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Abstract

Cordia africana (Lam.) is one of the
indigenous multipurpose tree species which is being
endangered and suffering a lot from overexploitation.
Nowadays agroforestry is taken as potential ecosystem for
counteracting extinction of this tree through providing
complementary habitat in Ethiopia. Therefore, this study
aimed to identify distribution and regeneration status of
Cordia africana tree in agroforestry practices with respect
to agroecologies and farmers wealth status. Selection of
respondents was done based on the wealth status of
households for tree inventory. The total households were
categorized into three main wealth categories as wealthy,
medium and poor. Accordingly, 72 households were
selected by taking three households randomly across
wealth categories from eight different villages. Then, tree
inventory was done from three different agroforestry
practices in each 72 households with big plot size of
20mx20m and 5mx5m nested subplots. The results of the
study revealed that mean stems of trees were significantly
higher (p<0.05) in enset- tree based agroforestry practice
followed by coffee-tree based practice in two
agroecological setting. The study also found that the
number of stems per plot and per hectare was significantly
higher (p=0.0001) in midland agroecology than lowland
agroecology. The results also showed that the mean stems

of trees were significantly higher (p<0.05) from rich wealth
classes in two agroecological settings. There is also
significant variation of regeneration status of Cordia
africana tree with respected to agroecology and different
agroforestry practices. Finally, the study suggests that
regeneration status of Cordia africana tree should be
assisted and facilitated for the sustainability of this
valuable tree species.
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1. Introduction
Integration of trees on farms are characteristic of a large
part of the Ethiopian agricultural landscape today, while
tree species management intensity and distribution varying
with agro-ecological conditions principally defined by
rainfall, altitude and soil type [16]. It is common for
farmers to manage natural regenerating multipurpose trees
within agricultural fields by protecting seedlings and
young trees, mostly native species that have germinated
from soil seed banks. From these native multipurpose tree
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species, Cordia africana (Lam.) (C.africana) is an
indigenous tree species which is extensively adopted and
managed by farmers, as a dominant feature of agricultural
landscapes in the sub-humid zone of Ethiopia [5].
C.africana (Lam.) is a deciduous tree which belongs to
the family of Boraginaceae and widely distributed on the
area with an annual rainfall of 700 - 2000 mm and at
altitudes between 550 - 2600 meters above sea level (masl)
from South Africa to Saudi Arabia and Yemen [15].
C.africana prefers regions with relatively high rainfall and
sufficiently warm climate. It can also grow under drier
climatic conditions, by minimizing its water consumption
through shading its leaves or by closing its stomata [21].
C.africana is native to Angola, the Democratic Republic
of Congo, Eritrea, Djibouti, Ethiopia, Guinea, Ghana,
Malawi, Kenya, Mozambique, South Africa, Sudan,
Tanzania, Uganda, Zimbabwe, Saudi Arabia and Yemen
[15]. In West Africa, this tree species is said to be restricted
to a habitat pertaining to cool and moist upland slopes
(montane) and submontane habitats. C.africana spread
widely in broadleaved Afromontane Rain Forests,
undifferentiated Afromontane Forests and in riverine
forests as well as in the western lowlands in Ethiopia. It can
also grown open places in the forest, forest edges, in forest
remnants around churches and other traditionally protected
areas, as isolated trees in grassland and cultivated fields [2].
Dry, moist and wet weyna dega agro-ecological zone are
areas where C. africana tree grows well in Ethiopia [7]. In
southern parts of Ethiopia farmers integrated, manage and
use it with coffee and enset in an effective agroforestry
system as shade tree that provides them with many useful
products and services [25].
The current distribution, populations and habitat of C.
africana was severely affected by deforestation,
fragmentation and selective logging [2]. Severe natural
forest destruction in Ethiopia has forced the tree to have
scattered rate in uneven natural forest, on farmlands, in
graveyards and church compounds particularly in the
northern part of the country [2]. It is evidently shown by its
scarce distribution in Ethiopia except in some protected
coffee forests [10]. The over exploitation of this tree for its
timber production was reported in Ethiopia as an important
factor threatening the existence of the species [9]. Thus, the
demand for wood of C.africana by users of its timber and
timber products is enormous. This high demand has caused
a rapid depletion of the species and it is now one of the
Ethiopian most threatened tree species [26]. Because of
this, conservation priority has been identified nationally by
using in-situ and ex-situ conservation in Ethiopia [26].
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Field gene banks, botanical gardens and duplicate gene
banks along with preservation centers are being established
in various localities to supplement the in-situ conservation
sites. Districts such as Lephis, Farta, Debre Tabor and Arsi
Nagelle are the areas where ex-situ sites have been
established in Ethiopia [20].
Managing C.africana in agroforestry farming systems is
one of the best options for maintaining sustainability of this
tree species. Farmers in southern Ethiopia retain
C.africana for maintaining soil fertility in enset-coffee
based agroforestry [32]. In Sidama, it is one of the
multipurpose trees mostly used in agroforestry systems by
farmers. It is used for different socio-economic benefits
and for soil improvement as shade tree for coffee and other
land use systems for the long time ago mostly in midland
and lowland agroecologies. In Ethiopia, some researchers
have made studies on the different aspects of C.africana
tree [5, 8, 2, 20, 26], but there is a shortage of studies
conducted to identify its distribution and regeneration
status in different agroecological gradients and farmers’
wealth status for species sustainability analysis. There is
also scarcity of study conducted to identify regenerations
status of this tree in different agroforestry practices.
Shortage of such targeted studies may leads to more
extinction of this tree and loss of associated benefits. For
this reason, this study is initiated to identify distribution
and regeneration status of C.africanain Sidama zone,
southern Ethiopia to assist in the proper utilization,
management and conservation.

