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Agricultural intensification is a major challenge for biodiversity conservation in many parts of the world. Organic agriculture is
perceived as a possible solution for biodiversity conservation in agriculture dominant systems. %is study aimed at investigating
the current status of plant species diversity and its determinants in organic agriculture-dominated areas of Gedeo zone, Southern
Ethiopia. Multistage sampling procedures were used to obtain 108 households from three agroecological zones of the study area,
and plant species data were collected from the quadrants laid in farms of sampled farmers. Besides, diversity management practice
data were collected using focus group discussion. A total of 234 plant species belonging to 82 plant families were identified. Most
(69.2%) of species in the system were native. %e mean value of richness and Shannon index evenness for the whole system was
10.36, 2.06, and 0.89 for highland midland and lowland agroecological zones, respectively, which is relatively high compared with
other agriculture-dominated systems in the tropics. %e diversity of overall plant species were significantly affected by both
agroecological zones and the wealth status of farmers. Midland and lowland agroecological zones had the highest richness values
for total plant species than highland. Similarly, highest richness was recorded among farmers of rich and medium wealth classes
than poor. %e diversity of tree species was significantly affected by both agroecological zone and wealth status of farmer
households. %e lowland agroecological zone had a significantly higher number of tree species than midland and lowland
agroecological zones, while the rich farmer had higher tree diversity compared to medium and poor farmers. %e study also
identified that diversity of shrubs were significantly influenced by agroecological zone. %e midland agroecological had a
significantly higher number of shrubs diversity compared to lowland and highland agroecological zones. In this study, herbaceous
species diversity was not influenced by both agroecological zone and farmer wealth class. %e function of plant species and
indigenous plant species maintenance practice had its own effect on plant species diversity in the study area, since the area is
dominated with organic agriculture.%erefore, tomaintain the current status of the system and to improve the farmer’s livelihood,
development planners may need to design agroecological-based plant species conservation strategies that give due consideration
for indigenous plant species conservation practices and function of plant species.

1. Introduction

Biodiversity is an important symbol to measure the envi-
ronmental quality and degree of ecological civilization [1]. It
is central to ecosystem function and the provision of eco-
system services [2, 3] and a critical resource that humanity
simply cannot afford to destroy [4]. Despite the moral,
cultural and economic reasons for conserving biodiversity
and its ecosystem services, biodiversity is being lost and

degraded at an unprecedented rate as a result of human
activities [5]. Land-use change, farm management practices
[6], and intensification are assumed to be the major drivers
of the current biodiversity loss [7]. Plants are among the
organisms more strongly influenced by agricultural man-
agement practices [8]. Up to 1 million species threatened
with extinction, many within decades, and 25% of species
threatened with extinction across terrestrial, freshwater, and
marine vertebrate, invertebrate, and plant groups that have
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been studied in sufficient detail [5]. One of the earliest global
studies also estimated that 15–37% was “committed to ex-
tinction” by 2015 [9]. Hence, the conservation of biodiversity
should become a fundamental part of agricultural landscapes
to achieve global conservation goals [10].

Small-scale sustainable farming such as organic farm-
ing can provide a variety of ecosystem services including
biodiversity and agrobiodiversity conservation and soil
management [11, 12]. It relies on ecological processes,
biodiversity, and cycles adapted to local conditions, rather
than the use of inputs with adverse effects, and it combines
tradition, innovation, and science to benefit the shared
environment and promote fair relationships and good
quality of life for all involved [13]. %e most common
practices in organic systems include soil fertility replen-
ishment using locally available organic fertilizers, use of
nitrogen-fixing legumes, cover crops, crop rotations, and
crop diversification to reduce the risk of crop failure
[14, 15]. All these practices directly contribute to plant
conservation in the agricultural landscape. In Ethiopia, due
to its diversity in agroecological habitats inhabited by di-
verse ethnic groups, all aforementioned organic agriculture
practices are common in many parts of the country in
general [16, 17] and Gedeo zone, Southern Ethiopia in
particular [18, 19].

%e Gedeo agricultural system is characterized as or-
ganic production systems that use organic agricultural in-
puts throughout the system [18, 20, 21]. As a result, the
system is the producer of a large variety of organic products
such as enset (Ensete ventricosum (Welw.) Cheesman) food,
which is staple for about 20 million people in Southern
Ethiopia [22], coffee, fruits, vegetables, honey, timber,
highland sheep, and a variety of crops [23]. Among many
organic agricultural products, Yirgacheffe and Sidama brand
coffee are certified organic [19, 20, 24]. Getachew and Abiyot
[25] also confirmed that 23 primary cooperatives with 36,000
small holder farmers (which are members of Yirgacheffe
coffee farmer union) are certified in both organic and fair-
trade certificates from international labeling organizations
(ILO) and 40% of Ethiopia’s premium grade coffee provided
from this system. %e organic practices in Gedeo zone are
based on indigenous farming practices, shaped by centuries
of experience and adapted to the specific locality, and have a
strong influence on the landscape. %us, biodiversity con-
servation is a part of the culture, history, and spirituality of
Gedeo peoples [18].

