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Abstract Foods from wild or farmland trees/shrubs in drylands constitute an important component of food supply in the
form of fruits, seeds and other edible parts which are essential for food security. Indigenous trees/shrubs are good source of
fodder as grasses dry out quickly due to short rainy season. The domestication of important indigenous trees/shrubs (fruits
and fodder species) and their integration in agroforestry practices have been one of the most important forms of biodiversity
conservation. The selection, retention or deliberate planting and management of trees by farmers can be considered as the
beginning of the domestication process of the species. The study was carried out in Tigray region, Northern Ethiopia to assess
the domestication process of indigenous fruit and fodder trees/shrubs and to analyze their potential in contribution to food
security. Line transect method was employed and systematically laid plots along transects were used to make an inventory of
trees in cropland, pasture and backyards. The diversity and population of fruit and fodder species in forests were assessed for
comparison with data collected from the agricultural landscapes. The species diversity (richness and evenness) was estimated
using different biodiversity indices. The results showed that forest sites have highest fruit and fodder tree/shrub species
diversity as compared to other land uses which suggest that domestication process of fruit and fodder trees has been slow with
focus on only few trees. A focused questionnaire survey revealed that Opuntia ficus-indica, Ziziphus spina-christi, Mimusops
kummel and Prunus persica are the species intentionally retained/planted for their fruit while Faidherbia albida, Acacia
nilotica, Ziziphus spina-christi and Becium grandiflorum are maintained for their fodder.

Keywords Domestication, Food security, Biodiversity, Species diversity, Agroforestry

support income and nutritional security [3]. Despite the
1. Introduction variety, importance and richness of foods from indigenous
trees and shrubs in Africa, progress has been very slow in
designing and implementing measures to increase the
contribution of wild plants to food production and food
security [1]. Several investigations indicated that most of the
indigenous fruits in Africa are harvested from wild sources
(forest, woodland, riverine) [3-4]. Tree domestication is the
naturalization or cultivation of tree species to improve their
use by people that involves selection of desired trees or genes
and converting those trees or genes into the growing trees,
which are harvested as a renewable resource [5].
Domesticating agroforestry trees involves accelerated and
human-induced evolution to bring species into wider
cultivation through a farmer-driven or market-led process.

In dryland areas, there is a frequent failure of agricultural
crops and grasses due to low rainfall and lack of moisture.
Indigenous trees and shrubs which yield fruit and fodder are
an alternative that can support the livelihood of the people.
Food from wild or farmland trees/shrubs in drylands
constitutes an important component of food supply which is
essential for food security. Trees and shrubs contribute to
food security directly in the form of fruits, seeds and other
edible parts or indirectly by maintaining and restoring soil
fertility and water resource which subsequently increase
agricultural production [1]. Indigenous trees/shrubs are good
source of fodder in dryland areas as grasses dry out in a short

period of time due to short rainy season [2]. In 1992, modern agriculture’s rejection of the traditionally
There are many indigenous trees and shrubs that could be important tree species was recognized by a most significant

integrated into dryland farming system in dryland regions 0 jUFRO conference held in 1992 “Tropical trees: The
Potential for Domestication and the Rebuilding of Forest
Resources” at Edinburgh, UK [6]. Out of that meeting came
Published online at http://journal.sapub.org/ije a global research initiative to domesticate some important
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in the tropics. The initiative was led by the International
Centre for Research in Agroforestry (now known as the
World Agroforestry Centre) and the tree domestication
program (TDP) was begun in 1995 [7]. This programme
aimed at improving the quality and yield of products from
traditionally important species that used to be gathered from
forests and woodlands. In addition to meeting the everyday
needs of local people, these products are widely traded in
local and regional markets. Underutilized crops and trees
therefore have the potential to become new cash crops for
income generation and to counter malnutrition and disease
by diversifying staple food/ food energy sources and dietary
uptake of micro-nutrients that boost the immune system
among others. These indigenous tree species also play an
important role in enhancing agro-ecological functions and
can help to counter climate change through carbon
sequestration.