2. Material and Methods
2.1. Description of the Study Area
This study was conducted in Sidama zone southern
Ethiopia. The Sidama zone is found at the coordinate of
38°27’43’’E and 39°31’78’’E longitude and 5°45’33’’ N
and 6°45΄71" N latitude with total area of 10,000 km2. It
lays between Hawassa town in the north and Dilla town in
the south, spread out in a cone-shaped area in the middle of
southern Ethiopia (Figure 1). It has three agro-ecological
zones namely highland (Dega) (16%) ranging from an
elevation of 2500 to 3500 masl, midland (Woinadega)
(54%) from 1500 to 2500 masl and lowland (Qola) (30%)
500m to 1500 masl. The soil type in the study area
dominantly classified as Nitosols and Eutric nitosols [29].
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Figure 1. Map of study area

2.2. Research Design
In the study, two districts Malga from midland
agroecology and Hawelatula from lowland agroecology
were selected purposively as a result of C.africana is not
grown in the highland agro-ecology [15, 7]. Thereafter,
two kebeles per districts are considered for the study.
The selection of households (HHs) was based on the
wealth classes of households, because of the reason that
management of tree in agricultural landscape depends on
socio-economic condition or wealth status of households
[12]. A total of eight villages were considered by selecting
randomly two villages from each kebele. After that all
households under each village were categorized into three
main wealth categories as rich, medium and poor based on
local wealth ranking criteria of each village by adapting
techniques modified by [13]. The criteria such as land size,
livestock owned and occupation were considered for
wealth categorization following approach indentified by
[23, 1] in each village. In order to get a representative
sample from villages, three households from each wealth
class were selected randomly. Based on this procedure, a
total of 72 households were selected for tree inventory.

24] baseline information was generated for understanding
of the existing agroforestry practices. Based on these, three
as coffee-enset-tree based, coffee-tree based and enset-tree
based agroforestry practices were selected.
Within the farms of each selected households, one
random plots of 20mx20m size was laid (one plot per
practice) following method of [5] in each three identified
agroforestry practices. The plot sizes of 20mx20m were
used for measuring trees of >5cm diameter size classes at
about 1.3 m height from the ground. In addition to this, four
subplots measuring 5mx5m were nested at the corners of
each bigger plot following methods of [17, 28]. From these
subplots density of seedlings and sapling were recorded for
identification of regeneration status.
In this study, large trees were trees with DBH of >25 cm
and above, small poles >5-25cm and saplings were the
young trees with diameter size class of 2-5cm whereas
seedlings were those with diameter size class < 2cm [22].
Based on this, the number of total stem per plot, collar
diameter for seedlings at the base, diameter at the height
30cm for saplings and DBH at about 1.3 m from the ground
for trees and total height were measured and recorded.
Calipers and hypsometers were used to measure DBH and
tree total height, respectively.