In agriculture dominant areas, plant diversity may be
directly or indirectly associated with environmental and
socioeconomic status of farmers. For both conservation
purposes and ecological studies, it is important to identify
the major factors that influence biodiversity in organic
agriculture dominant indigenous systems. Few studies have
explored the diversity of woody plant species in the home
garden level [19, 26, 27], and no attempt has been made to
assess the overall plant species diversity and its influencing
factors in the system. Hence, this study aimed at assessing
the diversity of plant species and investigating the influ-
encing factors of diversity in organic agriculture-dominated
indigenous systems of Gedeo zone, Southern Ethiopia.

2. Materials and Methods

2.1. Description of the Study Area. %e study was conducted
in the Gedeo zone of the Southern Nations, Nationalities,
and Peoples Regional State (SNNPRs) of Ethiopia (Figure 1).
%e Gedeo is named for the Gedeo people presently living in
Gedeo zone. Astronomically, Gedeo zone is situated at 5° 50′
26″–6° 12′ 48″ N, 38° 03′ 02″–38° 18′ 59″ E [28]. Topo-
graphically, the area is undulated and mountainous with
76.81% of land having more than 10% slope [29]. Because of
its diverse topographic features, Gedeo zone has a complex
and diverse climatic condition. Its altitude ranges from 1450
to 3200 meters above the sea level. %e zone lies in inter-
tropical convergence zone, receiving rainfall from two
sources, the Atlantic and monsoon currents. Hence, the
rainfall pattern of the zone is bimodal, of which it falls much
between March to May and August to October [18]. It re-
ceives a mean annual rainfall of 1500mm lay within the
range of 1200–1800mm. %e mean monthly temperature is
21.5°C, laying within the range 18–25°C. Agroecologically,
Gedeo zone comprises of 26% Dega (highland with altitude
range 2500–3200masl), 65% Woina Dega (midland with
altitude range 1750–2500masl), and 9% Kola (lowland with
altitude range <1750masl) [18, 29].

%e total population of zone is estimated to be about
1102,445 with a population density of 822 inhabitants per
square kilometer which is much higher than the country
average (72 people per square km) [30]. %e soil of the study
area was described as very deep, well drained, red brownish
to dark reddish brown, and classified as Eutric Nitosols [31].
According to FAO [32] soil classification, the dominant soil
type covering 67% of the total area of the zone is Chromic
Luvisols, followed by Haplic Nitisols accounting for 26% of
the total area of the zone.%e remaining area is covered with
Haplic Luvisols (1.8%), Eutric Vertisols (1.9%), Haplic
Nitisols (0.01%), and Rhodic Nitisols (3.4%).

2.2. Sampling Method. In this study, multistage stratified
random sampling techniques were applied to generate the
required primary data. In the first stage, four Woredas
(Bulle, Dilla Zuria, Wonago, and Yirgacheffe) were pur-
posively chosen among the six Woredas found in Gedeo
zone. %is is for the purpose of capturing the climate var-
iability in different agroecological zones (Figure 1). In the
second stage, the kebele (it is the smallest administrative
unit, but higher than a village and is often translated as
“peasant association;” it consists of about 500 households
and 800 hectares of land) of four Woredas was stratified into
three agroecological zones, including highland, midland,
and lowland. In the third stage, following a simple random
sampling technique, totally 9 kebeles (3 kebele from each
agroecological zone) were selected. In the fourth stage, after
securing a fresh list of the household head, again stratified
based on wealth status into rich, medium, and poor using
local criteria with the help of key informants, kebele agri-
cultural development agent, and kebele leaders. Local cri-
teria such as landholding size, coffee tree holding (major
cash crop), enset plant holding (staple food), and livestock
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holdings were used for the classification of households
(Table 1). Finally, a total 108 households (i.e., four HHs from
each wealth category, totaling 12 households, and thus 36
households from each agroecological zone) were randomly
selected.

2.3. Data Collection. %e plant species inventory was con-
ducted in 2010 from the end of April to the beginning of July.
%e farm of the sampled household was used as a sample plot
for plant inventory. %erefore, 10m× 10m quadrates were
assigned at the central part of a farm using ocular estimation
as described by Negash et al. [33] for wood species data
collection. Besides main quadrates, 1× 1m plot was estab-
lished for herbaceous species inventory at the center of main
quadrates.

