. Socioeconomic Data Collection

This study presents three case studies as a type of ethnomycology research, each with various forms
of socioeconomic data which were collected between January and August 2019. The data were collected
from the primary data sources that involved the key informant interviews, focus group discussions
and household interview methods. Details of the methods used followed Mekonnen et al. [48] and are
described below:

The key informant interviews required people who were relatively knowledgeable about their
community, local natural resources, the culture of their community, and the use of NTFPs to share their
knowledge and experience with the interviewer and, therefore, suitable participants were selected for
this interview. To select these key informants, a snowball method was used in which one key informant
was contacted with the assistance of local administrators and community elders. Then, he/she would
inform us of a second, the second would provide the name of a third and so on until a saturation
number was reached [49-51]. In total, 17 elders (10 women and 7 men aged between 41 and 77 years
old) from the three study areas (three from Banja, four from Fogera and the remaining 10 from Wondo
Genet) served as key informants. During the study, each key informant was visited twice to verify
the reliability of the data obtained. If information conveyed about a species during the first visit was
not consistent with the information provided during the second visit, the information was considered
unreliable and was rejected. The second visit also helped us to gather additional information from
some of the participants that were not mentioned during the first interview. However, in most cases of
the participants in the key informant discussion, no new information or themes were gathered during
the second visit. Thus, this was a redundancy signals and the data collection was cease [50,51].

The focus group discussions were made up of representative members of the studied communities.
The discussions were made up of three independent groups per kebele, the smallest administrative
level in Ethiopia, and each group were consisted of ten individuals. When forming the groups,
the populations in each study keble were first split into youths, women, and elders groups. Then,
the overall samples consisted of some individuals from each spited groups. In each group the members
are chosen randomly [49] to obtain varied knowledge and views, giving equal chances to youths,
women, and elders for being selected as member of this study. The focus group discussions assessed the
participants’ feelings and opinions about wild mushrooms, the perceptions, beliefs, and myths attached
to wild mushrooms, their marketability, knowledge of ecological niches and phenology/calendar use,
as well as their opinion regarding resource degradation and the causes of degradation at the local level.
At least one key informant was included in each group to triangulate information. The information
collected via the key informant interviews and the focus group discussions was used to refine
and compliment the information gathered via the household interviews in each of the study areas.
The collected information was qualitatively interpreted and narrated in the Results and Discussion.

Household interview were conducted using a face-to-face semi-structured questionnaire interview.
The households were selected purposively based on their gender and their dependence on the forest
for their livelihood [49,52]. The questionnaire was constructed to obtain information relating to the
objectives of the study and had been pretested with 15 randomly selected individuals from each study
woredas. Based on the results of the pretest work, the questionnaires were modified as necessary.
Enumerators were recruited from the study areas and the study objectives were explained to them.
The enumerators were also trained in the methods of data collection and interviewing techniques.
In total, 300 households from Wondo Genet, Banja, and Fogera woredas took part in the survey.
The interviews were conducted in the Amharic language. In some cases, an interpreter conducted the
surveys to ensure that the meaning of the questions was not changed. Interviews were conducted in a
place where the informants were most comfortable. Information regarding the gathering, preparation,
use, status/abundance, etc. of wild mushroom species and their marketability was also collected.
Additional discussions were conducted with the households to understand the traditional use of
mushrooms for medicinal purposes.
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2.3. Wild Mushroom Species Collection

Weekly wild mushroom resource assessments were undertaken in July and August in 2016
during the major rainy season in nearby remnant Dry Afromontane forests [39]. For the purpose,
we established a total of nine sample plots in each study woredas, plots were established systematically
about 250 m apart. Each plot covered an area of 100 m?, with a rectangular shape (2 m x 50 m) [39].
During sampling, sample fruit bodies from encountered species in the sampling plots were collected
and taken to the laboratory and dried. In the field also, specimens were photographed and their
ecological characteristics were noted in order to assist and facilitate taxa identification processes.
Furthermore, herbaria specimens were used for mushroom species identification. Both morphological
and molecular analyses were used for taxa identification. Photographs of the wild mushroom species
were used during interviews and group discussions to enable the informants involved in the study to
easily recognize mushroom species in their vicinity. The relative popularity of each medicinal wild
mushroom was evaluated based on the informants who independently reported its medicinal use
(informant consensus) in the study area.

2.4. Data Analysis

Descriptive statistics were used to present the basic information obtained from the questionnaires.
All analyses were conducted based on the number of responses from the informants. A final list of
valuable wild mushroom species used by respondents was compiled from the questionnaires and from
the field collection data. All fungi were identified at genus and species level whenever possible with
the aid of several keys [53-60]. The statistical significance of differences between groups was obtained
by performing a chi-square test. Respondents ranked the effect of different threats on a scale of 1 to 3.
Thus, a Kruskal-Wallis test was performed to identify the major causes of wild mushroom degradation
based on the results of the respondents’ views. Clustering was used for the 24 edible species based
on their use by local communities. The cluster was based on the average linkage between groups.
A binary logistic regression model was used to determine the factors that influence wild mushroom
use by households [61]. Data were analyzed using STATISTICA ‘08 edition software (StatSoft Inc.,
1984-2008, Maastricht, the Netherlands).

There are many theoretical perspectives regarding food choice decision, including social behavior,
social facts, and social definition theory [61]. Each offers partial insights and makes limiting assumptions
that prevents food choice decision variables being fully explained. As a result, we used a food choice
process model that was developed based on constructionist social definition perspectives to examine
the broadest scope of factors relevant to how individuals constructed their food choice decisions.
The model included components of life course, personal food systems and influences. Thus, we selected
all our explanatory variables described in Table 2.

Table 2. List of variables and variable descriptions used in the binary logistic regression model.

Variables Definition Type of Data
Administrative area within which the household head lives
Region 1. SNNPR Categorical
2. Ambhara

Administrative area within the region in which the household head lives
expressed in years of homogeneity in terms of its ethnicity

Woreda 1.  Wondo Genet Categorical
2.  Banja
3. Fogera
Age Age of the household head Quantitative
Educational level of the household head:
1 = illiterate
Educational level 2= can read and write Categorical

3 = primary school completed
4 = secondary school completed
5 = obtained diploma, degree or above
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Table 2. Cont.

Variables Definition Type of Data

Ethnic groups to which the household head belongs—encompasses cultural
variations between ethnic groups.

Ethnicity 1.  Sidama Categorical
2. Agew
3. Ambhara

Perception of mushroom consumption for food, income generation, and food
security and as a medicine.

Perceived value 1.  Higher Categorical
2. Medium
3. Low
Consumption experience of an edible mushroom at least once in his/her lifetime

Taste experience 1. Yes Categorical
2. No

Household head’s knowledge or lack of knowledge about a mushroom’s
health-boosting benefits

1. I know

2. Idon’t know

Nutritional knowledge Categorical

Household head’s local knowledge of the identity of edible, poisonous and
medicinal wild mushrooms

1. Yes

2. No

Indigenous identification knowledge Categorical

3. Results

3.1. Ethnotaxa of Wild Mushrooms

During the forest survey conducted in 2016, our team collected a total of 67 wild mushroom
species in the Dry Afromontane forest of the study areas. Of these, 24 species belonging to 19 genera
and 9 families were classified as edible. These edible mushrooms were well recognized by the local
people when shown photographic images of these species. The fungi are listed in alphabetical order by
species name alongside the corresponding indigenous name used by the three ethnic groups (Table 3).
The families with the greatest numbers of edible species identified were the Agaricaceae (13 species)
and Psathyrellaceae (three species). These two families represented 66.67% of the identified edible wild
mushroom species in the study forests, whereas the remaining 33.33% of families were represented by
only a single species (Table 3).

The Amhara ethnic group appeared to have limited ethnotaxa knowledge of the wild mushroom
species found in the Fogera area. They classified mushrooms as ‘Enguday’, which in general corresponds
to ‘fungi’ in English. All mushrooms with caps were classified as ‘Yejib-tila’, which means, “Shadow of
the Hyena”, which may indicate their cryptic nature (Table 3).

The Sidama ethnic group from the Wondo Genet area was found to be mycophiles and to have a
well-developed ethnotaxa for wild mushrooms (Table 3). Some of the names given are associated with
attributes of the mushroom species. For example ‘Meine’ is a name given to a highly valued species
that is good to eat due to its taste but scarce due to high levels of collection. ‘Gadifuto’, which means
‘Hyena’s fart’, is a name given to medicinal mushroom species.

Like the Sidama ethnic group, the Agew from the Banja study area also have a well-developed
folk taxonomy for wild mushrooms. ‘Wagi’, ‘Emahoyie pinchina’, “Abahoy pinchina’, ‘Ye Zinjero
Fes’, and ‘Szantila” are ethnotaxa for some of the wild mushroom species (Table 3). However, for the
majority of unrelated taxa, like the Amhara ethnic group, they use the collective name ‘Enguday’.
Remarkably, the Agew have assigned mushrooms with specific names based on the season in which
the mushrooms grow. For example, those mushrooms that grow following the first rain of the season
are generally called ‘Gunfane’, which literally means common cold. The name “Yejib Tila’ is also used
by the Agew for all cap fungi.
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Table 3. Folk taxonomy of collected wild mushroom species used by the Amhara, Agew and Sidama
ethnic groups in the study woredas.

Local Name of Mushroom Used by Ethnic Group

Taxa Name Family Edibility
Sidama Agew Ambhara
Agaricus campestroides Heinem & Gooss.-Font. Agaricaceae Meine/Kakea Wagi Enguday E
Agaricus spq. L. Agaricaceae

Agaricus sp,. L. Agaricaceae - - -
Agaricus sp3. L. Agaricaceae - - -
Agaricus spy. L. Agaricaceae - - -
Agaricus sps. L. Agaricaceae - - -
Agaricus spe. L. Agaricaceae - - -

Agaricus subedulis Heinem. Agaricaceae Horoqo Wagi Enguday E
Agaricus trisulphuratus Berk. Agaricaceae - - -

Agrocybe pediades Fayod. Strophariaceae Shopenea Wagi Enguday E

Amauroderma regulicolor Murrill. Ganodermataceae - - -

Clitocybe elegans (Fr.) Staude Tricholomataceae Meine Wagi Enguday E
Armillaria sp. (Fr) Staude. Physalacriaceae - - -
Calvatia rubroflava Fr. Agaricaceae Gadifuto Emahoyie pinchina Emahoyfese E
Collybia piperata (Beeli) Singer. Tricholomataceae - - - E
Conocybe sp. Fayod. Bolbitiaceae
Coprinellus domiszt;catéil'(?gﬁgg:ﬂgalys, Hopple Psathyrellaceae Feradigamea Wagi Enguday
Coprinellus sp. P.Karst. Psathyrellaceae - Wagi Enguday
Coprinopsis nivea (I\I/)[irjgaliidheadl Vilgalys & Psathyrellaceae Shishonea Wagi Enguday
Coprinopsis spq. PKarst. Psathyrellaceae - - -
Coprinopsis sp,. P.Karst. Psathyrellaceae - - -
Coprinus pseudoplicatilis Pers. Psathyrellaceae Shishonea Wagi Enguday E
Coprinus sp. Pers. Agaricaceae - - -
Crepidotus sp. (Fr.) Staude. Crepidotaceae - - -
Cyptotrama asprata (Berk.) Redhead & Ginns. Physalacriaceae - - -
Favolaschia calocera R. Heim. Mycenaceae - - -
Ganoderma sp. (Curtis) P.Karst. Ganodermataceae  Buki bulasa - - E
Gerronema hungo (Henn.) Degreef & Eyi. Marasmiaceae - - - E
Gymnopilus junonius (Fr.) P.D. Orton. Cortinariaceae - - -
Gymmnopilus pampeanus (Speg.) Singer. Strophariaceae - - - E
Hygrophoropsis aurantiaca (Wulfen) Maire. Hygrophoropsidace&eradigamea Wagi Yejib-tila E
Hymenagaricus fuscobrunneus Heinem. Agaricaceae Qochigomalea Szantila Yejib-tila E
Hymenagaricus sp. Heinem. Agaricaceae - - -
Hypholoma fasciculare (Huds.) P. Kumm. Strophariaceae - - -

Lepiota cristata (Bolton) P.Kumm. Agaricaceae - - -

Leucoagaricus sp. Locq. ex Singer Agaricaceae Meine Szantila Yejib-tila E
Leucoagaricus leucothites (Vittad.) Wasser. Agaricaceae Kakea Szantila Yejib-tila E
Leucoagaricus rubrotinctus (Peck) Singer. Agaricaceae Kakea Szantila Yejib-tila E