The domestication of important indigenous trees/shrubs
(fruits and fodder species) and integration in agroforestry
system have several benefits beside their food and fodder
supply. However, studies on the domestication process (the
species locally selected, the level of domestication) of the
indigenous fruit and fodder tree/shrub species are lacking in
Tigray region of Ethiopia specifically in the study area. The
overall objective of this study is to assess domestication
process of indigenous fruit and fodder trees/shrubs species
and to analyze their potential in contribution to food security.
The result of this study will provide a baseline data and
records for researchers to conduct a further study on the site
requirements, genetic variability, propagation methods,
nutritional properties and utilization, and commercial
potential of the species. As this study helps to indicate the
potential of fruit and fodder trees/shrubs in the contribution
of food security, it lays a foundation for foresters and food
security organization to take action in the conservation and
production of the species; promote local people in the
management and utilization of the species.

2. Materials and Methods

2.1. Study Site Description

The study was carried out at Enda Mekhoni Woreda,
southern zone of Tigray region, northern Ethiopia (Fig.1).
The site was selected based on frequent occurrence of
drought in the area. The study area is geographically located
between latitude 12°42°13” to 12°46°21>> N and longitude
39°30°20° to 39°38°47°" E and at an elevation ranging from
1200 to 1800 masl. The mean minimum and maximum
annual rain fall of the study arca are 642 and 987 mm,
respectively. The rainfall of the area is bimodal with the
small rain (short rain season) occurs mainly between March
to May, and main rain (long rain season) covering the whole
area and occurs from June to September (Fig.2). This pattern,
however, is extremely variable with sometime of no rain fall
during the short rain fall season.
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Figure 1. Study Site: Enda Mekhoni Wordea, Tigray Region, North
Ethiopia
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Figure 2. Average Monthly Rainfall (mm) of Study Area in the past 20
Years

2.2. Sampling

Two-stage sampling was used to select the sample
households, forest land use and agricultural land use. First
two adjacent Tabias were purposely selected from a total of
22 available Tabias in the woreda due to availability of forest
land use adjacent to agricultural land uses in the Tabias. The
Tabias are: Genet and Tsiga’a. In the next stage, households
and plots of agricultural land uses and forest land uses were
sampled.

2.3. Fruit and Fodder Tree/ Shrub Species Assessments

An inventory was carried out in different landscapes to
assess the indigenous fruit and fodder tree/ shrub species
diversity and their population. Transect lines were laid out in
the Tabias to assess the fruit and fodder tree/shrub species
growing on cropland, and backyards (homegarden). Three
transect line with 1 km interval were laid out in which 20
plots of cropland and 16 plots of homegardens were used
along transects. On average, the size of each cropland plot
was 440 m” while each homegarden plot was 240 m”. The
diversity and population of fruit and fodder tree/ shrub
species in forests were assessed for comparison with data
collected from the agricultural landscapes. The forests used
in this study are patch of forests found around church, along
rivers, and exclosures. Data was collected from 22 plots of
100 m’ size in forest land that was systematically laid out
along transects. The distance between the sample plots and
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transect lines were 150 m apart (exclosure). Species whose
fruits are edible and those consumed by animals were
identified by local people (key informants) and recorded. It is
less likely to get woody species from small plots of
agricultural land uses of similar size as that of the natural
forest. Similar approach was also adopted by Nikiema [8] for
the comparison of woody species diversity between crop
fields and protected forest in Burkina Faso. Most species
were identified in the field. When identification was difficult
in the field, vernacular names were recorded and
identification was carried out using literatures.
Nomenclature follows Flora of Ethiopia (Volume 3, 4 part 1,
and volume 5). The vernacular name was used in cases
where it was difficult to identify the species.