Woody species is with diameter at breast height (DBH)
> 2.5 cm (at 1.5m height). DBH was measured using a meter
tape. For woody species with DBH below 2.5 cm, only stem
count was made to know a number of abundances [34]. For
tree species forked below 1.3m, individual stems were
separately measured, and then, average DBH was taken. For
coffee plants, the stem diameter at stump height 40 cm was
measured, and for enset, the basal diameter of the pseu-
dostem at height of 10 cm was measured as described by
Negash et al. [33]. In the case of the multistemmed coffee
plant (2–5 stems per plant), each stem was measured, and
the equivalent diameter of the plant calculated as the square
root of the sum of diameters of all stems per plant is given as
follows [35]: d40 �

�����
􏽐

n
i dn

􏽱
2, where d40 represents the di-

ameter at stem height 40 cm and di represents the diameter
of the ith stem at 40 cm height.

DBH was also calculated as follows: DBH (cm)� cir-
cumference (C)/π, where π � 3.14. A cover abundance of
each herbaceous species was visually estimated and rated
based on the 1–9 scale of Braun Blanquette, as modified by
Westhoff and Van der Maarel [36]. Local name of all plant
species found in the sample plots were recorded by the help
of key informants, and identification of the scientific names
of species was carried out using supplementary field guide
[37], and for species difficult to identify in the field, spec-
imens were collected and taken to the National Herbarium at
Addis Ababa for identification.

Farmers owning the farm were interviewed for local use
of plant species, source of species, and diversity affecting
factors. Focus group discussion (FGD) also was adminis-
tered in each of the sample kebele with local leaders, elders,
women and local healers, development agents (DAs), and
local administration and government line offices to reconcile
the information.

Figure 1: Map of the study area. (a) Location of SNNPRS in Ethiopia and location of Gedeo zone in SNNPRS, (b) district in Gedeo zone and
agroecological zone classification, and (c) slop of sampled districts and location of sampled households.

Table 1: Socioeconomic indicator of wealth class in the study area.

Indicator
Wealth class

Rich Medium Poor Total
Family size 8.75 7.28 5.28 6.7
Land size (ha) 1.98 0.78 0.36 0.79
Coffee (number) 1922.33 1108.01 426.36 949.5
Enset (number) 1192.6 609.25 251.49 555.95
Number of livestock (TLU∗) 3.93 1.55 0.68 1.56
Sources: own survey, 2019 ∗TLU, tropical livestock unit (it is a standard
used to quantify different livestock types and sizes using cattle with body
weight of 250 kilograms).
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2.4. Methods of Data Analysis. %e plant species diversity
was computed using Shannon’s diversity index [38, 39].
H � 􏽐

s
n�1(Pi ln(Pi), whereH represents Shannon’s diversity

index, pi represents the proportion of individuals composed
of species i, and s represents the total number of species in
the sample quadrant. Species evenness distribution was
evaluated using Pielou evenness index (J) expressed as
� H′/ln s′, where H′ is the diversity index, S is the species
number, and ln is the natural logarithm of total number of
species in the population. %e Sörensen index (SI) was used
to determine beta-diversity of plant species composition
similarity among the three agroecological zones.
Ss� 2a/2a + b + c, where Ss is a Sörensen similarity coeffi-
cient, b is the number of species in one plot (farm), c is the
number of species in another plot on the transect (agro-
ecology), and a is the number of species in both plots. %e
dbh value was used to calculate the basal area of plants with
dbh ≥2.5 cm as follows: where BA is the basal area (cm2).

%e ecological importance of each species in the given
agroecological was demonstrated using parameters such as
relative frequency (%), relative abundance (%), relative
dominance (%), and importance value index (%). For
multiple stems such as coffee, dominance was calculated by
measuring root collar diameter of all stem and by summing
the square root of the cross-sectional areas of all stems at that
height [35]. Relative species dominance was calculated as the
ratio of the total BA of the plants of each species to the total
sampled area. %e relative abundance (RA), relative domi-
nance (RDo), and relative frequency (RF) were calculated as
follows:

RA �
Number of individuals of each species

Total number of individuals of all species
× 100,

RDo �
Dominance of each species

Total dominance of all species
× 100,

RF �
Frequency of each species

Total frequency of all species
× 100,

(1)

%erefore, the importance value index (IVI) indicating
the importance of each species in the system was calculated
using the formula of Mueller-Dombois and Ellenberg [40]:
IVI�RD+RF+RDo.

Descriptive statistics such as mean, %ages range, and
standard deviations were used. In the case of the plant
species inventory, all data analyses were performed using
SPSS version 25. ANOVA was used, and significant dif-
ferences detected through ANOVA with p≤ 0.05 were in-
vestigated by comparison of means using Tukey’s HSD test.