Leucoagaricus spy. Locq.ex Singer. Agaricaceae Adulla Szantila Yejib-tila E

Leucoagaricus spy. Locq.ex Singer Agaricaceae Silegaga Szantila Yejib-tila E
Leucocoprinus birnbaumii (Corda) Singer. Agaricaceae Feradigamea Szantila Yejib-tila E

Leucocoprinus cepistipes (Sowerby) Pat. Agaricaceae Feradigamea Szantila Yejib-tila E

Lycoperdon perlatum Pers. Agaricaceae Gadifuto Abahoy pinchina Abahoyfese E
Lycoperdon sp. Pers. Agaricaceae - - -
Marasmius buzungolo Singer. Marasmiaceae - - -
Marasmius katangensis Singer. Marasmiaceae - - -
Marasmius rotalis Berk & Broome. Marasmiaceae - - -
Marasmius sp. Fr. Marasmiaceae - - -

Microporus sp.P.Beauv. Polyporaceae - - - E
Parasola spq.Redhead, Vilgalys & Hopple. Psathyrellaceae - - -
Parasola sp,. Redhead, Vilgalys & Hopple. Psathyrellaceae - - -
Polyporus badius (Pers.) Schwein. Polyporaceae - - -
Polyporus tuberaster (Jacq. ex Pers.) Fr. Polyporaceae - - -
Psathyrella sp;. Fr.ex Quél. Psathyrellaceae - - -
Psathyrella sp;. Frex Quél. Psathyrellaceae - - -
Psathyrella sp3. Fr.ex Quél. Psathyrellaceae - - -
Psathyrella spy. Fr.ex Quél. Psathyrellaceae - - -
Psilocybe cyanescens Wakef. Hymenogastraceae - - -
Psilocybe merdaria (Fr.) Ricken. Hymenogastraceae - - -
Psilocybe sp. (Fr.) PKXumm. Hymenogastraceae - - -
Trametes versicolor (L.) Lloyd. Polyporaceae - - -
Tremella mesenterica (Schaeff.) Retz. Tremellaceae - - -
Un described sp;. Undescribed - - -
Un described sp,. Undescribed - - -
Un described sps. Undescribed - - -
Un described spy. Undescribed - - -
Xerula sp. Maire. Physalacriaceae - - -

Note: E = edibility.

3.2. Wild Mushroom Collection and Habitat Type

Based on the respondents’ answers, the three ethnic groups differed significantly in their knowledge
of wild mushroom habitats (chi-square test; p < 0.05). Overall, six different habitat types were
distinguished by respondents. However, the home garden and swampy areas are far less relevant
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for the Amhara and Agew ethnic groups than other habitats (Figure 2). Compared with Sidama
respondents, a significantly greater proportion of respondents belonging to the Amhara and Agew
ethnic groups considered the natural forest to be the main mushroom habitat (Agew-Sidama = 0.001
and Amhara-Sidama = 0.001) (Figure 2). By contrast, a significantly greater proportion of Sidama
respondents considered grazing areas to be a mushroom habitat compared with the Amhara and Agew
respondents (p > 0.05). However, the proportion of Sidama and Agew respondents that considered
plantations and agricultural lands to be habitats for wild mushroom species was not significantly
different (Figure 2; p > 0.05).
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Figure 2. Perceptions of individuals in the three ethnic groups interviewed in the study areas about
wild mushroom habitats. The data shown are mean results + the standard error amount by five percent
of the mean. Within each habitat type, values with the same letter above the bar are not significantly
different. Abbreviations: NF, natural forest; PL, plantation forest; HG, home garden; SA, swampy area;
AL, agricultural land; and GR, grazing area. Note: wild mushroom species are found in more than one
habitat type; thus, the total percentage for all habitats is >100%.

We found significant differences in the awareness and use of wild mushroom species (chi-square
test; p < 0.05) among the three ethnic groups. From the household survey, we realized that the Sidama
ethnic group was more familiar with mushrooms than the Amhara and Agew (p < 0.05), whereas the
Ambhara and Agew were not significantly different from each other in terms of their awareness and use
of wild mushroom species (p > 0.05).

The household interview revealed that the Sidama ethnic group collects wild mushroom species
for food (93%) and medicinal (7%) purposes. About 63% of the respondents indicated that they usually
collect wild mushrooms, 25% indicated that they occasionally collect wild mushroom species and 12%
not collected mushrooms. The Sidama collect fungal species that have different nutritional modes.
Saprotrophic fungi are preferred as food (90%) compared with other fungal types whereas Ganoderma,
Calvatia and Lycoperdon (Table 4) are the three most commonly gathered genera for medicinal purposes.
When dried, the spores of these mushroom species can be spread on skin to heal wounds and skin
disease (Table 4).

Wild mushroom collection is common practice among the Sidama community: in most cases,
children (22%) and women (70%) are the main collectors. This is because children are responsible for
livestock keeping in the field and women are responsible for collecting firewood from the forests in
the Wondo Genet area. Moreover, during the focus group discussions, the Sidama groups reported
that the women in their communities know where and when wild mushroom species will be at their
best. However, in some cases, men also collect mushrooms when they unintentionally find them as
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they walk to or from the forest. According to the group discussion, medicinal mushroom species are
usually collected by traditional herbalists; thus herbalists in the study areas are key for determining

the ethnotaxa of medicinal species.

Table 4. Traditional use and preparation of the twelve most listed wild mushroom species by the

Ambhara, Agew and Sidama ethnic groups in the study areas.

Species Scientific Name

Traditional Uses and Preparation

Amhara  Agew Sidama Local Preparation

Agaricus campestroides Heinem & Gooss.-Font. NK NK F Cooked with vegetables, oil and chili sauce

Agaricus subedulis Heinem. NK NK F Cooked with vegetables, oil and chili sauce

Clitocybe elegans (Fr.) Staude NK NK F Cooked with vegetables, oil and chili sauce

Calvatia rubroflava Fr. NK NK F&M Cooked with vegetables and oil. Also, spores/powder used to treat wounds

Hymenagaricus fuscobrunneus Heinem. NK NK F Cooked with vegetables, oil and chili sauce
Leucoagaricus sp. Locq. ex Singer NK NK F Cooked with vegetables and oil
Leucoagaricus leucothites (Vittad.) Wasser. NK NK F Cooked with vegetables and oil
Leucoagaricus rubrotinctus (Peck) Singer. NK NK F Cooked with vegetables and oil
Leucoagaricus spy. Locq.ex Singer. NK NK F Cooked with vegetables and oil
Leucoagaricus spy. Locq.ex Singer NK NK F Cooked with vegetables and oil

Roasted or cooked with vegetables and oil

Lycoperdon perlatum Pers. NK F F&M Also, spores/powder used to treat skin infection and wounds of both
human and livestock
Ganoderma sp. (Curtis) P.Karst. NK NK M Medicinal for stomachaches and to treat wounds

Note: F, species used for food; NK, species not known as food or medicine; and M, species used for medicine.

Although none of the Amhara and Agew respondents collect wild mushrooms for food or medicinal
purposes, about 57% and 72% of the Amhara and Agew respondents, respectively, indicated that they
do have some knowledge of the medicinal and food use value of wild mushrooms. They obtained
this information from different sources as from forefathers (Amhara, 23%; Agew, 43%), elderly people
belonging to other ethnic groups (Gumze) in their vicinity (Amhara, 34%; Agew, 46%), friends (Ambhara,
10%; Agew, 43%), forestry expertise (Amhara, 12%; Agew, 33%), and NGOs (Ambhara, 4%; Agew, 11%).

3.3. Seasonality/Phenology of Mushrooms

The seasonality of wild mushroom appearance was not significantly different among the three
study areas (chi-square test; p > 0.05; Figure 3). In all three cases, wild mushroom species develop
during the short (peak in March) and long (peak in July) rainy seasons (Figure 3), suggesting the

importance of rainfall patterns in fungal phenology.
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Figure 3. Phenology of mushrooms perceived by the three ethnic groups in the study area.
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The Sidama collect wild mushroom species in Wondo Genet during the long rainy season (June
to September). Mushroom availability in this area peaks between mid-July and the end of August
(Figure 3). Interestingly, the majority of the respondents (97%) from Wondo Genet suggested that
edible mushrooms grew during this season in well-known places and that the timing and pattern of
their appearance was predictable. However, there were a few respondents (3%) from this study area
who believed that some species could also be found during the dry season.

3.4. Wild Mushroom Use and Consumption

The identified valuable wild mushroom species clustered in three different groups and one
independent species when analyzed based on their use as food, medicine, food and medicine and
unknown use (Figure 4). The respondents indicated that 12 species were not known for their use by the
locals. In the second group, nine wild mushroom species were identified as edible species that were
consumed by locals (Figure 4). In the third group, Calvatia rubroflava and Lycoperdon perlatum were
used as food and medicine. The Ganoderma species, which was classified as an independent species,
was used for medicinal purposes only.

Agrocybe pediades

Coprinellus domesticns

Coprnellus sp

Coprinopsis wivea e 1\

Coprirnss psendoplicatilis — [ 7

Hygroplioropsts aurantiaca —] B d |
Lencocoprines brrmbarmim e

Lencocoprims cepristipes
Gerronemna lnigo - ]

Gymropilies parpears '
Micropors sp 3
Collybia piperata
Agaricus canpestroties —
Agaricus subedulis —
Clitocy be elegans j
Hymenagaricus fuscobrmonsiis 1 \
Lencoagaricns holosericens j Il “
Lencongaricis sp —) iy
Lencoagaricns mibrotinct s
Lencoagaricus sp.l—
Lencoagarnicus sp.2 —
Gamnadermina sp ) —_
Calvatia mbroflava ]‘_ My =
Lycoperdon perlation | & | I

Figure 4. Dendrogram showing the classification of edible wild mushroom species based on their use
by local communities. The horizontal axis represents the distance or dissimilarity between clusters and
the vertical axis represents the species and clusters.

Wild mushroom use and consumption patterns varied among the three study areas (chi-square
test; p < 0.05), with only the Sidama ethnic group using wild mushrooms. However, among the
Sidama respondents, there was a significant difference in their perception of wild mushroom species
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(chi-square test; p < 0.001). About 86.7% of the interviewed individuals considered mushrooms to
be a substitute for meat, whereas 21.3% considered mushrooms to be a vegetable in their daily meal.
The majority of the respondents consumed mushrooms by cooking them with onions, vegetables,
and oil; however, some (23%) consumed mushrooms when cooked with chili sauce or when cooked
with oil and salt (8%) (Table 4).

About 71% of the Sidama that were interviewed were able to distinguish between edible and
poisonous wild mushrooms. Edible species were distinguished based on aroma (like that of the soil),
color (usually gray), the size of the sporocarps, habitat (leaf litter) and edibility information acquired
from their forefathers. Moreover, the Sidama believe that if animals feed on a mushroom species
then the mushroom must be edible. The most commonly used edible species in the Wondo Genet
area included Agaricus subedulis Heinem., Hymenagaricus fuscobrunneus Heinem., Clitocybe elegans (Fr.)
Staude., Lycoperdon perlatum Pers., Calvatia rubroflava Fr., and Leucoagaricus leucothites (Vittad.) Wasser.
The Sidama do not preserve wild mushroom species for future use because they do not have the
knowhow for mushroom preservation.

The Sidama identified poisonous mushrooms by their bright colors. In addition, if, for example,
a dead insect is found on a mushroom or skin itch when the mushroom touches the body, then the
mushroom is considered to be poisonous. If poisoned by ingesting a mushroom in Wondo Genet,
the individuals interviewed indicated that they would drink fresh goat’s blood (95%), the juice of Kocho,
which is produced from Ensete ventricosum (Welw.), milk (90%), or vomit (65%). Moreover, 87% of the
interviewed individuals indicated that ‘Gadifuto” (both C. rubroflava and L. perlatum) were used as a
powder/spores to cure skin disease and to treat human and livestock wounds.

Although wild mushroom collection by the Amhara and the Agew ethnic groups is not common
practice, the group discussions in both study areas revealed that the local people were aware that
mushrooms are a food resource because their descendants and neighboring communities (mainly
the Gumz) used to collect and eat mushrooms from the forest. Interestingly, some Agew individuals
(83%) used to eat roasted mushrooms, and they indicated that this tradition was inherited from their
forefathers. People participating in the group discussion in the Banja Woreda also confirmed that their
ancestors used to eat roasted and cooked young Lycoperdon species with vegetables and oil. Among the
interviewed individuals from both ethnic groups, 91% considered the majority of wild mushroom
species to be poisonous and not good for health. However, no cases of mushroom poisoning have been
recorded in the Banja or Fogera study areas. Interestingly, some members of both groups (Amhara
(16%) and Agew (21%)) have some knowledge of cultivated edible mushrooms and their nutritional
value (i.e., Agaricus bisporus (J.E.Lange) Imbach, Lentinula edodes (Berk.) Pegler, and Pleurotus ostreatus
(Jacq. ex Fr.) PKumm) because they have received training from Woreda forestry expertise.