2.4. Tree and Shrub Diversity

The species diversity (richness and evenness) was
estimated using different indices: species richness(S),
Shannon-Wiener Diversity Index (H), and equitability index.
Species richness is the total number of species in the
community [9]. This index does not indicate the relative
proportion or abundance of a particular species on the farm.
Therefore, the Shannon-Wiener Diversity index [10] and
Measure of Evenness (J) were used.

s
Shannon - Wieners Diversity Index (H) = — z (P)(log Pi) (1)
i=1

Where, s = number of species; P; = proportion of species i
in the community

Usually, Shannon diversity index place most weight on
the rare species in the sample [9]. It is also moderately
sensitive to sample sizes [11]. Values of the diversity index
(H) usually lie between 1.5 and 3.5, although in exceptional
cases, the value can exceed 4.5 [12]. Although as a
heterogeneity measure, Shannon diversity indices take into
account the evenness of abundance of species, it is possible
to calculate a separate additional measure of evenness. The
ratio of observed Shannon index to maximum diversity
(Hmax = In S) can be taken as a measure of evenness (J) [9],
[11-12].
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Equitability (Species Evenness)J =

Where S = Number of species found when all sample plots
are pooled

The higher the value of J, the more even the species is in
their distribution within the sample [12].

2.5. Similarity Index

Similarity indices measure the degree to which the species
composition of different systems is alike. Sorensen similarity
coefficient is applied to qualitative data and is widely used
because it gives more weight to the species that are common
to the samples rather than to those that only occur in either

sample [12].
2a

Sorensen Coefficient of Similarity § = athic
! a+b+c

A3)
Where a = number of species common to both samples,

b = number of species in sample 1,

¢ = number of species in sample 2,

The coefficient is multiplied by 100 to give a percentage.

2.6. Socio-Economic Survey

A focused questionnaire survey was administered to a
sample of randomly selected 60 senior people (age > 45)
from the Tabias comprising 53 males and 7 females. The aim
of the interview with older people is to obtain feasible and
primary data on the uses, collectors, consumers, time of
collection, and the most widely used species and the
managements of the species for indigenous fruit and fodder
tree/shrub species. Data from socio-economic survey were
interpreted, synthesized and presented in Tables and Figures.

3. Results

3.1. Fruit and Fodder Trees/Shrub Species Diversity

In the study area, a total of 35 indigenous fruit and fodder
trees/shrub species were identified representing 18 families
in which 2 species are only used as most common edible
fruits while 11 species are used for animal feed only.
Majority of the species (62.9%) recorded by the help of key
informants are commonly consumed by human and animals.
The total number of fruit/fodder species recorded (i.c.,
species richness) on agro-ecosystem and forest land of the
study sites are indicated in the Table 1.

Table 1. Species Compositions at different Landuse and Species Richness
pattern: Common Species Number at different Landuse

Site Cropland Homegarden Forest Land
Cropland 21 15 19
Homegarden 21 18
Forest Land 32

The Shannon-Weiner diversity index was high in the
natural forest followed by cropland, which is associated with
the high evenness in the abundance of species in the natural
forest as compared to the cropland and homegarden (Table
2). Simpson diversity index exhibited similar trend as that of
Shannon-Weiner diversity index.

Table 2. Diversity Indices of Woody Species at Enda Mekhoni, Tigray,
North Ethiopia

Landuse Shannon-Wiener Species
Diversity Index Evenness
Cropland 2.35 0.773
Homegarden 2.093 0.687
Forest Land 2.793 0.806

3.2. Similarity in Species Composition

The result of current study showed that 71.4% of the
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species recorded from homegarden also found in cropland,
90.5% of species found in cropland also found in forest land
and 85.7% of the species recorded in homegarden also
observed in forest land (Table 1).

The Sorensen coefficients of similarity showed highest
similarity in fruit and fodder tree/shrub species composition
between crop field and forest land followed by between
cropland and homegarden (Table 3).