2.2.2. Tree inventory procedures

2.2.3. Statistical Analyses

2.2.1. Sampling techniques and sample size determination

Following personal field observations and studies of [4,

Difference on the distribution of tree along agroecology
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and farmers wealth status were examined by using one way
ANOVA with Statistical Package for Social Science
(SPSS). Turkeys’ test was used to test significance
difference among any two means to identify variation.
Regeneration status of tree was evaluated in two
agroecological areas and agroforestry practices by
counting the total number of individual stems. Total
counted stems were grouped into different arbitrary
diameter classes and height classes in each agroecology.

3. Results and Discussion
3.1. Distribution of Cordia africana tree
3.1.1. Distribution of Cordia africana tree in agroforestry
practices
Coffee-enset-tree based, coffee-tree based and enset-tree
based were major agroforestry practice being used for
planting and retaining C.africana tree. Even if three
practices were being used for planting and retaining this
tree, there are variations on distribution and abundance of
trees in the practices. Mean number of stems per plot and
per hectare (ha) from enset-tree based agroforestry practice
is significantly different (p<0.05) from coffee-enset-tree
based practice in two agroecologies. This is because of
enset-tree based agroforestry practice has largest mean
number of stems per plot and per hectare (65.30 ±38.40 and
56.94 ±41.60), followed by coffee-tree based practice
(59.72 ±43.62 and 39.60 ±44.90) in midland and lowland
agroecologies, respectively (Table 1). But coffee-tree
based and coffee-enset-tree based agroforestry practices
have no significant difference in two agroecological zones.
Based on the result presented on (Table 1), a large
Table 1.
Agroecology

number of stems were recorded from enset-tree based
agroforerstry practice in two agroecological areas. This
shows that enset-tree based agroforerstry practice is more
preferred agroforestry practice for planting and retaining
C.africana tree in the study area. This might be due to
farmers’ preference of enset-tree based agroforestry
practice for planting and retaining C.africana tree with
respect to its coexistence with enset and coffee. As
confirmed by [12, 26] farmers used different criteria for
different tree species which are the ability of the tree
species to compatibility with other crops, providing
different products and services and coppicing ability.
Similar finding from [11] also shown that woody species
are selected according to their value as fertilizers, low
competition and being food for humans and feed for
animals.
3.1.2. Distribution of Cordia africana tree along two
agroecological zones
In the study sites, C.africana trees were recorded from
sampled plots in three selected agroforestry practices from
midland and lowland agroecology. The overall mean
numbers of stems per plot and per hectare are (2.31±1.54)
and (57.75±38.44) in midland agroecology and (1.59±1.70)
and (39.57±41.60) in lowland agroecology, respectively
(Table 2). The number of stems per plot and per hectare in
midland agroecology was significantly higher (p=0.0001)
than lowland agroecology. Result presented on (Table 2)
indicated that the presence and distribution of C.africana
tree depends on agroecological condition of the study sites.
This was in line with study conducted in western Kenya by
[14] who reported that tree integration on smallholder
farmers’ plots vary in terms of environment and
agroecology.