Wild mushroom species have not been commercialized in any of the study areas. The entire
mushroom harvest in Wondo Genet is used for household consumption.

3.5. Factors Influencing Wild Mushroom Use

According to the binary logistic model, most of the evaluated factors differed significantly in their
influence on wild mushroom consumption (chi-Square, p < 0.05; model fit, R? = 0.883). Only age,
nutritional knowledge, and indigenous identification knowledge had no influence on consumption
(p > 0.05; Table 5). The positive elasticity in the coefficients implies that a unit addition to any of
the significant parameters will have a positive influence on wild mushroom consumption by the
studied ethnic groups. This also holds true for the negative significant estimated coefficients. A unit
reduction to any of them will have a negative influence on wild mushroom consumption by the studied
ethnic groups
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Table 5. Factors influencing wild mushroom consumption based on a binary logistic regression model.

Parameters Coefficients Standard Error p-Value
Region 0.43 0.51 0.000 **
Woredas 5.52 0.58 0.000 **

Age -0.03 0.02 0.889
Education level -1.41 1.05 0.000 **
Ethnicity 9.24 1.10 0.000 **
Perceived value -5.64 0.42 0.004 *
Taste experience 7.02 0.65 0.003 *

Nutritional knowledge -17.83 0.49 0.078
Indigenous identification knowledge —-0.26 0.22 0.122 %

Constant 0.88 0.34 0.290

Note: ** and * indicate significance at the 0.01 and 0.05 probability level, respectively.

3.6. Perceived Status and Threats

According to the perceived view of the respondents, the status of wild mushroom species did
not differ significantly among the three ethnic groups (chi-square test; p > 0.05). The perception
of the status of wild mushroom species was decreasing in their locality was decreasing (Figure 5).
The aggregate perception also indicated that 60.67% of respondents perceived that the status of wild
mushroom species had decreased compared with that in previous years, 32% perceived the status to be

unchanged and 7.33% perceived the status to have increased.
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Figure 5. Perceived view of respondents in the Amhara, Agew and Sidama ethnic groups regarding

the status of wild mushroom species in their locality.

Based on the results of the respondents’ views, the major causes of wild mushroom degradation
were perceived to be free grazing, agricultural expansion, settlements, fire incidence, climate change,
and unknown reasons (Table 6). Among these, free grazing, agricultural expansion, settlements,
and fire incidence were perceived to have a significant influence (Kruskal-Wallis test, p < 0.05) on the

status of wild mushroom species in the three study areas.
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Table 6. Major causes of wild mushroom degradation based on the mean risk value for each threat
categorized by respondents from each ethnic group on a scale of 1 to 3. Threat: Ag, agricultural land
expansion; Set, settlements; F, fire incidence in the forest; G, free grazing; CC: climate change; and UF,
unknown factors.

Ethnic Group Ag Set F G CC UF
Ambhara 2.58 1.74 2.99 222 1.00 1.00

Agew 1.85 1.11 224 1.18 1.00 1.00

Sidama 2.46 1.44 2.28 2.08 1.00 1.00

Total mean 2.34 1.43 2.45 1.90 1.00 1.00

Std. deviation 0.71 0.50 0.50 0.86 0.00 0.00
Kruskal-Wallis test (p value) 0.000 0.008 0.000 0.000 1.00 1.00

4. Discussion

Previous Ethiopian ethnomycological reports have usually been based on small-scale case
studies [33,34,37,62]. In this ethnomycological study, we included two regions with different ethnic
compositions. The Sidama ethnic group are mycophiles and have a more extensive folk taxonomy for
mushrooms than the other ethnic groups [14,27,63], indicating that the Sidama ethnic group is good at
sharing ethnomycological knowledge within the ethnic group [27,29,63]. Traditional healers are key
informants for the identification and characterization of medicinal species because they use different
species for their traditional medicinal practices [31,62]. In addition to their use as food, Lycoperdon
perlatum Pers. and Calvatia rubroflava Fr. were reported to be the most useful and important medicinal
wild mushroom species because they play a key role in treating wounds and skin disease. Interestingly,
Laetiporus sulphureus (Bull.) Murrill. sensu lato has also been reported to be a common traditional
medicine for lessening pain during childbirth in Kaffa areas in the southern part of Ethiopia [36],
where local people preserve powder of this species for long periods in the house. Interestingly, in this
study, a Ganoderma species was also used for medicinal purposes by the local people. Other studies have
also reported that these mushrooms are used in traditional medicine by different local communities
around the world to treat stress, pain, measles and lung diseases [64—66].

In our study, the surveys revealed that the Amhara and the Agew have limited ethnomycological
knowledge and do not eat mushrooms even though their parents or grandparents have consumed
wild mushroom species in the past and commercial mushroom species are being cultivated artificially
in their locality. The non-consumption of mushrooms will eventually represent a loss of mycological
knowledge in these ethnic groups [29]. Only two of the species common to their locality have been
assigned a folk taxonomy by these ethnic groups (Table 3) while the common name of the majority of
wild mushroom species was reported to be Enguday or Yejibtila. Therefore, rigorous work is needed
in Banja and Fogera to develop a folk taxonomy [31,39]. However, this study did provide us with
an opportunity to understand how different ethnic groups in Ethiopia use their ethnomycological
knowledge. This sentiment echoes expressed by Tuno [34], who reported that observing the traditional
ways of mushroom utilization by the Majangir ethnic group in the southwest part of Ethiopia provided a
unique opportunity for studying how people belonging to traditional tribes in Africa utilize mushroom
as foods [34,39]. The findings presented in [34] suggested that communities in rural part of Ethiopia
are familiar with wild mushroom species growing in their locality and prize them as subsidiary food
items collected in the forest [34].

In this study, communities, particularly the Sidama, were easily able to distinguish between
wild mushroom species using their own traditional protocols. Broadly, they used morphological
characters, smell and habitat to identify edible mushrooms. These criteria are in line with [31,34].
The oldest accounts of this practice among tribes in developing countries have been putatively reflected
by different authors [67-70]. Beside these criteria, in rural areas of Ethiopia, the local people also use
the presence or absence of a strong bad smell [34] to determine the edibility of mushrooms. Thus,
it could be assumed that such traditional protocols are the product of ancient experimentations and
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possibly opportunistic discoveries by the indigenous people despite the confounded genealogy of their
cultural uses [63]. Among the Sidama, women are generally involved in the collection and gathering
of wild mushroom species and children are involved in the collection of well-known mushrooms.
This is in line with [36], who reported that women are often responsible for this type of activity in
the south and southwestern parts of the country, and also agrees with the findings of several other
authors [27,34,39,63]. Because women are responsible for collecting firewood from the forests in
the Wondo Genet area, they have become expert at distinguishing between edible and poisonous
mushrooms [34,36] and are knowledgeable about the spatial distribution of mushrooms in terms of
habitat and associated substrates in the forest and other niches [31,38].

Respondents also revealed that all mushrooms are collected during the rainy season (June to
September) and used especially during food shortage periods. However, Dejene et al. [31] reported
that the collection of some species, such as Laetiporus sp., could occur during the dry season [34,37].
Grain is the principal source of nutrition for communities in most parts of the country. In general,
the availability of mushrooms in the rainy season coincides with periods of grain scarcity, suggesting
that local communities may use wild mushroom species together with other edible wild foods
during this period as a gap filler [31]. Common areas identified for wild mushroom collection were
natural forests, farmlands, grazing lands, home gardens, and swampy areas. Most of these ecological
niches are quite similar to those reported by [36,37] in the south and south western parts of the
country. If communities are trained well, this culture of collecting wild mushroom species could be
expanded to shift from subsistence use to income-generating small-scale business speculations through
their commodification.

We have got determinant variables on wild mushroom consumption by the local communities
in the three study woredas, implying that any of the significant variables has a positive effect on
wild mushroom use the local people. For example, “taste experience” has a positive effect on wild
mushroom use in the study area. This implies that those individuals who have tasted a wild mushroom
species have better awareness of its use than those that have not tasted the species. This experience
helps to understand the local livelihood context, the sources and nature of risks and the coping behavior
of communities. This supports the findings of Lemenih et al. [71] who indicated that household
experience is a commonly applied strategy for coping with shocks and is instrumental in poverty
reduction. Thus, a local communities” experience of tasting a mushroom has implications for poverty
reduction through emphasizing local available sources of the mushroom, enabling rural households to
diversify their food sources. The same applied to the other positive coefficient variables, implying that
a unit addition to any one of them will have a positive implication for wild mushroom consumption.

We evaluated different threats that affect wild mushroom species based on the perceived causes for
degradation. Many of the threats related to habitat degradation are affecting wild mushroom species
in Ethiopia in general. Free grazing and agricultural land expansion were considered to be the main
threats in this study. This might be because rapidly growing human and livestock populations are
driving an ever-increasing demand for crop and grazing land, which is aggravating the degradation
of habitats in Ethiopia [32,72,73]. Such anthropogenic pressures are likely to also have an impact
on useful known and unknown wild mushroom species, some of which could face extinction [73].
Moreover, this loss also limits the benefits that can be obtained from wild mushroom components of
forest resources as well as the ethnomycological knowledge of different ethnic groups associated with
mushroom use. Thus, the sustainable management of Ethiopian forest systems is mandatory in order
to play major roles in the conservation and development of wild edible and medicinal mushrooms
that cannot be economically cultivated, require very specific habitats, and are exceptionally difficult to
reproduce in nurseries or laboratories. Furthermore, the importance of fungal resources has recently
been brought to the forefront due to their ecological and economic importance. There have been
many efforts to record their diversity at local and regional scales. Thus, product diversification is a
fundamental strategy to integrate a model of sustainable forest exploitation and reverse the degradation
of wild mushroom species through promoting ecosystem services such as biodiversity conservation.
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5. Conclusions

This study has attempted to provide baseline information about the ethnomycology of three ethnic
groups in Ethiopia. The Amhara and Agew ethnic groups are located in the same geographic region,
are in contact with the same natural resources and have a similar knowledge of wild mushrooms.
This similarity is a result of their cultural exchanges, coexistence, and shared historical events.
Furthermore, parallel responses were reported in many cases, such as the consumption of wild
mushroom species by their parents or grandparents even though the respondents do not eat mushrooms,
which will eventually lead to the loss of mycological knowledge in these two ethnic groups. By contrast,
wild mushroom consumption is an integral part of the cultural knowledge of seasonal resources
among the Sidama communities in the southern part of the country. Thus, the different traditional
food composition and recipes of the ethnic group should be further studied to ensure the potential
value of wild mushroom species in the nutrition and food security role in the community.

Sidama women are primarily responsible for gathering and collecting valuable wild mushroom:s,
indicating that gender is one of the variables that influence the local knowledge of wild mushroom
use and their distribution in the locality. This could also have implications for women contributing
toward household food security using locally available food resources such as fungi. In other words,
fungi could be a means of providing supplementary food, thereby reducing poverty and providing
opportunities for women living in unfavorable areas and, hence, reducing inequality. Similarly,
although most of the individuals interviewed from the Amhara and Agew ethnic groups were not
familiar with the wild mushrooms, they appreciated the food value of the mushrooms when they tasted
them. Thus, the experience of tasting mushrooms by local communities has implications for poverty
reduction through emphasizing local available sources that enable rural households to diversify their
food sources.

Although we have tried to document the traditional knowledge and uses of wild mushroom
species of three ethnic groups in Ethiopia, more studies are needed to ensure that much of the potential
value of wild mushroom species and the ethnomycology knowledge of local communities is not lost.
Such knowledge is part of the identity of these communities: knowledge of wild mushroom uses,
linguistics, and harvesting can prevent their loss as modernization proceeds due to the dominance of
hegemonic culture. Documentation of this knowledge could promote a revaluation of wild mushroom
species as resources and promote their conservation. The knowledge and nomenclature of useful
species could also be revitalized, and their use encouraged, and in doing so, wild mushroom species
could make a greater contribution to food security, especially in a country like Ethiopia where food
security is a country-wide issue.
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Resumen

En este estudio, evaluamos el estado del rodal, las variables dendrométricas y la produccion de frutos de
arboles de tamarindo (Tamarindus indica L.) que crecen en zonas naturales matorralizadas y
complementariamente en tierras agricolas en areas de tierras secas de Etiopia. El estudio de la
vegetacion se realizd utilizando el método de un cuarto central. También se evalu6 el rendimiento de
frutos de 54 arboles. Se estim6 la densidad de &rboles y la produccion de frutos por ha. Hubo una
diferencia significativa en la densidad de arboles de tamarindo entre los dos tipos de uso de la tierra (p =
0.01). La produccion media de frutos de los arboles de las tierras de cultivo fue significativamente mayor
que el de los arboles de los matorrales. Sin embargo, el tamarindo tiene una estructura insostenible en las
tierras de cultivo. También se observaron diferencias en las caracteristicas dendrométricas de los arboles
entre los dos tipos de uso de la tierra. Se seleccionaron modelos predictivos para las estimaciones de
produccion de frutos de tamarindo en ambos tipos de uso de la tierra. Aunque la mayoria de los arboles
de las tierras agricolas produjeron <5000 frutos al afio-1, la seleccién de germoplasma de tamarindo en
sus areas de distribucion naturales podria mejorar la produccion. Asi, se requiere el desarrollo de planes
de manejo para establecer rodales que tengan una estructura de diametros mas equilibrada y asi
asegurar la continuidad de la poblacion y las producciones de frutos en esta zona, particularmente en los
campos de cultivo. Esta informacion de referencia podria ayudar en otros lugares en areas que enfrentan
desafios similares para la especie debido al cambio de uso de la tierra.