Table 3. Sorensen Similarity Percentage in Woody Species Composition at
Enda Mekhoni, Tigray, North Ethiopia

Site Cropland Homegarden Forest Land
Cropland 100 71 72
Homegarden 100 68
Forest Land 100

3.3. Species Abundance

Opuntia ficus-indica is an abundant fruit and fodder
species in crop land, home garden and forest land use (Table
4). It is also frequent species in crop field while Euphorbia
tirucalli and Acacia etbaica are frequent in home garden and
forest land use respectively (Table 5).

Table 4. Abundance of fruit/fodder tree/shrub species by rank

Rank Cropland % Homegarden %
Opuntia Opuntia
! ficus-indica 26.70 ficus-indica 40.00
2 Euphorbia tirucalli | 22.62 | Euphorbia tirucalli | 22.11
Faidherbia albida Faidherbia albida
3 (Acacia albida) 1041 (Acacia albida) 379
4 Acacia nilotica 6.79 Cordia africana 4.74
5 Acacia abyssinica 5.88 Acacia abyssinica 3.68
Rank Forest Land %
Opuntia
! ficus-indica 2275
2 Acacia etbaica 13.03
Faidherbia albida
3 (Acacia albida) 8.53
4 Acacia nilotica 6.87
Acacia abyssinica 5.21
Table 5. Species frequently observed at different land use in Enda
Mekhoni, Tigray, North Ethiopia
Rank Cropland % Homegarden %
1 Opuntia 14.95 | Euphorbia tirucalli | 18.82
ficus-indica
Faidherbia albida Opuntia
2 (Acacia albida) 14.02 ficus-indica 1647
3 Euphorbia tirucalli | 11.21 Acacia etbaica 9.41
o Faidherbia albida
4 Acacia nilotica 9.345 (Acacia albida) 8.23
5 Acacia abyssinica 8.41 Acacia abyssinica 5.88
Rank Forest Land %
1 Acacia etbaica 10.09
Faidherbia albida
2 (Acacia albida) 017
3 Acacia nilotica 8.72
Opuntia
4 ficus-indica 7.80
5 Acacia abyssinica 7.34

3.4. Species Preference

Based on the species preference of the respondents, top
fruit and fodder tree/shrub species are identified and
indicated in Table 6.

Table 6. Fruit and fodder tree/shrub species preferred at Enda Mekhoni,
Tigray, North Ethiopia

Rank Fruit Species Preferred | Fodder Species Preferred
1 Opuntia ficus-indica ngzi;jl:[gsga
2 Ziziphus spina-christi Acacia nilotica
3 Mimusops kummel Ziziphus spina-christi
4 Prunus persica Becium grandiflorum
5 Balanites aegyptiaca Acacia seyal
6 Ximenia americana Grewia bicolor
7 Cordia africana Balanites aegyptiaca

3.5. Collectors and Users

According to the respondents about 79.2 % of fruits are
exclusively collected by children from their sources and
20.8% of fruits are collected by adults. Among the fruit
tree/shrub species identified only about 33.3% are consumed
by all age group.

3.6. Domestication Process of Fruit/fodder trees/shrubs

The selection, retention or deliberately planting and
management of trees by farmers can be considered as the
beginning of the domestication process of the species. Out of
the fruit/fodder trees/shrubs identified in the area only few of
them are managed by the farmers for fruit/fodder. According
to the respondents (91.67), Opuntia ficus-indica, Ziziphus
spina-christi, Mimusops kummel and Prunus persica are the
species intentionally retained/planted for their fruit. The
same proportion of the respondents explained that
Faidherbia albida, Acacia nilotica, Ziziphus spina-christi
and Becium grandiflorum are maintained for their fodder.