3. Result and Discussion

3.1. Plant Species Composition. A total of 234 plant species
belonged to 82 families were identified from the Gedeo
agricultural system (Table 2).%e highest numbers of species
(151) were recorded in the midland agroecological zone
followed by lowland (136) and highland (109). %e most

dominant family was Asteraceae represented by 24 plant
species (10.3%) followed by families Fabaceae, Poaceae,
Solanaceae, Lamiaceae, and Rutaceae, represented by 8–17
species and constituting 7.3, 6.4, 4.7, 4.3, and 3.4%, re-
spectively (Figure 2(a)). Generally, this study identified a
greater number of plant species in a human dominant ag-
ricultural system than similar studies. For instance, Negash
[19] recorded 82 plant species in indigenous agroforestry
systems of the southeastern rift valley escarpment. Melese
and Daniel [26] recorded 75 plant species in the home
garden of Dilla Zuria Woreda, Southern Ethiopia, while
Abebe [41] recorded 120 plant species in the home garden
systems of Sidama, Southern Ethiopia. %ere could be many
reasons for such high plant species diversity in the agri-
cultural system of Gedeo. %e major reason mentioned
during the discussion was indigenous diversity management
practices developed by the community (Section 3.1). In
addition to that, the agricultural practices in the area were
chemical-free and organic. Many authors reported that
organic agriculture played a great role to maintain plant
biodiversity in the agricultural landscape [6, 8]. Moreover,
farmers also explained secured property rights both cul-
turally and legally. According to data from GZAD [42], the
majority (91%) of farmers in the zone have got a legal land
ownership document. Several studies [43, 44] reported the
importance of secure land tenure for tree planting and
biodiversity conservation. With respect to the habits, the
result shows that 53.4% species were herbaceous followed by
tree species 26.5%, shrubs 14.1%, and climbers 6%
(Figure 2(b)).

Out of all recorded plant species, 162 (69.2%) were native
species, while 72 (30.8%) were exotic species (Table 2). %e
number of native species in the medium wealth class farms
and midland agroecological zones was higher than other
wealth classes and agroecological zones. %e agroecological
zone had a significant effect on the exotic species richness
(p< 0.01), Shannon diversity index (p< 0.01), and species
evenness (p< 0.05) (Table 2). %e proportion of native
species was highest in midland (78%) and highland (76%)
agroecological zones than lowland (67.6%) (Table 2). De-
creasing trend of native plant and increasing trend of exotic
species from highland to lowland was previously reported
[19, 45]. Different mechanisms have been proposed to drive
this pattern, including better abiotic growing conditions
(higher temperature and more light and nutrients) for in-
troduced species, native plant richness [46], and high
adoption rate of society for exotic species, especially fruits
and ornamentals in lowland agroecological zone.

As noticed from the discussion, the introduced exotic
species including trees for cash earning (e.g.,
E. camaldulensis Dehnh. and E. globulus Labill.), fruit trees
(e.g., M. indica, Casimiroa edulis La Llave, and Persea
americana Mill.), and ornamental herbaceous (e.g., Rosa
abyssinica Lindley, Passiflora caerulea L., and Dianthus
caryophyllus L.) in the system. %e result was in agreement
with Abebe et al. [47] and Negash et al. [33] who reported the
dominance of exotic tree species in the system, such as fruit
crops as major sources of nutrition and income and fast-
growing Eucalyptus species for pole and fuelwood purposes.
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Concerning wealth class, exotic species richness (p< 0.01),
Shannon diversity index (p< 0.05), and species evenness
(p< 0.05) showed significant differences among wealth
categories (Table 3). Medium wealth class farmers hosted a
large number of total species (169) compared to rich and
poor wealth classes. %is might be due to the direct in-
volvement of medium farmers in their farm management
than the rich farmers. As the farmer explained during the
discussion, rich farmers managed their farms by hiring la-
borers, who not cared for most simple plant species on the
farm.

3.2. Species Similarity among Agroecological Zones. %e
overall Sorensen’s similarity coefficient of the study area
ranges 40–64% across the agroecological zones (Table 4).%e
highest similarity was observed between lowland and
midland (64%), followed by highland and midland (59%)
agroecological zones. %e lowest similarity was observed
between lowland and highland (40%) agroecological zones.
High similarity indices could be due to environmental
homogeneity which mostly brings about uniformity in the
weather conditions which results in good plant growth.