Palabras claves: Matorrales; dendrométrico; tierras de cultivo; &rbol frutal indigena; estado de la
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Abstract: In this study, we evaluated stand status, dendrometric variables, and fruit production
of Tamarind (Tamarindus indica L.) trees growing in bushland and farmland-use types in dryland
areas of Ethiopia. The vegetation survey was conducted using the point-centered quarter method.
The fruit yield of 54 trees was also evaluated. Tree density and fruit production in ha were esti-
mated. There was a significant difference in Tamarind tree density between the two land-use types
(p = 0.01). The mean fruit yield of farmland trees was significantly higher than that of bushland
trees. However, Tamarind has unsustainable structure on farmlands. Differences in the dendrometric
characteristics of trees were also observed between the two land-use types. Predictive models were
selected for Tamarind fruit yield estimations in both land-use types. Although the majority of farm-
land trees produced <5000 fruit year—!, the selection of Tamarind germplasm in its natural ranges
could improve production. Thus, the development of management plans to establish stands that
have a more balanced diameter structure and thereby ensure continuity of the population and fruit
yields is required in this area, particularly in the farmlands. This baseline information could assist
elsewhere in areas that are facing similar challenges for the species due to land-use change.

Keywords: bushland; characteristics; dendrometric; farmland; indigenous fruit tree; population
status; wild fruit

1. Introduction

The wide array of altitudinal gradients and the varying topographic features of
Ethiopia have created quite diverse ecological conditions, each with their own characteristic
flora and fauna [1]. Approximately 55% of Ethiopian land is arid to semi-arid [2] and,
hence, drylands are one of the major agro-ecological zones found in this country [2,3]. In
these areas, people depend heavily on natural resources [4,5], and on services provided by
ecosystems and agro-ecological systems [2]. Indeed, the majority of the people derive their
livelihood from agriculture combined with extensive livestock breeding and the use of a
variety of natural products [3]. Among these services, non-timber forest products (NTFPs)
play a vital role [6]. In total, 88 valuable species producing NTFPs have been recorded
in the dryland forests of Ethiopia [6]. If they are managed wisely, NTFPs can provide a
sustainable stream of income and subsistence products while supporting other economic
activities via the provision of ecosystem services [7].

Tamarindus indica L. (family Fabaceae) is an indigenous NTFP-producing tree species
that is found in sub-Saharan Africa [8-10]. In Ethiopia, Tamarind are found in Combretum—
Terminalia and Acacia—Commiphora woodlands vegetation types [8]. Tamarind has an eco-
logical and economic significance [11]. Ecologically, it is important because it can grow
well under a wide range of soil and climatic conditions and, hence, is found in semi-
arid areas, low-altitude wooded grassland, savannah, and bushlands [11] and also found
along streams and riverbanks [8]. Tamarind can also grow at altitudes ranging from 0 to
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1500 m above sea level (m asl) with an annual temperature range of 20-33 °C and annual
precipitation range of 350-2700 mm [8]. The extensive root system of the Tamarind tree
contributes to its resistance to drought and wind. Thus, Tamarind is potentially suitable
for future reforestation or restoration of moisture-deficient arid and semiarid areas [12].
Economically, Tamarind is important because its fruit has a wide range of domestic and
industrial uses [13]. In Ethiopia, the fruit is used for food and medicinal purposes by local
communities [14]. In addition, rural people sell Tamarind fruit in local markets to generate
income to supplement the household economy [15].

Despite the benefits that can be derived from the management and proper conservation
of Tamarind trees, the progressive forest land-use change, particularly the conversion of
forest lands to agricultural fields of crops in dryland areas of Ethiopia, has imposed pressure
on Tamarind trees [6,14]. This land-use change has had a serious impact on the Tamarind
tree population, because it depends on natural regeneration [16]. Furthermore, the available
information generally lacks adequate quantitative analysis for the development of economic
opportunities based on local resources such as Tamarind trees as an alternative to excessive
import of exotic products [17]. Although some studies have been undertaken to investigate
the fruit, morphological characteristics, and use of Tamarind in different localities in
Ethiopia [14,16], the species is still inadequately characterized. Thus, studying how land-
use influences the population structure of Tamarind trees might help us to develop effective
conservation strategies in accordance with the needs of the local population. In particular,
a better understanding of Tamarind dimensional structure could be used as the basis
for strong management decisions if this is combined with information about the species
spatial distribution [18], patterns of use and harvesting [19,20]. Furthermore, given the
contribution of Tamarind fruit to the livelihoods of rural people in Ethiopia, an evaluation
of potential yields and important tree parameters that influence fruit production are
imperative to enable further improvement and management of this tree.

In this study, we assessed the population patterns and dendrometric characteristics of
Tamarind trees growing on farmland and bushland-use types in the Dello Menna district,
Bale zone, Southeastern Ethiopia. We hypothesized that land-use type affects the density
and population pattern of Tamarind trees in the studied district. In this sense, as this
species provides a highly appreciated fruit, the farmers try to conserve some Tamarind
trees to cover this demand. Thus, our expectation was to find a higher number of these
largest-size Tamarind trees in farmlands when comparing with bushlands due to the lack
of competence with other bushes and trees. In addition, we expected to find a gap between
regeneration and midterm-size trees, since the seedlings are frequently removed after the
rainy period when the farmers prepare the soil for new cultivation. We also hypothesized
that the dendrometric characteristics such as crown structure and number of branches of
Tamarind trees would vary between the two land uses and, in turn, that such variation
would have an impact on the fruit yield of Tamarind trees. Thus, the specific aims of
this study were to assess the stand status of T. indica, fruit production and dendrometric
variables by comparing the farmland and bushland-use types. The information generated
from this study provides baseline information that can be used to promote the conservation
and sustainable use of Tamarind trees and other valuable wild edible tree species under
different land-use types in Ethiopia and could also assist other countries with valuable
wild trees that are facing similar issues due to land-use change.

2. Materials and Methods
2.1. Description of the Study Area

The study was conducted in the Dello Menna district (between 5°53’ N and 6°27' N
and between 39°15’ E and 40°38’ E) in the Bale zone of Oromia regional state, Southeastern
Ethiopia (Figure 1). Dello Menna is 800 to 2000 m asl and characterized by bimodal rainfall.
The main rainy season occurs from early March until the end of June, followed by a shorter
rainy season from late September until the end of November. Therefore, there are five
dry months in this area: i.e., January, February, July, August, and December. The mean
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annual rainfall is 986 mm, and the mean annual temperature is 22.3 °C. The average annual
rainfall and temperature of the study area during the year (2019) of data collection were
1113.67 mm and 21.26 °C, respectively, indicating that the rainfall amount was good during
this period of time. The study area has a plain topography with a few areas of rugged
and mountainous terrain. Nitisol is the dominant soil type in this area [21], ranging from
a reddish-brown clay toward the higher altitudes and tending to form a reddish-orange
sandy soil toward the lower altitudes. Rocky outcrops are prevalent along streams and
steeply sloping hills. The inhabitants of the area are primarily Oromo. They practice
a mixed farming system involving livestock and subsistence agriculture, which is the
main livelihood of the rural community [22]. Coffee, bananas, and papayas are the main
perennial cash crops. Teff, sorghum, and maize are the main annual crops cultivated
by farmers.
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Figure 1. Map showing the location of the study area, the Dello Menna district, in the Oromia region
of Southeastern Ethiopia.

2.2. Vegetation Inventory and Data Collection

Woody vegetation characteristics, such as species composition, density, and size
structure, were measured by placing transects across the two major land-use types in the
study district, namely farmland and bushlands in 2019. For this purpose, we used the
point-centered quarter (PCQ) method, a “plot-less” sampling technique, at points along
transects across the sampled areas [23]. The transect direction was determined randomly
by selecting a bearing from the center of each land-use system, with another transect
perpendicular to the first transect (i.e., two cross-cutting transects at 90 degrees). A series
of points 100 m apart were systematically located along each transect. A total of 25 and
29 sampling points were used for farmland and bushland-use types, respectively. At every
sampling point, four quadrants (90 degrees) were created using the transect line and a
line perpendicular to it. The measurement and recording of species in each quadrant was
carried out in two stages. Firstly, the T. indica that was closest to the sampling point in each
of the four quadrants was selected (all sizes were sampled, i.e., seedlings, and mature trees)
and then its distance from the central point was recorded. Tree diameters above the basal
swell were also measured. Secondly, any woody plant species closest to the sampling point
within each of the four quadrants were selected, and the distance from the central point
and the tree diameter was recorded. The names of all species registered in the quadrants
were noted to determine the species composition.
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2.3. Fruit Yield Estimation

The productivity of each Tamarind tree in terms of fruit yield was measured using
the harvesting method described by Sundriyal and Sundriyal [24]. In total, 27 individual
fruit-producing Tamarind trees in each land-use type were randomly selected [25]. The
total number of branches and the number of fruit-bearing branches were also recorded
during the fruit-harvesting period, as described by Cunningham [25]. To obtain an accurate
record of the number of fruit produced per tree, Tamarind fruit were counted when fully
matured [26] (i.e., when pods had turned from green to brown) but before the fruit had
fallen or been eaten by wild animals. The number of fruit on each terminal branch was
determined by either standing on the ground to count fruit hanging down below the canopy,
or by climbing the tree to count those in the canopy, or by using a ladder to count those
at the top of the crown. Fruit numbers and their weight were recorded for each terminal
branch separately and summed for each branch and then the total for each tree obtained
by summation. In addition, tree dendrometric variables such as height, diameter at breast
height (DBH), crown diameter, and number of branches were recorded [27]. Crown surface
area, crown volume, and crown depth were estimated using the measurements obtained
for the other dendrometric variables. The DBH was measured using a diameter tape and
total height was measured using a Suunto Clinometer. The crown diameter was measured
using a cross-method, where the length of the longest spread from edge to edge across the
crown and the longest spread perpendicular to the first cross-section through the central
mass of the crown were measured. The crown diameter is the average of these two lengths.
The number of branches on each tree was also counted in the field.

2.4. Data Analysis

To assess the impact of land use on the Tamarind tree species, we compared vari-
ables relating to population structure, dendrometric characteristics, and fruit yield. Data
analyses were performed using Statistical Package for Social Sciences (SPSS) version 23.
Data were log-transformed when needed to achieve the parametric criteria of normality
and homoscedasticity necessary for analysis of variance. Differences between the two
land-use types for the different variables were evaluated using one-way analysis of vari-
ance (ANOVA). The relationship between fruit yield and individual tree attributes was
determined through multinomial classification model approach. The models were fitted
to the responses to predict the probabilities of the different possible outcomes of fruit
yield categories [28]. The analysis used total fruit yield categories as a dependent variable,
whereas combinations of dendrometric characteristics were used as explanatory variables.
We grouped the response variables as tree size (DBH, height), crown structure (crown
diameter, crown depth, crown surface and crown volume) and tree branches (number of
branches). For each dependent variable, fruit yield was divided into yield categories (very
low, low, high and very high yield) [29]. Then, we combined all the possible combinations,
and as a result, we compared the Akaike Information Criterion (AIC) values to select
the most suitable model for each studied system. For a given data set, the smaller the
AIC, the better the model [30]. Once we obtained the best variable combinations, the
model allowed us to predict the probability of the fruit yield for a particular multinomial
discrete categorical choice. Coefficients of each model were used to estimate the fruit yield
categories of Tamarind trees.

The Crown Surface Area (CSA) estimated using the formula CSA = 2nirh and Crown
Volume (CVol) estimated using the formula CVol = 2/3 (nr?h), where 7 = 3.14, r = crown
radius and h = the crown depth, which is calculated from the lower side of the crown from
tree height. This is now included in the text of the methodology part and the change is
highlighted in the text. The crown depth is a parameter used to calculate the crown volume
and surface area of individual trees by subtracting the height to the lower side of the crown
from tree height.