Mean number of stems under three agroforestry practices

Agroforestry practices

Number of stems/plot
Mean

Midland

Lowland
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Number of stems/ha

SD

Mean

Coffee-enset-tree based

1.92 ±1.60

ab

47.92 ±31.30

Coffee-tree based

2.40a ±1.74

59.72a ±43.62

ab

a

Enset-tree based

2.61 ±1.54

65.30a ±38.40

Coffee-enset-tree based

0.90ab ±1.21

22.22ab ±30.34

a

Coffee-tree based

1.60 ±1.80

39.60a ±44.90

Enset-tree based

2.30a ±1.70

56.94a ±41.60

Note:-Different superscript letters in the same column indicates significant difference
Table 2. Mean number of stems per plot and per ha in two agroecological zones
Agroecology

SD

Number of stems/plot
Mean

Number of stems/ha

SD

Mean

Midland

2.31 ±1.54

a

57.75 ±38.44

Lowland

1.59b ±1.70

39.57b ±41.60

a

Note:-Different superscript letters in the same column indicates significant difference

SD
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Diameter classes: - 1= 5-15.9, 2=16-30.9, 3=31-45.9, 4=46-60.9, 5=61-75.9, 6=76-90.9, 7=91-105.9 and 8=≥106.
Figure 2. Diameter class distribution of C.africana tree in the two agroecological zones

Height class (cm): - 1= 0-5.9, 2= 6-10.9, 3= 11-15.9, 4= 16-20.9, 5= 21-25.9, 6= 26-30.9 and 7= 31-35.9
Figure 3. Height class distribution of C.africana tree in the two agroecological zones

A total of 1461 and 833 stems above (5cm) were
recorded from midland and low agroecology, respectively.
Diameter and height were measured from each individual
stems above (5cm) from plots under selected agroforestry
practice. A total stems of 44.9% and 23.2% of stems were
recorded under diameter class of 5-15.9cm in midland and
lowland agroecology, respectively. Similarly, 14.7% and
8.6% of stems were recorded under diameter class of
16-30.9cm in midland and lowland agroecology
respectively (Figure 2). Relatively high proportions of
population in the samples were represented by small poles
in two agroecological settings those belonging to the
diameter class of 5-15.9 and 16-30.9cm (Figure 2).
The overall population structure of C.africana
represented with a larger number of individuals in smaller
diameter classes with decreasing number of individuals
when tree increase in its diameter size class in two
agroecology (Figure 2). As a result of this, the graphical
descriptions C.africana tree distribution in the two
agroecological zones followed the inverted “J” curve. This
shows that there is the abundance in the lowest diameter
class (5-15.9cm) which illustrates good regeneration
potential. This is due to germination of large number of
seedlings during rainy season because of C.africana tree
produces large amount of seed in each year. Similar finding

from [30] confirm that a healthy population of any species
will display a typical inverted “J-shaped” curve, which
represents a high generation in the lower classes, gradually
diminishing with increased size class through mortality.
A height class distribution pattern of C.africana trees in
the study area was also characterized by higher population
at young and middle stage than mature stage (Figure 3).
Thus, the general structure of height class distribution
confirms inverted J shaped pattern which shows the
stability of population structure.
3.1.3. Distribution of Cordia africana tree on farms of
households with different wealth categories
In addition to agroecological effects on distribution of
C.africana tree, the influences of households’ wealth status
also tested. For this reason mean numbers of stems were
determined both per plot and per hectare under each
household wealth classes. In midland agroecology, both
rich and medium wealth classes are significantly different
from poor wealth classes (p<0.05). The results on (Table 3)
show that mean stems per plot and per hectare for rich and
medium household are not significantly different (p>0.05)
from each other in midland agroecology. Unlike that of
midland agroecology, mean numbers of stems per plot and
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per hectare in rich wealth class is significantly different
(p<0.05) from both medium and poor wealth classes from
lowland agroecology. But both medium and poor wealth
classes are not significantly different (p>0.05) from each
other in lowland agroecology. Based on the result
presented on (Table 3), households’ wealth status has
influence on the distribution of C.africana in addition to
agroecological variations. Generally, wealthier farmers
have more mean number of trees in their agroforestry
practices followed by medium wealth category in two
agroecological settings.
This result is in agreement with the study of [13] who
reported that wealthier smallholder household heads kept
relatively more trees on their farm plots. The main reasons
for this variation among different wealth classes were,
most rich farmers have more resources like, land and other
assets that help them for fulfilling different family
members’ needs. Therefore, wealthier households prolong
rotation time for tree. That means waiting longer without
harvesting and leaving almost all trees to grow in farm land
than poor households. But this result disagrees with
Table 3.
Agroecology