3.3. Influence of Agroecological Zone and Wealth Status on
Plant Diversity. %e results revealed that the average species
richness for the whole agricultural system was 10.32 with
range 8.75–11.11 per quadrant (Table 4).%e richness of total

plant species was significantly affected by both agro-
ecological zones (p< 0.01) and wealth status of the farmers
(p< 0.1). Midland (11.11) and lowland (11.11) agro-
ecological zones had the highest richness values than
highland (Table 5). As shown in Figure 3, the result of this
study revealed a decreasing trend with increasing altitude.
%is is comparable with Negash et al. [33] who reported a
decreasing trend in richness with increasing elevation in the
southeastern rift valley escarpment, Ethiopia. Conversely,
Haile et al. [48] have found an increasing trend of tree and
shrub species richness with increasing altitudinal gradients
in smallholder agricultural management units in Central
Ethiopia. Concerning the wealth status of farmers, higher
plant species richness was recorded in rich (10.89) and
medium (10.56) wealth classes compared to poor wealth
class (9.53). Based on their experience, participants of the
focus group discussion underlined the reason that large farm
holdings and several plots of land have given the advantage
to wealthy farmers to diversify various plants in their farm.
Our result is in line with [48–50] that higher plant species
richness found in wealthy farmers was related to larger land
holdings.

%e average Shannon diversity index for the whole ag-
ricultural system ranged from 1.94 to 2.13 with mean di-
versity 2.06, which was higher compared to other agriculture
dominated systems in the tropics. %e value of Shannon
index for total plant species was significantly affected by
agroecological zone (p< 0.1) (Table 5). Midland (2.13) and
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Figure 2: (a) Most dominant families of plant species and (b) habitats of plant species in the study area.

Table 2: Origin of plant species along agroecological zone and wealth class of the study area.

Origin
Agroecological zone Wealth class Overall

Highland Midland Lowland Rich Medium Poor
Native 88 118 92 107 123 107 162
Exotic 26 33 44 43 46 29 72
Total 114 151 136 150 169 136 234
Source: own survey data, 2019.
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lowland (2.11) agroecological zones had the highest Shannon
index than highland (1.94). %is could happen because the
Shannon diversity index is usually associated with an in-
crease in species richness [46, 51]. %is result is comparable
to the Shannon index value of species recorded in enset-
coffee-based home gardens of Southern Ethiopia [41]. In this
study, the wealth status of the farmer had no statistically
significant effect on the Shannon diversity index. On the
contrary, the total plant species evenness did not show a
significant difference among agroecological zones.

%e richness, Shannon index, and evenness of tree and
shrub species were significantly affected by both agro-
ecological zone and wealth status of farmer households.
Farmers in lowland agroecological zone had significantly
(p< 0.01) higher number of tree species (3.54) than midland
(2.53) and lowland (1.31) agroecological zones. Likewise, the
midland agroecological had a significantly (p< 0.01) higher
number (2.82) of shrubs followed by lowland (2.14) and
highland (1.99) agroecological zones. %is is logical for the
study area that lowland agroecological zone is highly

Table 3: Diversity indices F value native and exotic species as influenced by agroecological zone and wealth class.

Factor Origin of species
F value for diversity indices

Beta diversity (S) Shannon (H′) Evenness (J)

Agroecological zone Native 11.01∗∗∗ 3.781∗ 0.466
Exotic 23.50∗∗∗ 18.547∗∗∗ 5.540∗∗

Wealth class Native 0.15 ns 1.418 ns 4.054∗
Exotic 10.195∗∗∗ 8.205∗∗ 5.418∗∗

Source: own survey data, 2019. ∗, ∗∗, and ∗∗∗ mean significant at the 10%, 5%, and 1% probability levels, respectively. ns, not significant.

Table 4: Species composition similarity among agroecological zones and wealth category using Sorensen’s similarity index in the study area.

Agroecological zones Highland Midland Lowland
Highland 0
Midland 0.59 0
Lowland 0.40 0.64 0
Source: own survey data, 2019.

Table 5: Richness (s), Shannon (H′), and evenness (J) of total plant species across the agroecological zones and wealth status of farmer in the
study area.