The population structure of Tamarind trees in both land-use types was assessed by
analyzing size class diameters using tree density data collected from PCQ [23,31]. Five
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diameter classes were used in this assessment: seedlings (recently regenerated); 1 to 10 cm;
11 to 20 cm; 21 to 30 cm; and >30 cm.

i Determination of total distances between trees and sampling points.

ii. The average distance of the sampled tree from the point, d, was calculated.

iii. The mean area was determined using the formula mean area = (d)?.

iv. The absolute density of all tree species (trees per ha) was calculated: absolute
density = mean area/10,000 m?.

V. The formulas Fa = Na/n and Fr = (Fa/¥XFai)*100% were used to determine the

absolute and relative frequency, respectively, where:

- Fais the absolute frequency of the target species;

- Na is the number of points where at least one individual species occurs;
- nis the total number of sampling points;

- Fris the relative frequency of the target species; and

- XFaiis the sum of absolute frequencies of all the species in a transect.

vi. The relative density of Tamarind was determined by dividing the total number of
Tamarind trees by the total number of trees and is expressed as a percentage [23].

3. Results
3.1. Species Composition, Densities, and Stand Structure

In total, 16 woody tree species belonging to nine families and 12 genera were recorded
during the survey of the study area (Table 1). The most prevalent families were the
Fabaceae (five species), followed by the Combretaceae (three species), and Malvaceae
(two species). These three families represented 53% of the recorded trees, whereas the
remaining 47% of families were represented by only a single tree (Table 1). In addition to T.
indica, Dobera glabra was also identified on farmland as an edible fruit tree that was utilized
by local communities in the study area. When considering all the trees recorded in each
of the land-use types, we found significant differences in the diameter class distribution
(p < 0.05; Figure 2A). Significantly more trees in the 1-10 cm and 11-20 cm diameter classes
were found in bushland than on farmland. However, significantly more regeneration
(i.e., seedlings) (p = 0.02) and trees with a diameter greater than 30 cm were found on
farmland than in bushland (p = 0.035; Figure 2A). The total population status of all the
trees recorded for the two land-use types is shown in Figure 2A.

Analysis of the T. indica population revealed that a significantly greater number of
mature Tamarind trees were recorded in bushland than on farmland (F = 10.59, p = 0.01;
Figure 2B; Table 1). However, a significantly greater number of Tamarind trees with a DBH
of >30 cm (F = 1.69, p = 0.046) and more regeneration (F = 7.21, p = 0.021) was observed on
farmland than in bushland. The average DBH of trees on farmland was 58.78 &+ 23.71 cm
and seedling density was 15.81 £ 2.04 seedlings per ha (Figure 2B). However, no Tamarind
trees in the 1-10 cm, 11-20 cm, and 21-30 cm diameter classes were recorded on farmland
(Figure 2B). There was no significant difference in Tamarind tree height (p > 0.05) between
the two land-use types. The total population status of T. indica trees for the two land-use
types is shown in Figure 2B.
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Table 1. Densities of woody tree species growing on farmland and bushland in the study area in
Dello Menna, Southeastern Ethiopia.

Density (Trees ha—1)

Species Family

Farmland Bushland
Acacia etbaica Schweinf. Fabaceae 3.95 £ 0.012 2.00 £ 0.001
Acacia mellifera (M. Vahl) Bentham Fabaceae - 1.55 + 0.010
Acacia senegal Willd. Fabaceae 3.95 £ 0.012 10.82 + 0.024
Acacia tortilis (Forssk.) Hayne Fabaceae 98.79 £ 0.095 26.27 £0.024
Carissa edulis (Edgew.) Benth. Apocynaceae - 1.54 4+ 0.007
Combretum molle R.Br. ex G.Don Combretaceae - 2.00 £+ 0.010
Commiphora baluensis Jacq. Combretaceae - 26.27 £ 0.07
Dobera glabra (Forssk.) Juss. ex Poir. Salvadoraceae 15.81 + 0.035 7.73 + 0.011
Euclea racemosa L. Ebenaceae - 1.55 + 0.007
Grewia bicolor Juss. Malvaceae - 1.55 £ 0.001
Grewia villosa Willd. Malvaceae - 1.54 £ 0.007
Lannea schimperi (A. Rich.) Engl. Anacardiaceae - 3.09 £ 0.008
Ochna inermis (Forssk.) Schweinf Ochnaceae - 1.55 £ 0.005
Tamarindus indica L. Fabaceae 23.71 £ 0.050 35.54 4+ 0.049
Terminalia polycarpa Engl. & Diels Combretaceae - 1.56 & 0.001

Note: the number of stems per hectare includes both mature trees and regenerated seedlings. Values shown are
means =+ standard deviation.

b
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Figure 2. Size class distribution (based on diameter at breast height, DBH) of all tree species (A), and of the Tamarindus

indica tree (B) on farmland (dark-gray bars) and in bushland (light-gray) in Dello Menna, Southeastern Ethiopia. Error bars

indicate the standard deviation of the mean. Values with the same letter within each size class are not significantly different.

3.2. Tamarind Fruit Yield and Dendrometric Variables

There was a significant difference in Tamarind fruit yield and dendrometric variables
between the two land-use types (Table 2). Estimated variables such as number of fruit,
fruit yield per tree, DBH, and crown diameter of Tamarind were significantly higher for
trees on farmland than in bushland (p < 0.05) (Table 2). Unlike this, the height and slender
ration were greater for the bushland-use type (Table 2). A greater number of fruit were
obtained from trees on farmland than in bushland, with a mean value of 4343 on farmland,
ranging from 1485 to 8569 fruit per Tamarind tree, and an estimated mean annual yield of
537.05 kg. The mean number of fruit from trees in bushland was 2537, ranging from 1500
to 3500 fruit per tree. The individual fruits weight did not show significant differences
(p > 0.05) between the two land-use types (Table 2).
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Table 2. Dendrometric variables (+ standard deviation) of Tamarindus indica trees for two land-use
types in the study area, Dello Menna district, Southeastern Ethiopia.

Land-Use
Tree Characteristic F-Value p-Value
Farmland Bushland

Diameter (cm) 52.22 + 8.43 30.56 + 13.31 51.08 0.0000
Height (m) 9.78 £ 1.78 16.30 £ 5.13 38.82 0.0002

Tree slender ration 0.23£0.12 0.95 £ 0.36 93.28 0.0000
Crown diameter (m) 10.26 £+ 1.48 418 £0.93 4.02 0.0000
Number of fruit per tree 4343 £ 1996 2537.04 + 615.13 20.17 0.0001
Individual fruits weight (g) 26.02 £1.19 22.74 £ 6.21 1.57 0.2158
Fruit yield (kg) per tree 537.05 &+ 255.16 172.81 £ 62.82 51.78 0.0000

When correlating variables with Tamarind fruit yield, we found strong correlations
between fruit yield and variables such as the number of fruit (0.94) and the number of
branches (0.54) (p < 0.01; Figure 3A) for trees growing in bushland. A moderate correlation
of yield and crown diameter (0.40) was also observed among trees growing in bushland
(Figure 3A). The correlation of crown volume, crown surface area, and DBH with Tamarind
total yield was weak for trees growing in bushland (Figure 3A). However, there was a
strong correlation between fruit yield and variables such as number of fruit (0.80) and
fruit yield (0.67) for trees growing on farmland (p < 0.001; Figure 3B). A moderate corre-
lation (0.45) was also observed between fruit yield and the number of branches (p < 0.05;
Figure 3B). Details of correlations between different dendrometric and production variables
for Tamarind trees growing on the two land-use types are shown in Figure 3.
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Figure 3. Scatter plot matrices showing correlation coefficients between tree variables and significance levels for Tamarind
trees growing in bushland (A) and on farmland (B) in the Dello Menna district, Southeastern Ethiopia. Abbreviations: DBH,
diameter at breast height; Crown_diam, crown diameter; Crown_cdt, crown depth; Crown_vol, crown volume; Crown_surf,
crown surface area; Num_branches, number of branches; Num_fruits, number of fruit. On the bottom of the diagonal,
bi-variate scatter plots with a fitted line are displayed. On the top of the diagonal, the value of the correlation is shown, plus
the significance level of the p-values, which are indicated by red asterisks. p-values: ***, <0.001; **, <0.01; and *, <0.05.
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3.3. Prediction Models to Estimate Fruit Yield of Tamarind

Different dendrometric parameters from the tree size, crown dimensions and tree
branches groups were used to fit the model in order to predict the Tamarind fruit yields from
the farmland and bushland-use types (Table 3). The dendrometric parameters identified as
best from each group were tested in different combinations (16 combinations) to identify
the best classification model that included one tree parameter from each group to predict
the fruit yield (Table 3).

Table 3. Combination of results fitted multinomial classificatory models to fruit yield of Tamarindus indica trees for two

land-use types in the study area, the Dello Menna district, Southeastern Ethiopia.

Tree Size Crown Dimensions Tree
Land-Use Branches AIC
Type
P DBH Height D(i:;;’n";’:‘er CDre";‘t’}‘l‘ Cvol CSA NB
Farmland 1 1 1 60.30
Farmland 1 1 1 57.18
Farmland 1 1 1 57.17
Farmland 1 1 1 57.17
Farmland 1 1 1 59.56
Farmland 1 1 1 63.18
Farmland 1 1 1 62.45
Farmland 1 1 1 62.29
Bushland 1 1 1 87.74
Bushland 1 1 1 88.80
Bushland 1 1 1 88.66
Bushland 1 1 1 88.62
Bushland 1 1 1 88.73
Bushland 1 1 1 88.98
Bushland 1 1 1 89.19
Bushland 1 1 1 89.19

Note: DBH: diameter at breast height, Cvol: crown volume; CSA: crown surface area, NB: number of branches and AIC: Akaike

Information Criterion.

Four classificatory models (Table 4), three from the farmland-use type and one from
the bushland-use type, were selected to predict the fruit yield based on their AIC values
(Table 3). The parameters from each group (tree size, crown dimensions, and tree branches)
were tested in different combinations to identify the best model that potentially included
one tree parameter from each group (Table 4). DBH, crown diameter, crown volume, crown
surface area and number of branches were used to predict Tamarind fruit yield from the
farmland-use type models, while DBH, crown diameter and number of branches were used
for bushland-use type model. In the farmland-use type models, the sign of the coefficients
were positive in all of the three fruit yield potential categories (high, low and very high),
which indicates that, as the number of parameters increases, total Tamarind fruit yield
also increases. Thus, the average fruit yield would increase for every 1 unit increase in the
number of tree parameters used in the models for Tamarind trees growing in farmlands of
the study area.



Life 2021, 11, 408

90f13

Table 4. Tamarindus indica fruit yield production (kg ha~!) multinomial classificatory models based on yield category for

the two land-use types in the study area, Dello Menna district, Southeastern Ethiopia.

Land

Tree Size Crown Dimensions

Model Yield Category Intercept Nbr
Uses DBH H Cdr Cdt  Cvol  CSA
High 41.6988 —0.4059 - - 3.4148 - - —0.9906
1 Farmland low 31.0819 —0.4160 - - 4.5007 - - —0.4235
Very high 0.7668 0.5824 - - —2.5525 - - —5.5457
High 39.2695 —0.3716 - - - 0.2177 - —0.8997
2 Farmland low 30.0463 —0.4041 - - - 0.3275 - —0.3404
Very high 1.8206 1.2428 - - - —2.7251 - —4.6551
High 38.8419 —0.3674 - - - - 0.0714 —0.8877
3 Farmland low 29.6071 —0.4000 - - - - 0.1080 —0.3276
Very high 1.2811 0.8070 - - - - —0.2852 —5.1273
High —2.1487 0.0053 - 0.3524 - - - —0.0777
4 Bushland low 2.4140 0.1327 - —0.9756 - - - —0.1184
Very high —3.0593 0.0837 - —0.6959 - - - 0.2844

Note: DBH: Diameter at breast height, H: height, Cdr: crown diameter, Cdt: crown depth, Cvol: crown volume, CSA: crown surface area

and Nbr: number of branches.

4. Discussion

To sustainably use and conserve the forest, we need to identify the potential species
present and analyze their stand status and production potential, including harvesting
level [32]. In this study, a total of 16 woody tree species were associated with the two
land-use types studied. Fabaceae was the most dominant family, which is similar to the
findings of other studies in the same area [33,34]. This may imply that the environmental
conditions in this area are more favorable for species belonging to this family than to
other families [34]. The analysis also confirmed that land use impacts woody vegetation,
particularly the distribution of T. indica in the study area. The density of Tamarind trees
was much higher in bushland than in farmland. However, large trees were predominantly
growing on farmland, which supports previous findings by Djossa et al. [35], who reported
that trees growing on farmland were significantly larger but lower in density than in
bushland. This might be because agricultural areas are still farmed in fairly traditional
ways and, thus, the overall tree density is low because of regular cropping [36]. However,
the condition of these old trees will likely have long-term consequences for the continuity
of trees on farmlands, specifically Tamarind trees, and in the long-run, may even lead to
population collapse. Thus, the establishment of management plans to create stands that
have a more balanced age structure and, thereby, ensure the continuity of the Tamarind
population on farmland, is necessary in this study area.