Kebele

findings of [12], [19], who found that poor farmers had the
largest number of trees per hectare compared with
wealthier and medium farmers.
3.2. Regeneration Pattern of Cordia africana Tree
3.2.1. Regeneration pattern of Cordia africana tree along
two agroecological zone
The presence of trees, small poles, saplings and
seedlings from two agroecological settings are given on
(Figure 4). In the study area, C.africana tree is categorized
into different growth forms based on the current level of
utilization of products from this tree which is determined
by diameter class. These are seedlings (<2cm), saplings
(>2-5cm diameter), small poles (>5-25.9cm) and large
trees (26cm and above) diameter class. The mean
partitioned growth forms for each regeneration size class
per hectare show that (20.1%) and (3.5%) seedlings,
(19.7%) and (11.8%) saplings, (18.3%) and (14.8%) small
poles and (9.2 %) and (2.6%) large trees in midland and
lowland agroecology, respectively.

Mean number of stems per plot and per ha under three wealth classes

HHs Wealth Status

Number of stems/plot
Mean

Sintaro
Midland
Kocho

Tullo

Finchawa

SD

a

Number of stems/ha
Mean

Rich

3.60 ±1.04

88.70 ±26.04

2.94 a ±1.60

73.61a ±31.50

Poor

1.44 ±0.78

36.11b ±19.60

Rich

2.30 a ±2.10

56.94a ±52.02

Medium

b

a

63.90 a ±24.60

b

2.60 ±0.94

Poor

1.06 ±1.30

26.40 b ±32.62

Rich

3.00 a ±2.28

75.00 a ±56.90

Medium

b

37.50 b ±27.60

b

38.90 b ±39.50

a

1.50 ±1.10
1.56 ±1.60

Rich

2.06 ±1.60

51.40 a ±38.80

Medium

0.88 a ±1.13

22.22 a ±28.30

Poor

0.50

ab

±0.90

12.50 ab ±21.44

Note:-Different superscript letters in the same column indicates significant difference

Figure 4.

SD
a

Medium

Poor

Lowland
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Mean growth form distribution of C.africana trees/ha in two agroecologies
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Maximum availability of tree was observed in midland
agroecology under each growth form. It indicated that,
mean number of seedlings and saplings recorded from
midland agroecology were fourfold and twofold higher
than that of lowland agroecology, respectively. The mean
number of large trees recorded from midland agroecology
was also higher than lowland agroecology.
Generally, larger numbers of stems were recorded from
midland agroecology within each growth forms. The main
reasons for this difference maybe variability on ecological
factors such as rain fall, temperature and solar radiation and
soil type in two agroecological zones. There are research
evidences showing that, small changes in temperature may
have drastic effects on tropical tree species distribution
patterns [31]. As result presented on (Figure 4), the trees
were highly declined in the higher diameter classes at
diameter class of (>26) in two agroecology. This is because
of the removal of tree for timber and construction wood
and sale for cash generation. The finding of [18] confirm
that need for timber and wood and selling trees for income
generation cause decline of trees under higher diameter
classes.
3.2.2. Regeneration pattern of Cordia africana tree in
agroforestry practices
The results on regeneration pattern of C.africana tree in
different traditional agroforestry practices have no
similarity under different growth forms. The availability of
trees depends on the agroforestry practices. The average
number of seedlings observed in coffee-enset-tree and
coffee-tree based agroforestry practice were 32.2/ha and
28.5/ha, respectively in midland agroecology while the
availability of seedlings is very low in lowland
agroecology (Figure 5 and 6). The coffee-tree based
agroforestry practice has the more number of seedlings
(12.7/ha) when compared with coffee-enset-tree and
coffee-tree based practices in lowland agroecology.
Likewise the seedlings, the availability of saplings also
showed difference from availability of seedlings in
coffee-enset-tree and coffee-tree based practice and
slightly below seedlings in midland agroecology. It was
31.3/ha and 27.2/ha in coffee-enset-tree and coffee-tree
based agroforestry practices, respectively. But the
availability of saplings is twofold higher from the
availability of seedlings in coffee-enset-tree and
coffee-tree based practices in lowland agroecology. When
compared with availability of seedlings, more number of
saplings is observed under three agroforestry practices in
lowland agroecology and vice versa with midland
agroecology.
It is also clear from the Figures 5, 6 and 7 that the more
number of seedlings present on midland agroecology as
compared to lowland agroecology in three practices. This
was because of solar radiations which directly fall on the
earth reduces the soil moisture and cause the death of
seedlings during dry season in lowland agroecology. This
was evidenced by the finding of [7] who reported that,
direct solar radiations affect the natural regeneration and

