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Abstract

This study aimed to understand the impact of shrub encroachment on native species in the
Guassa Community Conservation Area in Ethiopia. We assessed the soil seed bank com-
position and density across different elevations and aspects, and management systems
within the area. The vegetation was stratified and eight blocks were selected across a range
of elevation (<3350 m and >3350 m) and aspect (northeast, northwest, southeast, south-
west). Within each block we established twenty 5m x 5m plots for a total of 160. We then col-
lected soil samples from five subplots (1 m x 1 m) at three depths (0-3 cm, 3-6 cm and 6-9
cm) for a total of 480 samples, which were established in pots in greenhouse. We calculated
species abundance by totaling the number of seedlings that emerged from each sample. To
determine the variability in the abundance of Festuca macrophylla and Helichrysum splendli-
dumin the soil seed bank along altitudinal gradient, we used two-way ANOVA using SAS
statistical software version 9.0.1. Shannon diversity index was used to determine species
diversity in the soil seedbank. After counting all the seeds, we identified 74 plant species
represented in the soil seedbank which belong to 55 genera and 23 families. Eleven species
are endemic to Ethiopia. At the lower elevation range, the effects of aspect (P <0.0088) and
soil depth (P <0.005) are not significant to determine the abundance of seeds of H. splendi-
dum and F. macrophylla. But when the factors are segregated, both aspect and soil depth
play a significant role (p<0.0001) regarding the abundance of the seeds of the competing
species at lower elevation. At higher elevation, only the effect of soil depth is significant
(P<0.0001) for determining the abundance of H. splendidum. Soil depth and aspect have no
significant effects on soil seed bank abundance at this elevation.
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1. Introduction

Ethiopia is a country located in the Horn of Africa, characterized by a wide variety of landscapes
such as rugged mountains, river valleys, flat-topped plateau, deep gorges, and rolling plains. The
country is also known for its vast wealth of natural resources and biological diversity, which
spreads across higher altitude areas, from mountain peaks to one of the lowest and hottest
places on earth. The country is also the second most populous in Africa experiencing a major
land cover change [1, 2]. The land cover changes in the country are mainly taking place from
lands with natural vegetation to agricultural lands and residential area. Several studies [1, 3-7]
show that Ethiopia’s ecosystems including forest, woodlands, grasslands and shrub lands are
rapidly declining while farmland and bare land are expanding over time. The leading factor for
these is population growth which resulted in competition for natural resources, pervasive pov-
erty, food insecurity, high unemployment rate, drought and other socio-political factors [4, 6,
8]. These has led to rapid expansion of agricultural land and expanding bare land at the expense
of the loss of native vegetation. Comparing land cover in the high and low lands of Ethiopia, the
changes in ecosystem are more severe in the highlands of Ethiopia [9]. This is because of high
population pressure, shrub expansion and long-term cultivation on the highland areas [1].

From the above factors, shrub expansion into grasslands is reported worldwide [10, 11],
affecting both low and highland grasslands [12, 13]. Especially shrub expansions in the high-
lands are being reported by different scholars leading to ecosystem service changes. This vegeta-
tion change has been attributed to climate change, atmospheric CO, concentrations, nitrogen
deposition, and changes in local management practices such as agricultural expansion, cutting,
grazing pressure or increased fire frequency [10, 14, 15]. The transition from grassland to an
ecosystem dominated by woody species could lead to dramatic changes in community structure
and function, such as reduced species richness and diversity [16] and risk increased fire [17].

The shift from a grass-dominated to a shrub-dominated ecosystem is likely to have a signifi-
cant impact both on plant productivity and location due changes in the distribution of net pri-
mary productivity (NPPs) between aboveground and belowground components [18].
Consequently, grasses have a high distribution of NPPs below ground, while shrubs may
release more NPPs above ground [19]. The increase in aboveground NPP due to shrub
encroachment is due to the potential of shrubs to support a much larger leaf area than grasses
under similar climatic and resource constraints [20].