Dobera glabra was found in association with T. indica on farmlands in the study area.
We observed that farmers deliberately retain vital edible fruit trees on their farmlands.
Such trees could play a vital role in food security, because their fruit are generally collected
for subsistence use by local communities [16,37-39]. Furthermore, trees on farms perform
important ecological functions, including the provision of soil nutrients [40]. Thus, fruit
trees found on farmland in the study area might provide both ecological and social services;
however, further empirical studies are needed to verify this assumption. In this regard, the
social services included the production of food, fuel, fiber, and other harvestable goods [41].
Also, the cultural services such as recreational, aesthetic, spiritual, and other nonmaterial
benefits could be included as the social benefits of farmland trees [42]. Similarly, the
ecological services could include the fundamental processes necessary for the production
of other services, including soil formation, nutrient cycling and photosynthesis [42].

Although many tropical fruit trees do not have a large world market, their products
still have considerable importance in local and national economies and are harvested
by rural populations for local consumption and commercialization on a small scale [43].
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In this study, the productivity (i.e., the number of fruit per tree and fruit yield/mass)
of T. indica significantly varied between the two land-use types, with higher levels of
productivity recorded for trees growing on farmland than in bushland. Although fruit
yield varies seasonally, the number of fresh fruit and the yield per Tamarind tree on
farmland was 42% and 64% higher, respectively, than that in bushland. Although the
seasonal variation of the yield is usually related with the environmental conditions, the
effect may vary with plant species [17]. These results are consistent with the findings of
other studies that wild edible trees on farms produce more fruit than unmanaged trees
in woodlands [44,45]. Such significant differences in fruit yield under different land-use
types might be attributable to differences in environmental variables, such as soil type,
landforms, and moisture content [46]. For example, the study on fruit production of T.
indica across three different ecological regions in Benin indicated that Tamarind trees tend
to invest in a small number of very large fruits under wetter conditions and a very large
number of small fruits under dryer conditions, indicating the effect of ecological conditions
such as temperature and rainfall on the productivity of Tamarind fruits [17]. The level
of tree management on farmland has also been reported to significantly influence the
degree of competition among trees for available resources such as nutrients [45] and, thus,
the productivity of trees in terms of fruit weight and size [44]. Thus, in this study the
higher fruit yields from farmland compared with bushland implies that Tamarind trees
could benefit from improved management on farms such as hoeing, weeding and reduced
competition with other trees [47]. However, although Tamarind trees may tend to produce
a large number of high weight fruit under farmland conditions, the majority of the sampled
trees produced between 2000 and 5000 fruit per trees. This may indicate that T. indica trees
growing on farmland have undergone intentional selection owing to local communities
removing less-productive trees from farms, suggesting that fruit yields could be further
improved through deliberate selection of superior yielding trees from farmland types in
the study area. Thus, further surveys of trees on farmland should be carried out to identify
superior germplasm that could be used to play a vital role in enhancing fruit production as
part of the domestication process of this species.

The relationship between fruit yield per tree and tree dendrometric parameters was
expressed by multinomial classification model. The model with grouped dendrometric
parameter predictor such as tree size, crown structure and tree branches yielded reliable
equations with the lowest AIC values. In order to increase the practical usefulness of the
model and to avoid large errors in the estimation of Tamarind fruit yield, models with one
dendrometric parameter predictor from each group were chosen. The identified model
allowed an accurate fruit yield estimation obtained from the farmland- and bushland-
use types of the study area. In this regard, the models holding the combination of DBH,
crown diameter, crown volume, crown surface area and number of branches were used
to predict Tamarind fruit production from the farmland-use type, while the parameters
of the DBH, crown diameter and number of branches were used to develop models for
bushland-use type. Similar types of studies have also concluded that the chosen tree param-
eters best predicted the fruit yield of Vitex trees under different land-use conditions [47],
whereas other studies have suggested that DBH measurements better estimate fruit yields
of Baobab [48] and Vitex trees [27] using a linear regression models. However, the tree size,
crown structure and number of branches of Tamarind trees are affected by environmental
and geographical factors such as rainfall, temperature, latitude and longitude, and soil
conditions [49,50], which directly affect the accuracy of the models when used for fruit
estimation in other places than the study area. Thus, the use of site-specific model may
be recommendable for more accurate fruit yield estimations of Tamarind trees. On the
other hand, the tree slenderness often serves as an index of tree stability, or the resistance
to wind throw [51], although the likelihood of wind throw of a tree may be also influenced
by different interacting factors. In this study, the result indicated that the tree slenderness
value of the bushland-use type is higher than that of the farmland, indicating that the
higher slenderness occurs for the trees with higher height length and smaller diameter
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distributions. The smaller slenderness is usually indicating a higher resistance to wind
throws. Thus, tree treatments, such as producing long-crowned trees, and maintaining
appropriate stand density through spacing, thinning, or gradually harvesting over story
trees, can be helpful in reducing the risk of wind throw of the farmland-use Tamarind trees
in the study area. In this study, the correlation of dendrometric parameters suggested that
under enhanced management, Tamarind trees in both land-use types could achieve better
yields and structure. However, since T. indica can be grown in a diverse dryland area of
Ethiopia, a comprehensive study considering management and germplasm selection is
required to validate the equation developed in this study.

5. Conclusions

This study highlighted the population status of T. indica trees under two types of
land-use in Dello Menna, Southeastern Ethiopia. We have also provided useful preliminary
information on the variation in fruit yield in Tamarind of the two land-use types. Overall,
there were a higher number of seedlings and large sized Tamarind trees per hectare on
farmland than in bushland, indicating that matured trees are well preserved on farmlands.
However, we could not find tree size classes between seedling and mature trees on farm-
land, whereas well-structured tree size classes were observed in bushland. This situation is
likely to have long-term consequences for the population continuity of Tamarind trees on
farmland in the long run. Thus, management plans to develop meaningful stand structures
on farmland need to be established to ensure the continuity of the Tamarind population
in the studied area, either by planting new Tamarind seedlings in specific plots sites or
by conserving some of the existing seedlings during the preparation of the soils for new
cultivation. Although higher Tamarind fruit yields were obtained from trees growing on
farmland than in bushland in the Dello Menna district, the majority of farmland trees
produced <5000 fruit per tree.

Classificatory models revealed that, among the tree size variables, DBH was more
suitable to predict the fruits yield category than the height of the trees. Similar results
were observed for crown related variables such as crown depth, crown volume and crown
surface in the farmlands, whereas crown diameter provide the best results in the bushlands.
Finally, the number of branches was always significantly related, as we expected, with the
yield classification. Thus, the obtained models indicated that the fruit yields of Tamarind
trees could be improved through management under different tree size, crown structure
and tree branch category. Furthermore, the yield improvement can be done through
deliberate selection of higher fruit yielder trees, taking into consideration that Tamarind
could grow in more diverse dryland areas in Ethiopia. These strategies might also lead
to the development of a sustainable fruit supply in rural areas for commercialization or
subsistence use. The findings from this study provide baseline information that could
be used to promote the conservation and sustainable uses of valuable wild edible tree
species such as Tamarind under different land-use types in Ethiopia. The application of
this baseline information is immense and could also assist other developing countries with
valuable wild edible trees that are facing similar issues due to land-use change. However, as
the present study was based on single-year data, several years of monitoring are needed to
precisely model the yield production, taking into consideration the environmental variables
such as soil, rainfall, temperature, together with tree genetic variation and inter-annual
variation in fruit yield in order to understand the Tamarind productivity better in the
study area.
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Resumen

Senegalia senegal (L.) Britton es una especie de arbol, propia de tierras secas, que produce goma
arabiga, un producto de valor comercial. Sin embargo, este recurso esta infrautilizado (poco aprovechado)
en las zonas secas de Etiopia. El objetivo de este estudio fue evaluar el estado de la poblacion y la
produccion potencial de goma de S. senegal que crece en rodales naturales en la Zona Sur de Omo,
Etiopia. Se establecieron 45 parcelas de muestreo, cada una de 20 x 20 m, a intervalos de 500 m a lo
largo de los transectos, con subparcelas de 1 m2 ubicadas dentro de las parcelas principales para
determinar la regeneracion. Los arboles de S. senegal con un diametro a la altura del pecho de entre 2y
12 c¢m fueron los més prevalentes. Cuarenta y dos especies de arboles se asociaron con S. senegal, de
las cuales 16 eran especies productoras de goma y resina. S. senegal se asocid positivamente con
Vachellia tortilis, Senegalia mellifera, Vachellia nilotica, Commiphora edulis y Dobera glabra. Senegalia
senegal comprendia aproximadamente el 35% de los arboles en regeneracion. La producciéon maxima de
goma arabiga obtenida fue de 3948 g arbol. Los modelos lineales de variables dendrométricas indicaron
que la produccion de goma arabiga se predice mejor por el didmetro del arbol que por la altura. A pesar
de las limitaciones de esta encuesta pionera, el estado de la poblacion y el potencial de produccion
sugieren que la goma ardbiga podria producirse y comercializarse de manera sostenible en rodales
naturales de S. senegal en las areas de tierras secas estudiadas, proporcionando a las comunidades
locales ingresos estacionales suplementarios.

Palabras claves: Comercializacion; goma y resina; Gum arabiga; Senegalia senegal; bosque; resinar
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Abstract: Senegalia senegal (L.) Britton is a multi-purpose dryland tree species that produces gum
arabic, a commercially valuable product. However, this resource is underused in Ethiopian dryland
areas. The aim of this study was to evaluate the population status and potential gum yield of S. senegal
growing in natural stands in South Omo Zone, Ethiopia. Forty-five sample plots, each measuring
20 x 20 m, were established at 500 m intervals along transects, with 1 m? subplots located within the
main plots to determine regeneration. S. senegal trees with a diameter at breast height of between
2 and 12 cm were most prevalent. Forty-two tree species were associated with S. senegal, of which
16 were gum- and resin-producing species. S. senegal was positively associated with Vachellia tortilis,
Senegalia mellifera, Vachellia nilotica, Commiphora edulis, and Dobera glabra. Senegalia senegal comprised
approximately 35% of regenerating trees. The maximum gum arabic yield obtained was 3948 g tree 1.
Linear models of dendrometric variables indicated that gum arabic yield is better predicted by tree
diameter than by height. Despite the limitations of this pioneer survey, the population status and
yield potential suggest that gum arabic could be sustainably produced and commercialized in natural
stands of S. senegal in the studied dryland areas, providing local communities with supplementary
seasonal incomes.

Keywords: commercialization; gum and resin; gum arabic; Senegalia senegal; stand; tapping

1. Introduction

Forests in dryland areas are a crucial part of the livelihoods of the people that live
in these areas worldwide [1,2], while supporting other economic activities through their
ecological services and functions [3,4]. If managed properly, dryland forests have the
capacity to provide a perpetual stream of non-timber forest products (NTFPs), such as gum
and resin, edible plants, wild fruit, medicinal plants, fuelwood, and mushrooms, providing
households with food and medicine [5,6]. In addition, sales from NTFPs can provide
households with supplementary seasonal incomes [7], especially in times of dwindling
economic activities, such as low crop productivity and drought [5,8].

Only 15.7% of Ethiopia is covered by forest [9]. Despite this, the county is rich
in bio-diverse forest resources. Nine broad vegetation types are recognized based on
climate, vegetation formation (physiognomic and habitat groupings), and associations
(species composition/structure) [10]. Among these, dry forests cover some 55 million
ha in Ethiopia, and are the largest vegetation resource in the country [10]. These forests
are rich in Acacia, Boswellia, and Commiphora species [11,12], which provide important
export commodities such as gum arabic, frankincense, and myrrh [11,12]. These products
provide an important source of cash income for rural people and are the most important
export commodities produced by the forestry sector in Ethiopia [13]. However, dryland
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forests are continuously shrinking due to the expansion of agricultural lands and human
settlements and are suffering from severe degradation due to anthropogenic pressures [10].
Furthermore, despite their important socio-economic and ecological benefits, dry forests are
poorly managed and receive no proper silvicultural treatment or attention and, hence, are
highly fragmented, have little natural regeneration, and are degraded in terms of species
composition and productivity [10]. Thus, the challenges and threat of biodiversity loss
persist. Furthermore, the unmonitored exploitation of these dryland regions could have a
long-lasting and potentially irreparable effect on the forest ecosystem, as well as on the
livelihoods of rural communities [14].