growth of tree by reducing the soil moisture and increasing
temperature. To reduce such factors affecting regeneration
status; assisted natural regeneration required during
retaining and planting C.africana tree in low land
agroecology. This is because of assisted natural
regeneration increase tree density in agricultural
landscapes as same time improves floristic composition of
herbaceous plants [11]. In three agroforestry practices
more number of small poles (>5-25cm diameter) were
recorded from lowland agroecology. This is due to trees
under this diameter size were only utilized for fuel wood
and dead fence and retain to attain the size recommended
for timber production. In addition to this C.africana tree
under diameter of small poles stage were retained in the
niches to provide shade for underneath crops both coffee
and enset.

Figure 5. Mean growth form distribution of C.africana trees/ha under
Coffee-enset-tree based agroforestry practice

Figure 6. Mean growth form distribution of C.africana trees/ha under
Coffee-tree based agroforestry practice

Figure 7. Mean growth form distribution of C.africana trees/ha under
Enset-tree based agroforestry practices

4. Conclusions
C.africana is indigenous multipurpose tree in Ethiopia
which provides a number of socio-economic benefits for
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farmers. It is preferred and adopted for maintaining soil
fertility in agroforestry farming systems and shade tree for
coffee and other land use systems for the long time ago
mostly in midland and lowland agroecologies. Currently,
severe natural forest destruction, over exploitation for
timber production and fuel wood threatening the existence
have caused a rapid depletion of this tree species in
Ethiopia. In Sidama zone southern part of Ethiopia it is
intensively retained and managed indigenous multipurpose
tree species which is preferred by farmers. But its
distribution pattern and regeneration status depend on
agroecological conditions of the area, wealth status of the
farmers and nature integrated agroforestry practices.
Therefore, the identification of suitable agroforestry
practices and agroecology is mandatory for conserving and
sustaining this tree and counteracting extinction for its
multipurpose benefits. Regarding to these, this study found
that enset-tree based agroforestry practice is a more
suitable place for retaining and planting C.africana tree,
followed by coffee-tree based practice in two agroecology.
The finding also shows that maximum availability of trees
was observed in midland agroecology under each growth
form which indicates that tree has more regeneration
potential in midland agroecology. The finding also exposes
that regeneration is higher in three selected agroforestry
practice in midland agroecology than lowland agroecology.
The results also showed that the mean stems of trees were
significantly higher from rich wealth classes in two
agroecological setting. Generally, the finding this study
conclude that the variability on agroecological condition,
agroforestry practices and wealth status of farmers have
their own influence on the distribution and regeneration
potential of C.africana tree in study area.

5. Recommendations
In order to counteract the extinction and to insure the
sustainability of this important tree species as an
agricultural resource, regeneration should be assisted by
incorporating production of seedlings in existing nursery
sites. Further studies should be undertaken on the mother
tree selection for two agroecological zones. Awareness
also should be created for the farmers on how to choice
mother tree during selective retaining and transplanting in
their agroforestry system. In addition to these, comparative
studies should be done on soil physical property and other
associated biotic factors those can hold back the natural
regeneration of C.africana tree with respect to agroecology
and agroforestry practices. And also studies focused on
different yield parameters on crops grown with and without
C.africana tree also should be conducted. Finally,
government should support small holder farmers through
free delivery of seedlings especially those have limited
natural regeneration in their farmland.
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