Shrub encroachment is common in most arid and semi-arid biomes of the world. For
instance, the transformation of large areas of former black grama pastures (Bouteloua spp.) in
dense thickets of bush lands [21], of the United State was caused by the dramatic increase in
density of mesquite (Prosopis glandulosa) and creosote bush (Larrea triangotensi). Increased
abundance of shrubs has been a major problem for African pastures used for livestock [22]. In
South Africa, for example, 13 million hectares are under bush encroachment and it is esti-
mated that, together with the loss of savannah systems, more than two billion people world-
wide will be affected [23]. In East Africa, a 10% increase in bush area reduces grazing by 7%,
and grazing is completely eliminated at 90% bush cover [24]. In Ethiopia, the Borana range-
lands, the encroachment of shrubs and unpalatable forbs threatened about 83% of the range-
lands [25]. Furthermore, in the Nechisar National Park shrub encroachment deteriorated
herbaceous species cover-abundance [26].

Guassa Community Conservation Area, one of the Afroalpine grassland, is characterized by
rich biodiversity and ecosystem services in Ethiopian highlands. It is a home to a large amount
of fauna and flora [27]. The local community living around guassa area traditionally managed
and uses the resource for various purposes. For example, the area provides services such as
livestock grazing, as a firewood, and cutting guassa grass (Festuca macrophylla) which uses for
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various purposes such as thatching, making household equipment, baskets, painting brushes,
mattresses and shepherds’ raincoats and farm implements like ropes and whips. At present,
nine farmers’ associations collectively manage an area recognized by the Amhara National
Regional State as the Guassa Community Conservation Area (GCCA). This area plays crucial
role for the livelihood and coping strategies of the community living around the area, espe-
cially during periods of drought, by providing food for animals. On the other hand, the local
community uses different shrubs mainly Helichrysum splendidum as wood for cooking and for
keeping their households warm during cold time [28].

However, this Afroalpine region which has global and local importance is under increasing
threat from high rate of expansion of H. splendidum shrub and its encroachment over other
habitats like Festuca grassland. H. splendidum is a fast-growing shrub; it can grow to 1.5 m x 1
m within 2 years, forming a dense grey mound. This easy to grow shrub requires very little
maintenance provided that it is given a large enough area to spread. On the study area, accord-
ing to the local community and other stakeholders (like FZS, local government bodies), the
spread of this species is fast and it threatens the local biodiversity and their livelihood. The
high rate of expansion of H. splendidum (due to climate change, temporary drought, and
human disturbance while harvesting guassa grass) [29] and its encroachment over other habi-
tats like Festuca grassland was also pointed out [30]

The assessment of soil seedbank is very crucial for understanding the competitive ability of spe-
cies, conservation planning and management of species composition and structure. Studies shows
that soil seedbank provide a viable option for restoration through the establishment of native vege-
tation [31]. In Ethiopia, particularly in our study area, there are only scant information concern-
ing soil seedbank [32, 33], especially for the two dominant plant species (Helichrysum splendidum
and Festuca macrophylla) hereafter called the target species. This study is designed based on our
observation of the current management system of the Guassa Community Conservation Area,
which seems to favor the encroachment of Helichrysum splendidum as compared to Festuca
macrophylla. In addition, our previous research has shown that [34-36], the local community per-
ceives the encroachment of Helichrysum splendidum as sustainability threat. These two species are
by far the most dominant species in the area. However, there is a general perception that the grass
(Festuca macrophylla) is losing competition to the shrub (Helichrysum splendidum). The current
management of system of the area involves harvesting Festuca macrophylla every two-three-year
cycle before the grass set seeds because the vigor of the grass decreases upon flowering [30]. There-
fore, based on this observation and our previous finding, we set to find out if there is a significant
difference in terms of soil seedbank density between these two species. However, the studies of
soil seedbank in a conservation area where the diversity and composition of species are high
unavoidably involve other species in addition to the target species. Therefore, we addressed the
following questions with an objective to assess whether the management system being imple-
mented in the conservation area is favoring one target species over the other. a) What is the status
of soil seedbank of GCCA in terms of species diversity, composition and seedbank density? b)
Does the soil seedbank density of Helichrysum splendidum and Festuca macrophylla species vary
along aspect and altitudinal gradients? c) Does the management systems gave Helichrysum splen-
didum a competitive ability to encroach into Festuca macrophylla stands?