Senegualia senegal (L.) Britton is a multipurpose tree species that is grown in dryland
areas of Ethiopia, providing socioeconomic and ecological benefits [15]. Natural stands of
this species are dominantly found in Acacia—Commiphora woodlands in the western and
southern lowlands of Ethiopia [12,15]. The species is highly valued for its production
of gum arabic from trunks, branches and twigs [16]. Gum arabic has a wide range of
technological applications in the food, pharmaceutical, and cosmetic industries [16,17] and,
hence, is considered a very important economic resource worldwide [18]. Senegalia senegal
is also ecologically important because it improves soil fertility and is widely used to control
desertification [19]. This species is therefore potentially suitable for future reforestation
or restoration efforts in moisture-deficient arid and semi-arid areas [19,20]. Furthermore,
S. senegal trees also provide wood for use as fuel and local construction materials, as well
as leaves and pods, which are used as livestock fodder. In addition, the nitrogen-fixing
ability of S. senegal trees makes them highly suitable for use in agroforestry systems, where
they are grown in combination with agricultural crops [17].

Like forest resources in other parts of Ethiopia, dryland forests in the South Nation,
Nationalities and People Region (SNNPR) are subject to increasing pressure [4,10]. Defor-
estation in this area is driven by rapid population growth and the consequent clearance of
forests for cropland expansion and by overgrazing [21], which seriously affects the popula-
tion and regeneration of valuable tree species such as S. senegal [22]. Although some studies
have investigated the growth performance, gum yield [17], and socioeconomics [4,11]
of this species, S. senegal populations in different parts of Ethiopia are still inadequately
characterized. Managing dry forests so that they can produce a range of NTFPs, such as
gum and resin, even to a certain extent in combination with forest-compatible uses such
as livestock grazing [11], is considered critical for their continued viability as a source
of crucial resources in dryland areas of Ethiopia. Based on these considerations, the Na-
tional Forests Sector Development Program of Ethiopia (NFSDPE) has devised a strategy
to conserve and develop the country’s forest resources, with the aim of increasing the
proportion of Ethiopia covered by forest from 15% to 20% by 2028 [9]. This strategy also
aims to enhance the production and utilization of various NTFPs, such as gum and resin,
by undertaking surveying, mapping, and investigations of the resource base and assessing
their potential for commercial utilization in dryland areas [9]. Thus, to conserve, manage
and use the existing S. senegal stands in the South Omo Zone, it is crucial to understand the
current population structure, density, and natural regeneration of this species. Furthermore,
the conservation and sustained management of S. senegal stands appears to depend largely
on the benefits that rural households receive from this species. Thus, an estimation of
gum arabic yield potential and an understanding of important factors that influence gum
production is imperative. Such information could be used to devise management strate-
gies [23] and subsequently provide adequate information for setting appropriate harvest
levels based on the status of the species [24,25]. With this goal in mind, the objectives of
this study were: (1) to assess the species diversity associated with S. senegal trees and the
current status and demography of S. senegal trees; (2) to evaluate the gum arabic yield
potential of S. senegal trees; and (3) to evaluate the dendrometric variables associated with
S. senegal gum production in South Omo Zone, SNNPR, Ethiopia. The information gath-
ered in this research could help to safeguard the longevity and the proliferation of valuable
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NTFP-producing tree species in lowland areas, as well as the livelihoods supported by
these resources, both in the study area and country-wide.

2. Materials and Methods
2.1. Description of the Study Area

The study was conducted in the Bena Tsemay district of the South Omo administrative
zone in south-west Ethiopia in the SNNPR (Figure 1). The district is located between
5.11°-5.70° N and 36.20°-37.04° E [26], with average temperatures ranging from 10.1 °C
to 27.5 °C and a mean annual rainfall ranging from 400 to 1600 mm. The study area is
characterized by bimodal rainfall: the first rainy season occurs from mid-March to the end
of April, which is important for crop production; a second short rainy season occurs from
mid-October to the beginning of November, which is important for pasture production.
The study area is 500-1500 m above sea level (m asl) [26]. The dominant vegetation types
are mixed, the Combretum—Terminalia and Acacia—Commiphora woodlands, which are used
as rangelands and common property resources of the whole community [27].
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Figure 1. Map of the Bena Tsemay district showing the location of the study area, South Omo Zone,
Southern Nations Nationalities and People’s Region, south-west Ethiopia.

2.2. Vegetation Inventory and Data Collection

Prior to the vegetation survey, a reconnaissance survey was undertaken in order
to obtain an impression of the vegetation and topographic features in the study area.
Vegetation data were collected in sample quadrants placed along transect lines, which
were laid out systematically [28]. A total of 45 plots, 20 x 20 m in area, were laid out along
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10 transect lines based on the concept of minimal area [29]. Plots were laid out every 500 m
along transect lines, which were laid 400 m apart. All woody plant species, including trees
and shrubs, were recorded in the 20 m x 20 m quadrants, whereas seedlings were counted
in 1 m X 1 m subplots that were subjectively placed within the main plots [30,31]. All plant
species were counted at an individual level within each main plot and subplot. Height
and diameter at breast height (DBH) measurements were recorded for any woody plant
species with a height > 1.5 m and a DBH > 2 cm. Individual plant with a height < 1.5 m
and a DBH < 2 cm were counted [32]. Height and DBH measurements were obtained using
a clinometer and a diameter tape, respectively. Plants < 1.5 m in height were measured
using calibrated sticks [32]. Every plant species encountered in each plot was recorded
using their scientific name. Vernacular names were also recorded whenever possible. For
those species that were difficult to identify in the field, plant specimens were collected,
pressed and then taken to the Ethiopian Environment and Forestry Research Institute for
taxonomic identification. Published volumes of the Flora of Ethiopia and Eritrea [33,34]
were used to identify plant specimens.

2.3. Gum arabic Yield Estimation

Gum production from S. senegal was evaluated on a per tree basis using the harvesting
method [17,35]. Thirty-six individual S. senegal gum-producing trees growing in the study
area were randomly selected. The selected trees had an almost uniform diameter. They
were tagged and tapped with a “sunki” axe to yield strips of relatively similar depth, width,
and length. Gum was harvested from each tree in January and February. The gum yield
from each harvest was collected in a separate labeled paper bag and weighed using a
high-precision balance after drying at room temperature. The total yield data for each tree
was obtained by summation.

2.4. Data Analysis

The population structure of S. senegal was shown using frequency histograms to depict
the diameter classes and the number of seedlings [32]. All individuals of each species
encountered in the quadrants were arbitrarily grouped based on their diameter into 5-cm di-
ameter classes (<2 cm, 2-7 cm, 7-12 ¢cm, 12-17 cm, 17-22 cm and >22 cm) [36,37]. Frequency
was determined based on the number of plots in which the species was recorded [29]. Den-
sity was calculated based on the number of individuals of each species per unit of area [32]
using Equation (1).

Density /ha = <Z?_ 1 i) x 25 D)

where d is the number of stems/plot and n is the number of plots. Gum yield (kg) per
hectare and year was calculated by multiplying the mean S. senegal stem density per
hectare calculated above with the mean yield (kg/tree/year) (Equation (2)) following
Dejene et al. [31]. Mean gum yield was obtained from previous studies of S. senegal [38].

Gum yield/ha = (Z?: 1 (i) x 25) x (y (kg/tree x year)) )

where d is the stem density/plot, n is the number of plots, and y = is gum yield per tree
and year.

The association between the number of S. senegal trees and the number of other vas-
cular tree species in the study area was assessed through matrices showing correlation
coefficients and their significance levels using libraries “Hmisc” and “corrplot” in R [39].
The relationship between gum yield and individual tree attributes was determined through
linear regression. The power of regression equations was seen by their R-values. Coeffi-
cients of each equation were used to estimate the gum yield of individual trees. Data were
analyzed using R software [39].
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3. Results
3.1. Species Composition and Size Structures

Forty-two tree species belonging to 26 genera and 13 families were recorded in wood-
land in the study area (Table 1). The majority of the species (83%) belonged to one of six
families: the Fabaceae (14 species), Burseraceae (ten species), Malvaceae (four species),
Combretaceae (three species), Anacardiaceae (two species), and Capparaceae (two species).
The other seven families were represented by only a single species (Table 1). Sixteen tree
species, including seven species of Commiphora, five species of Acacia (in the genus name of
the Vachellia and Senegalia), and two species of Combretum, were identified as sources of
either commercial gum and resins or adulterants. The genera Sterculia and Boswellia were
each represented by one species. In terms of tree density, S. senegal had the fourth highest
density (41 individual stems ha~1), thus accounting for 7% of stems. The most prevalent
species in the study area were Boswellia neglecta (91 individual stems ha~!) and the gum-
and resin-producing trees Boscia coriacea (70 individual stems ha~') and Commiphora africana
(55 individual stems ha=') (Table 1).

Table 1. Density (individual stems ha~! with a DBH > 2 cm) of trees and percentage of each tree species recorded in

woodland in the study area, South Omo Zone, Ethiopia.

No. Species Family Density (ha—1) (%) GR
1 Acokanthera schimperi (A.DC.) Oliv. Fabaceae 1 0.17
2 Albizia schimperiana Oliv. Fabaceae 40 6.29
3 Annona senegalensis Pers. Annonaceae 3 0.42
4 Balanites aegyptiaca (L.) Delile Zygophyllaceae 14 2.27
5 Berchemia discolor (Klotzsch) Hemsl. Rhamnaceae 2 0.25
6 Boscia coriacea Pax Capparaceae 70 10.99
7 Boswellia neglecta S.Moore Burseraceae 91 14.35 X
8 Combretum aculeatum Vent. Combretaceae 4 0.67 X
9 Combretum molle R.Br. ex G.Don Combretaceae 2 0.25 X
10 Commiphora africana (A.Rich.) Endl. Burseraceae 55 8.64 X
11 Commiphora boranensis Vollesen Burseraceae 26 4.03 X
12 Commiphora bruceae Chiov. Burseraceae 14 2.27 X
13 Commiphora cyclophylla Chiov. Burseraceae 5 0.84 X
14 Commiphora edulis (Klotzsch) Engl. Burseraceae 24 3.78 X
15 Commiphora erythraea (Ehrenb.) Engl. Burseraceae 3 0.50
16 Commiphora myrrha (Nees) Engl. Burseraceae 15 2.35 X
17 Commiphora schimperi (O.Berg) Engl. Burseraceae 31 4.95
18 Commiphora terebinthina Vollesen Burseraceae 16 2.52 X
19 Dalbergia melanoxylon Guill. & Perr. Fabaceae 2 0.34
20 Dichrostachys cinerea (L.) Wight & Arn. Fabaceae 3 0.42
21 Dobera glabra (Forssk.) Juss. ex Poir. Salvadoraceae 5 0.76
22 Euphorbia tirucalli L. Euphorbiaceae 4 0.59
23 Faidherbia albida (Delile) A.Chev. Fabaceae 3 0.42
24 Grewia bicolor Juss. Malvaceae 23 3.69
25 Grewia tenax (Forssk.) Fiori Malvaceae 21 3.27
26 Grewia villosa Willd. Malvaceae 36 5.71
27 Lannea schimperi (Hochst. ex. A. Rich.) Engl. Anacardiaceae 24 3.78
28 Maerua angolensis DC Capparaceae 3 0.50
29 Morus mesozygia Stapf Moraceae 3 0.42
30 Piliostigma thonningii (Schum.) Milne-Redh. Fabaceae 3 0.42
31 Sarcocephalus latifolius (Sm.) E.A.Bruce. Rubiaceae 2 0.25
32 Sclerocarya birrea (A.Rich.) Hochst. Anacardiaceae 3 0.42
33 Senegualia brevispica (Harms) Seigler & Ebinger Fabaceae 3 0.42
34 Senegalia mellifera (M. Vahl) Seigler & Ebinger Fabaceae 10 1.51 X
35 Senegualia senegal (L.) Britton Fabaceae 41 6.54 X
36 Sterculia africana (Lour.) Fiori Malvaceae 7 1.17 X
37 Terminalia brownii Fresen. Combretaceae 3 0.42
38 Vachellia oerfota (Forssk.) Kyal. & Boatwr. Fabaceae 2 0.25
39 Vachellia nilotica (L.) PJ.H.Hurter & Mabb. Fabaceae 8 1.26 X
40 Vachellia seyal (Delile) P.J.H.Hurter Fabaceae 2 0.34 X
41 Vachellia sieberiana (DC.) Kyal. & Boatwr. Fabaceae 2 0.34
42 Vachellia tortilis (Forssk.) Galasso & Banfi Fabaceae 7 1.17 X

Note: Abbreviation: GR, gum- and resin-producing tree species. The genus names of Vachellia and Senegalia are also known as Acacia.