Parameters
Agroecological zone Wealth class

Overall
Highland Midland Lowland Rich Medium Poor

Overall species richness (S) 8.75± 1.32 11.11± 1.53 11.11± 3.19 10.89± 3.28 10.56± 1.59 9.53± 1.92 10.32± 2.42Sign 14.99∗∗∗ 4.06∗
Overall Shannon index (H′) 1.94± 0.23 2.13± 0.21 2.11± 0.41 2.07± 0.40 2.07± 0.24 2.05± 0.25 2.06± 0.30Sign 4.49∗ 0.37 ns
Overall evenness (J) 0.90± 0.07 0.89± 0.06 0.89± 0.09 0.88± 0.07 0.88± 0.09 0.92± 0.05 0.89± 0.73Sign 0.197 ns 2.69∗
Tree species richness (S) 1.31± 0.86b 2.53± 0.84ab 3.54± 1.67a 3.10± 2.02a 2.29± 1.11b 1.99± 0.90 b 3.01± 1.02Sign 38.236∗∗∗ 10.049∗∗∗
Tree Shannon index (H′) 0.68± 0.24b 0.89± 0.25 b 1.11± 0.39a 1.10± 0.45a 0.98± 0.24a 0.80± 0.23 b 0.96± 34Sign 9.745∗∗∗ 3.957∗
Tree evenness (J) 0.77± 0.20b 0.96± 0.06a 0.94± 0.07a 0.89± 0.15b 0.95± 0.07a 0.95± 0.08a 0.93± 0.11Sign 21.045∗∗∗ 13.615∗∗∗
Shrubs species richness (S) 1.99± 0.74b 2.82± 0.63a 2.14± 0.89ab 2.43± 0.79 2.31± 0.78 2.21± 0.95 2.69± 0.65Sign 11.942∗∗∗ 0.827 ns
Shrubs Shannon index (H′) 0.66± 0.11ab 0.58± 0.21b 0.71± 0.32a 0.60± 0.23 0.63± 0.25 0.73± 0.25 0.64± 0.24Sign 2.675∗ 2.2 ns
Shrubs evenness (J) 0.94± 0.07a 0.74± 0.15b 0.73± 0.23 b 0.74± 0.21b 0.78± 0.19b 0.89± 0.10a 0.79± 0.17Sign 13.73∗∗∗ 6.677∗∗
Herbaceous spp. richness (S) 5.33± 0.93 5.44± 1.42 5.22± 1.61 5.06± 1.51 5.53± 0.97 5.42± 1.46 5.38± 1.24Sign 0.236 ns 1.167 ns
Herbaceous Shannon (H′) 1.50± 0.23 1.49± 0.31 1.44± 0.39 1.43± 0.38 1.49± 0.25 1.51± 0.29 1.48± 0.27Sign 0.401 ns 0.675 ns
Herbaceous evenness (J) 0.90± 0.08 0.89± 0.09 0.89± 0.12 0.90± 0.09 0.88± 0.12 0.91± 0.07 0.90± 0.10Sign 0.038 ns 0.921 ns
Source: own survey data, 2019. ∗, ∗∗, and ∗∗∗ mean significant at the 10%, 5%, and 1% probability levels, respectively. ns, not significant; ±SD.
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occupied by fruits and shade trees, while the midland is
mostly occupied by the coffee plant (which is categorized as
shrubs) and shade trees. Generally, the lower and middle
agroecological zones are characterized by intensive trees and
shrubs management practices compared to the highland
agroecological zone.

%e tree species richness was higher at rich farmers (3.10)
followed by medium (2.29) and poor (1.99) wealth classes
(Table 3). %e reason for higher tree species diversity for the
rich household is due to the fact that rich households have a
larger farm size than medium and poor households. Hence,
the more land a household owns, the higher the chance is to
grow more trees in their land. %e finding of this study is in
line with Giday et al. [52] and Aklilu et al. [53] who reported
that tree species richness increases as farm size increases.
Asfaw and Hulten [54] and Abebe [41] also reported a
positive relationship between farm size and tree species
richness per farm and a similar relationship between wealth
status and farm size in Southern Ethiopia. On the other
hand, all diversity measure parameters for herbaceous
species were not significantly affected by agroecological
zones and wealth status of farmers.

3.4..eLocalUseofPlant Species. Utilization of the products
is one of ecological and socioeconomic factors that influence
the species diversity in the agricultural system [55–57]. %e
plant species were stated by the households as sources of
primarily food, forage, enhancing soil fertility, construction
materials, fuelwood, medicine, and other products of the
commercial value (Figure 4(a)). Food (fruits, root crops,
vegetables, and cereals) is the most important end-use
category. Out of the total recorded species, 60 species
(25.6%) were used as food, out of which 9 were tree, 5 shrubs,
8 climbers, and 38 herbaceous. Another important category
also was soil fertility that out of recorded species 55 (23.5%)
were used for soil fertility. %is might be due to the organic
soil fertility management practices in the study area [19, 21].
Most of the plant species in the system were chosen for their

multifunction benefits. As shown in Figure 4(b), out of all
plant species recorded, 87 species were mentioned as having
one use type, 86 species having two use types, 38 species with
three use types, and 10 species with four use types. Among all
species, enset has multiple uses including staple food, soil
fertility, construction materials (rope and house roof), and
forage medicine [18, 55]. HHs in western Ethiopia men-
tioned that most of the woody and herbaceous perennial
species were used for more than one purpose [58].