According to the explanation of farmers they do not
retain/plant trees from forest origin due to several reasons viz.
lack of water, shortage of land, low income, slow growth and
lack of availability of seedlings (Fig. 3).
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Figure 3. Factors that affect tree retention/planting by farmers
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4. Discussion

Highest diversity of fruit and fodder tree/shrub species
recorded in Enda Mekhoni woreda. This can be explained as
local people have the knowledge of the uses of indigenous
tree/shrubs. Although large number of fruit and fodder
tree/shrub species is mentioned through the present study,
only few species are highly preferred by all age group while
majority of the fruits are exclusively collected and consumed
by children. They have ranked these species for their
multipurpose function. Opuntia ficus-indica, Ziziphus
spina-christi, Mimusops kummel and Prunus persica are the
species intentionally retained/planted for their fruit while
Faidherbia albida, Acacia nilotica, Ziziphus spina-christi
and Becium grandiflorum are maintained for their fodder.
The reason for planting or maintaining highest diversity of
fruit and fodder tree/shrub species might be mainly to
support income and nutritional security. Farmers consider
trees of forest origin as slow growing and low income
yielding, so they are not willing to share the resources viz.
land, water, etc. for these trees and show less interest to
retain/plant these trees. Farmers consider different attributes
as criteria when deciding to retain/plant a specific tree
species. These attributes or purposes include income
contribution, food, fodder, fuelwood production,
construction materials (for fencing, housing and making
household utensil and farm implements), watershed benefits
(e.g., soil conservation), and shelter for animals. Farm
households will also plant tree species on the basis of
specific attributes such as fast growth, ability to protect
against winds, and so on. For instance, several study showed
that Faidherbia albida (Acacia albida) is retained or planted

by farmers for its fodder and environmental purposes [13-14].

Fruit/fodder resources are widely distributed in forests lands
than the off-forest habitats suggest that domestication of fruit
and fodder is still lacking in the study area. Many potential
trees/shrubs are present in nearby forest area but not yet
domesticated. This reveals the scope for the domestication of
these underutilized species in the study area. Even few trees
on crop land and homegarden are not intentionally managed
to improve or use the products for fruit and fodder
sustainably which imply that proper domestication of
fruit/fodder species is lacking. It is well known that farmers
need understanding and skills to domesticate and integrate
fruit and fodder trees/shrubs in to their farming systems [15].

Although not quantified exactly, trees/shrubs of the study
area contribute to food security by their fruit and fodder.
Children and women make money (hundreds of Birr a year)
by selling fruits of some tree/shrub species from wild source
and agricultural landscapes. The fodder species from
trees/shrubs are consumed by animals during dry season
suggests that trees/shrub species supplement animal feed
otherwise animals are sold with cheap price or suffer from
scarcity of grasses. Trees and shrubs fodder are the important
component of animal feed in dryland areas compared with
grasses [16] though many of them are not cultivated [17].
According to WAC [15] indigenous fruit trees have always

been important to the rural people. A survey in Malawi,
Mozambique and Zambia indicated that half of rural
households relied on indigenous fruits to sustain them during
critical period.

5. Conclusions

The result of the present study depicts that forest site has
highest fruit and fodder tree/shrub species diversity as
compared to other land uses. However, only few species are
managed for their fruit and fodder purpose. Farmers consider
different attributes as criteria when deciding to retain/plant a
specific tree species. Opuntia ficus-indica, Ziziphus
spina-christi, Mimusops kummel and Prunus persica are the
species intentionally retained/planted for their fruit while
Faidherbia albida, Acacia nilotica, Ziziphus spina-christi
and Becium grandiflorum are maintained for their fodder.
Many fruit/fodder tree and shrub resources are widely
distributed in forests lands than non-forest habitats which
suggests that there is a potential for domestication of fruit
and fodder trees or shrub species in the study area. The fact
that the lack of deliberate planting /retaining of fruit and
fodder shrubs/trees by farmers in the area may have been
caused by a lack of information on the economics of
production and the long term benefits to the overall farming
systems.

Based on the present findings the following points are
recommended:

e Fodder and fruit tree are recommended to be
incorporated with farming in different approach, on
pocket of land such as farm boundary and hedgerow in
crop land to for nutritional security and for improved
animal production.

e Researches on nutritional value, propagation, and
interaction of fruit and fodder species with annual crops
and qualitative economic analysis of the species are highly
recommended for the study area.

e Intervention on management and seedling production
in nursery is essential to accelerate the domestication
process in the study area.
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