Sustainability 2021, 13, 11671

6 of 12

Most of the S. senegal trees were found in the 2-7 cm and 7-12 cm diameter classes
than in the larger diameter classes. However, the number of S. senegal trees in all diameter
classes was significantly lower than that of the total vegetation. The total population
status of S. senegal and of all the trees recorded is shown in Figure 2A. A comparison of
the diameter classes of the three most common gum- and resin-producing tree species
indicated that there was a significantly greater number of B. neglecta trees in the 2-7 cm
diameter class than of S. senegal (p < 0.0001) or C. africana (p = 0.009) (Figure 2B), whereas
the number of S. senegal and C. africana trees was not significantly different (p = 0.661).
Furthermore, in the 7-12 cm diameter class, there were significantly fewer S. senegal trees
than there were of the other two species (p < 0.05). However, in diameter classes with a
DBH > 12 cm, the number of trees of each species did not differ significantly (p > 0.05)
(Figure 2B).

(A)

L

= Whole vegetation ® Senegaiir senegal

Number of trees per ha

ol TP
20 L 1:a b
L O
10 ?
- BB . N . .

2-Tem T-12em 12:17em  17-22em  2lem 2-Tem 7-12em 12-17cm 17-2cm  >2%em
Diameter class distribution

Figure 2. Diameter class distribution of the whole vegetation (A) and of Senegalia senegal trees (B) and
of the three most prevalent gum- and resin-producing tree species in the study area (South Omo
Zone, Ethiopia). Bars represent the standard deviations of the mean. Values with a different letter
within a diameter class are significantly different (p < 0.05).

In the vegetation composition of the study area, Senegalia senegal was positively
associated and coexisted mainly with Vachellia tortilis (cor = 18%; p = 0.02), Senegalia
mellifera (cor = 17%; p = 0.025), Vachellia nilotica (cor = 14%; p = 0.03), Commiphora edulis
(cor = 18%; p = 0.02), and Dobera glabra (cor = 21%; p = 0.01) tree species. The associational
relationships of the S. senegal with other vascular tree species is provided (Figure 3).

3.2. Regeneration Status

We assessed the natural regeneration of the 42 vascular tree species growing in the
study area; however, seedlings of only ten species were found (Figure 4), indicating
that the regeneration of the other 32 species was hampered by various factors. Among
the 10 regenerating tree species, S. senegal seedlings were the most abundant (35.15% of
seedlings), followed by Grewia bicolor (22.65%), and Commiphora edulis (18.75%), with the
other seven regenerating tree species making up 23.44% of the seedlings (Figure 4).

Among the five gum- and resin-producing tree species showing natural regeneration,
S. senegal seedlings were the most abundant, followed by Commiphora edulis. Together,
these two species accounted for approximately 75% of the natural regeneration of gum-
and resin-producing tree species, with the other three species making up approximately
25% of the seedlings.
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Figure 3. Correlation matrix visualizing relationships of the most prevalent vascular plants found
in the study area and their relationship with the target tree species (Senegalia senegal). Positive
correlations are displayed in blue and negative correlations in red. Color intensity and the size of the
circle are proportional to the correlation coefficients. On the right-hand side of the correlogram, the
legend color shows the correlation coefficients and the corresponding colors. The size of the circle
indicates the magnitude of the relationship.

80 -

Seedling density ha-1

Tree species

Figure 4. Seedling density (individuals ha~!) of regenerating tree species in the woodland in the
study area, South Omo Zone, Ethiopia. Bars represent the standard deviation of the mean. Values
with a different letter are significantly different (p < 0.05).
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Yield

Gum yield = 10.24 + (DBH = 0.03)
Adjusted R2=21.48%
pvalue = 0.006

A)

3.3. Gum Arabic Yields and Prediction Models

Among the gum-producing S. senegal trees, the highest yield obtained from harvests
in January and February was 3948 g tree ™! whereas the lowest was 266 g tree”!. The mean
gum yield per tree for the harvests in January and February differed significantly (F = 12.62;
p =0.001), with a higher yield obtained in January (1496 g trees!). The mean stem density
of S. senegal trees with a diameter > 2 cm was 41 stems ha~! (Table 1) and the mean gum
yield was 2063 g trees ! year!. Based on these findings, we estimate that a mean gum
arabic yield of approximately 190 to 84,578 g ha~! year~! could be expected from two
harvests (January and February).

A linear model of the dendrometric variables indicated that gum arabic yield per
S. senegal tree could be predicted by diameter (p < 0.05) rather than by height. Regressing
gum yield against the diameter and height yielded the equations in Figure 5. The R2 value
of the diameter indicated that the model fits the data well and that tree diameter could
explain 21.48% of the variation in gum arabic yield. The sign of the coefficient for the
diameter was positive, which indicates that as tree diameter increases, gum yield also
increases. Thus, the average gum yield would increase for every one unit increase in the
diameter of S. senegal trees.

Gum yield = 7.352 + (H x 6.391 x 10-%)
Adjusted R2=3%

pvalue=0.89
. (B) L]
. L]
° . L]
. . o
4 .
.
:
< L] . .
L] . a L]
L]
L]
DBH Height

Figure 5. Linear regression models of observed and predicted values of gum arabic yield based on (A) diameter at breast

height (DBH) and (B) height of Senegalia senegal trees growing in the study area, South Omo Zone, Ethiopia. Blue circles

represent the observed gum yield, the black lines indicate the line fit plots and the dark-gray areas indicate the 95%

confidence intervals.

4. Discussion

Forests in lowland areas in developing countries are important resources with the
potential to provide services to rural communities [40]. In Ethiopia, dry forest is the largest
remaining type of forest vegetation and more than half (52%) of the country is covered
with dryland vegetation, including open canopy forests, wooded savannas, and scrub
grasslands [41]. These forests are rich in Acacia, Boswellia, and Commiphora tree species
that provide important commodities such as gum arabic, frankincense, and myrrh, respec-
tively [10,42]. In this study, we identified 42 vascular plant species, of which 16 species
(38%) were gum- and resin-producing tree species, which were considered the most useful
trees. The number of gum- and resin-producing species recorded in this study appears to
be higher than that reported to date from other dryland agro-ecologic zones in Ethiopia.
For example, only Senegalia senegal and Vachellia seyal were reported as gum- and resin-
producing tree species in a survey of the central Rift valley woodlands of Ethiopia [43].
Other studies of the northern part of Ethiopia have reported Boswellia papyrifera, S. senegal,
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V. seyal, and Sterculia setigera as the main sources of gum and resins [12]. In general, our
findings suggest that the South Omo Zone supports more gum- and resin-bearing species
than other parts of the country and, hence, there is a greater opportunity for the commer-
cialization of different NTFPs in the form of gum, resin, and myrrh [4,42]. Apart from gum-
and resin-bearing tree species, we also found some important wild tree species with edible
fruit, such as Dobera glabra, which could play a vital role in food security in dryland areas
because this fruit is generally collected for subsistence use by local communities [5]. Con-
sistent with other studies, the presence of these valuable tree species among the vegetation
of the study area suggests that this forest resource could enhance the livelihoods of local
communities through income generated from the various NTFPs [11,32].

Previous studies of gum production have involved stands of S. senegal trees with a
diameter > 4 cm [17]. In this study, we sampled trees with a diameter > 2 cm because
Yebeyen [43] reported that these trees are considered to be sufficiently mature for gum
production purposes. The average density of S. senegal trees with a diameter > 2 cm
was 41 stems ha~! (37% of S. senegal stems in the study woodland), which is lower than
that reported in other areas of Ethiopia. For example, Yebeyen [43] reported 12-209
S. senegal trees ha~! in the rift valley areas of Ethiopia. Similarly, Dejene et al. [31] reported
211 trees ha~! in Abderafi district in north west Ethiopia. The higher density of S. senegal
in both these areas might be because the vegetation is dominated by S. senegal trees in
these areas. In our study, S. senegal was mainly found in association with Vachellia tortilis,
Senegalia mellifera, Vachellia nilotica, C. edulis, and D. glabra. Most of these species have
a wide, dense crown that is umbrella-like and flat-topped [15]. Tree dimensions and
structure are of great importance in natural and managed forest ecosystems because they
can influence the resource retention capacities of individual trees and, hence, affect their
growth and survival [44]. Thus, trees with a dense umbrella-like crown, together with
aspects such as the capacity of the forest soil to retain water or rainfall, might limit the
number of individual plants per area that can grow under this type of tree and, hence, the
overall composition of the vegetation in the ecosystem. Despite the comparatively low
density of matured S. senegal trees in the study woodland, there is a sufficient number
of S. senegal trees and associated gum- and resin-producing tree species to support the
launch of a commercial gum arabic and resin-harvesting enterprise in the study area. In
addition, the regeneration status of S. senegal is good compared with that of other species
found in the study area, possibly reflecting the abundant seed production of S. senegal and
their contribution of seeds to the soil seed bank [45]. The thorny nature of S. senegal might
also help seedlings to escape the browsing effects of cattle [31], which might indicate that
S. senegal trees are a sustainable resource in this study area.

The average gum arabic yield from tapped trees in this study was 2060 g tree~ !, with
yields ranging from 266 g to 3948 g trees ! in a two-month period, indicating a high level of
variation in gum yields among individual trees. Although information on gum yield from
different provinces is scarce, our findings agree with those of a similar study conducted
in Ethiopia. Alemu et al. [17] showed that gum yield from a managed plantation of
S. senegal trees could provide on average 96 g per two months of harvesting. Furthermore,
a study performed in the Abderafi area, where the woodland is dominated by S. senegal
trees (211 stems ha~!), estimated that 190 to 422 kg ha~! year~! of gum arabic could be
harvested, which could be worth approximately $US 950 to 2110 ha~! year~! [31]. The
yield estimated in this study is based on two harvests in January and February, which may
be a more intensive period of tapping compared with those of other studies, which may
have resulted in a lower annual gum yield per hectare in our study area compared with
that of other studies. However, taking the overall average gum arabic yield of 2060 g per
individual tree and dividing it by 16 tapping seasons, the overall average yield /tree/season
would be 129 g per season. Therefore, the predicted yield that could be obtained from
the S. senegal trees in our study is greater than that predicted by Dejene et al. [31] and
Alemu et al. [17] for natural and plantation forests, respectively.
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The relationship between gum yield per tree and tree parameters was expressed using
linear regression models. The model based on S. senegal DBH measurements enabled an
accurate estimation of gum yield from the study area woodlands. However, previous
studies have indicated that gum yield not only depends on stem diameter but also on
the tapping intensity, number of tree branches, direction of tapping and season [16,17].
Furthermore, all these tree parameters are affected by environmental and geographical
factors such as rainfall, temperature, latitude and longitude, and soil conditions [46,47],
which might have a direct impact on the accuracy of the models. Our model based on DBH
measurements provides new insights regarding the potential commercial development of
gum arabic production in dryland areas as an off-farm activity to supplement the household
economy of local communities together with the other associated gum- and resin-producing
tree species. However, further models that include more ecological variables should be
developed to extrapolate this potentiality to other understudied areas. Furthermore, the
findings from this preliminary study could be used to estimate the gum arabic yield per
tree and season in natural stands in the study area. Yield assessments should also be carried
out for several seasons to determine the best tapping time/dates.

5. Conclusions

This study highlighted the population status of Senegalia senegal trees in a dryland area
of South Omo Zone, SNNPR, Ethiopia. In addition, we have provided useful preliminary
information on gum yield and a model based on S. senegal DBH measurements as a
predictor for potential gum yield by this species. However, further modeling studies are
needed to incorporate environmental and geographical factors that affect tree parameters
to determine whether these factors influence the accuracy of the yield model. Further yield
assessments should be carried out for several seasons to determine the best tapping time.
Overall, there is a good level of regeneration and the diameter distribution of individual
S. senegal trees indicates that most are mature enough to be tapped. This indicates that gum
arabic harvesting could be started in this area if appropriate management activities are
applied. Thus, this study provides baseline information that could be used for planning
future economic development in the study area based on the use of NTFPs, mainly gum-
and resin-production, through considering the multiple uses of gum- and resin-producing
species. The findings from this study also provide baseline information about gum yield
that could be used to promote the protection, conservation, planting, taping, or commercial
use of the S. senegal trees in South Omo Zone, Ethiopia. The gum yield data could be used
to estimate gum arabic yields per S. senegal tree per year in the study area at different
density levels and could also be used to assist other developing countries with valuable
but underutilized trees like S. senegal that produce NTFPs. However, before gum arabic
production can begin, management plans need to be established for natural forests to ensure
the continuity and sustainability of gum arabic production, either by limiting production
levels or the number of stems in different DBH classes that can be tapped.
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