%e respondents have also identified three herbaceous
species including Daka-Seri ansicho (Oxalis anthelmintica),
partinume (Parthenium hysterophorus L.), and agaro
(Rutidosperma subuuta) as harmful (invasive) species. Two
of the former are exotic and a latter one is endemic. Such
species were highly abundant in lowland and midland
agroecological zones than highland. %is supports the
finding of Talemos et al. [45] that there was high abundance
of partinume (Parthenium hysterophorus L.) at lowland of
Gedeo zone.%e occurrence of such invasive species in these
areas might be due to the suitability of the environment for
their development. Darka [59] also found that elevation was
found to have a significant negative effect on the number of
invasive species; thus, invasions were less prone to occur at
higher elevations.

3.5. Important Value. %eir variation in species, an im-
portance value index, was observed among the agro-
ecological zones. Coffea arabica L. contributes the most
important value index in midland (75.26%) and lowland
(52.88%) agroecological zones (Table 6). %is may be due to
the significant role of Coffea arabica in the livelihoods of the
Gedeo people. %e most important wood species with high
importance value index in the lowland agroecological zone
are economically valuable species such as Coffea arabica L.,
Mangifera indica L., and Persea americanaMill. Whereas, at
midland agroecological zone, most of the species with high-
value indices were native trees useful for soil conservation,
shade and compatibility with other food crops such as are
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Figure 3: %e altitude gradient against to tree species richness (a) and shrub species richness (b).
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Figure 4: Local uses (a) and use category (b) of plant species recorded in the study area.

Table 6: Frequency, abundance, and dominance and importance value index of major woody species in agroecological zone of the study
area.

Scientific name
Lowland agroecological zone

RA RF RD IVI
Coffea arabica L. 39.106 13.757 0.022 52.885
Mangifera indica L. 8.101 7.937 17.750 33.788
Persea americana Mill. 4.190 6.878 15.258 26.326
Millettia ferruginea (Hochst.) Bak.∗∗ 4.469 4.762 5.472 14.704
Eucalyptus camaldulensis Dehnh. 4.190 3.175 6.999 14.363
Albizia gummifera (J. F. Gmel.) C. A 1.676 3.175 6.538 11.389
Acacia senegal (L.) Wild. 0.279 0.529 10.397 11.206
Grevillea robusta R. Br. 2.793 2.116 4.703 9.613
Cordia africana Lam. 1.117 2.116 4.679 7.913
Acacia abyssinica Hochst. ex Benth 1.117 2.116 3.234 6.467
Midland agroecological zone
Coffea arabica L. 56.053 19.162 0.050 75.264
Millettia ferruginea (Hochst.) Bak.∗∗ 6.053 7.784 11.571 25.408
Cordia africana Lam. 2.105 4.192 13.765 20.062
Persea americana Mill. 1.316 2.994 8.977 13.287
Ficus sur Forssk. 1.053 2.395 8.415 11.863
Mangifera indica L. 1.842 2.395 6.302 10.540
Ficus elastica Roxb. ex Hornem. 0.000 0.000 0.000 10.287
Trichilia emetica Vahl 1.053 2.395 5.726 9.174
Croton macrostachyus Del. 0.789 1.796 4.262 6.847
Cupressus lusitanica Mill. 2.368 2.395 1.560 6.323

Highland agroecological zone
Eucalyptus globulus Labill. 23.364 13.592 34.096 71.052
Malus sylvestris Mill. 5.607 4.854 45.350 55.812
Erythrina brucei Schweinf.∗∗ 4.206 8.738 1.647 14.590
Vernonia myriantha Hook. f. 5.607 7.767 0.009 13.383
Coffea arabica L. 8.411 4.854 0.004 13.270
Hagenia abyssinica (Bruce) J. F. Gmel. 1.869 3.883 2.476 8.229
Arundinaria alpina K. Schum. 1.869 3.883 2.281 8.034
Solanecio gigas (Vatke) C. Jeffrey 2.336 4.854 0.577 7.768
Justicia schimperiana (Hochst. ex Nees) 3.738 3.883 0.035 7.657
Vernonia amygdalina Del. 2.804 3.883 0.007 6.694

Source: own data analysis, 2019.
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Millettia ferruginea (Hochst.) (25.41%) and Cordia africana
Lam. (20.06%). Similar studies have also reported the
popularity of those species in the study area [18, 19, 29]. In
the highland agroecological zone, Eucalyptus globulus Labill.
(71.05%) recorded the highest important value index fol-
lowed byMalus sylvestrisMill. (52.81%) and Erythrina brucei
Schweinf. (14.59%). %e highest importance value for Eu-
calyptus globulus may be explained by (1) multiple purposes
such as fuelwood, timber, cash crop, boundary demarcation,
and fencing, (2) bridge the widening gap between demand
and supply of wood specifically at the highland agro-
ecological zone, and (3) farmer response and a coping
strategy for expanding soil acidity in the area [60, 61].

3.6. Diversity Management Practices. Maintenance of di-
versity and multiple cropping practices is one of the major
characteristics, given much emphasis in the Gedeo com-
munity. %e community has long devised on-farm and off-
farm plant diversity management systems locally called
“baabo” and “woyyo” systems, respectively. %e baabo
system (on-farm diversity maintenance practice) is the
management practices of plant species in the farmland
(fichcha). It enforces all community members to manage
native tree species in harmony with major crops such as
coffee and enset in the farm and ethical use andmaintenance
of plant species and other natural resources. Hence, this was
the motto of the community that “Existence in Gedeo means
having three at once: enset-coffee and trees.” Beside enset-
coffee and native trees, it was observed that there were
several crops such as fruit trees, green leafy vegetables,
cereals root crops, spices, and condiments cultivated. %ere
were several reasons as to why farmers maintain high
agrobiodiversity in the farm level. As shown in Figure 5 that
the reasons for the conservation of diversity were to
maintain soil fertility, control diseases and pests, and fa-
cilitate vertical and horizontal variations, thus allowing
cultivation of crops adapted to light and shade. In addition
to that, farmers apply specially tailored farming methods to
optimize their use of the limited farming lands in the rugged
topography and maintain the efficiency of crop production
and crop diversity. Moreover, diversification permits phased
harvesting of crops within different maturity periods, as
insurance (the failure of one crop does not mean the failure
of all crops, and the remaining one or two crops out of the
two or three planted that remained serves as an insurance to
the farmer.

On the other hand, the woyyo system is off-farm di-
versity management practices. It is the preservation practices
of some susceptible plant species in conservation areas and
the protection of particular ecosystems or habitats for tra-
ditional purposes. As described by farmer, the woyyo
comprises “songgo” (social gathering place), “woyyo” (sa-
cred forest grove at the pick of the mountain), ambba (forest
grove at the memorial place of significant historical events),
hiressa (rest place), and qarra (unburial dead casting places).
As reported by farmers, the management of these resources
are shaped around local rules and regulations. %ese rules
and regulations are most often protected by religious or

cultural beliefs and superstitions and enforced prohibitions
called fago. Such practices might be the secret for the sus-
tainability of the system for millennia despite political and
religious-based pressure to obliterate the system [21].
According to Tadesse [18], the indigenous system of the
Gedeo agricultural system is time-tested example of sus-
tainable agriculture that exists today. Hence, the practice is
congruent to the organic agriculture requirement.

4. Conclusion and Recommendations

%e study shows that in the study area, a total of 234 plant
species belonging to 82 families were recorded, of which 69%
species were native. %e species richness and Shannon index
value of total plant species were significantly influenced by
agroecological zone. Midland and lowland agroecological
zones had the highest value of species richness and Shannon
index than highland. %e richness, Shannon index, and
evenness of tree species were significantly affected by both
agroecological zone and wealth status of farmer households.
Farmers in the lowland agroecological zone had a signifi-
cantly higher number of tree species than midland and
lowland agroecological zones. Likewise, the tree species’
richness was higher at rich wealth class farmers compared to
medium and poor. %is could be due to the fact that rich
households have a larger farm size than medium and poor
households. Moreover, availability of a plant species largely
determines its utilization. %e study also identified that all
diversity parameters of shrubs were significantly influenced
by agroecological zones. %e midland agroecological had a
significantly higher number of shrub diversity compared to
lowland and highland agroecological zones. In this study,
herbaceous species diversity was not affected by both
agroecological zone and farmer wealth class.

Moreover, the function of plant species also had its own
effect on plant species diversity in the study area, since the
area is dominated by organic agriculture. %e result of the
study shows that in the study area, Coffea arabica
L. contributes the most important value index at midland
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Figure 5: Farmers reason for conserving plant diversity in the same
farm.
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and lowland agroecological zones. %is may be due to the
significant role of Coffea arabica in the livelihoods of the
Gedeo people. On the other hand, in the highland agro-
ecological zone, Eucalyptus globulus Labill. recorded the
highest important value index.%e highest importance value
for Eucalyptus globulus may be explained by multiple pur-
poses of trees such as fuelwood, timber, cash crop, boundary
demarcation, fencing, and a coping strategy for expanding
soil acidity in the highland agroecological zone.

Generally, the Gedeo agricultural system provides the
habitat for a range of plant species in the human dominant
agricultural system. For such diversity, the role of indige-
nous plant species maintenance practice played a great role
which is shaped by centuries of experience and adapted to
the specific locality. %us, biodiversity conservation is a part
of the culture, history, and spirituality of Gedeo peoples.
%erefore, tomaintain the current status of the system and to
improve the farmer’s livelihood, development planners may
need to design agroecological-based plant species conser-
vation strategies that give due consideration for indigenous
plant species conservation practices and function of plant
species.
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