2. Materials and methods
2.1. Study area

Ethiopia is one of the 25 biodiversity-rich countries in the world, where two of the 36 biodiver-
sity hotspots in the world [37, 38], namely the East Afromontane and the Horn of Africa [39],
trespass through its mountain and lowland areas. Ethiopia consists of three major high plateau
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Fig 1. Map of Ethiopia showing the Guassa Community Conservation Area (GCCA).

https://doi.org/10.1371/journal.pone.0288804.9001

regions divided by the Great Rift Valley and by the Abay (Blue Nile) Gorge. These three high-
land blocks are known as the north-western highlands, the central highlands and south-eastern
highlands. The north-western highlands are the largest highland massif. The GCCA is located
in the central highlands at 10°15°-10° 27" N and 39° 45’-39° 49’ E and is situated in an area
locally known as Menz Gera Midir district [40]. It is found in the Amhara Regional State of
North Shewa, 295 km north-east from Addis Ababa, capital city of Ethiopia (Fig 1). The guassa
range comprises 111 km” and lies at an altitude range of 3200 to 3700 m above sea level [27].

2.2. Climate, soil, and vegetation

GCCA is characterized by its plateau which cross-cut by various gorges and river valleys that
flow west and eastwards. It straddles the catchment basins of two major rivers in East Africa—
the Abay (the Blue Nile) and the Awash, and thus its conservation is critical to the health and
functioning of those headwaters [41]. The swamps of the area increase water holding capacity
and also limit runoff in the rainy seasons, thus providing flow all year round. Generally the soil
of the Guassa area is deep and humic. However, on higher ground, the soil is shallow, and
highly mineralized [28]. The climate in the guassa area varies widely due to the differences in
elevation and the size of the mountain block. The annual mean rain fall is 828 mm. Tempera-
tures are characterized by mild days and cold nights. In the drier months (December to
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February), daytime temperatures can rise to 25°C, while night time temperatures can drop to
-7°C [40, 42]. The area gets its name from the "guassa grass" Festuca macrophylla, which is
highly valued by the local community.

GCCA is a biodiversity hotspot, containing several endemic and threatened species [43].
The area is rich in biodiversity and contains several endemic and threatened species of flora
and fauna species [28]. The vegetation of the guassa area is characterized by high Afroalpine
Afroalpine vegetation with different plant community types, namely: Euryops-Alchemilla
shrubland, Festuca grassland, Euryops-Festuca grassland, Helichrysum—Festuca grassland,
Swamp Grassland and Erica moorland [42, 44]. GCCA is a place for important and endemic
plant species including guassa grass (F. macrophylla), giant Lobelia (Lobelia rhynchopetalum),
Kniphofia foliosa and Alchemilla species [28, 43]. There are about nine (which accounts to 23%
mammal fauna of the country) endemic fauna including the Ethiopian wolf (Canis simensis),
gelada baboon (Theropethicus gelada) and Ethiopian Highland hare or Abyssinian hare (Lepus
starcki) and about 114 (12% of 861 bird species) have been recorded in the GCCA [28]. The
Guassa area is also home to the world’s largest concentration of the globally endangered Anko-
ber serin (Serinus ankoberensis) and the spot-breasted plover (Vannellus melocephalus) [27].

2.3. Population and livelihood

The human population is predominantly of Amhara ethnicity and Orthodox Christian reli-
gion. The main economic activity of the people is farming which involves mainly crop produc-
tion and livestock husbandry. The community can generate income from off-farm activities
such as petty trading, selling local beer (‘Tella’), liquor (‘Arekie’) and local green tea. Wool pro-
cessing (known in sheep and cattle rearing) is the most common off-farm activity of the
Guassa community. The area is regarded as food insecure, and in many years, parts of the pop-
ulation depend on the national food aid program called safety-net [27].

The Guassa area is currently managed by nine farmers’ associations, local institutions that
were created throughout Ethiopia in 1975 for rural administration. The community protects
the area by promulgating various regulations that restrict the use of natural resources by the
communities [28].

2.4. Soil sampling

First, we stratified the vegetation by type and purposefully selected eight blocks based on eleva-
tion (<3350 m.a.s.l/lower and >3350 m.a.s.1/upper elevation) and aspect. Each block has
twenty 5m x 5m established plots, thus we have a total of 160 plots. We also categorized aspects
in to four as NE, NW, SE and SW to compare the seed density in the soil for the target species
along elevation gradient. The samples were taken from five subplots (1m x 1m each) (one at
the center and the other four at the corners) to collect composite soil samples from the three
separate layers. Within the 1m x 1m subplots, five subplots (5cm x 5cm) were established to
take the soil seed bank sample. 225cm® of soil seed bank samples were collected from each sub-
plot using a digger. A total of 480 soil samples (3 vertically successive layers x 160 sample
plots) were collected from the three separate soil layers. Each layer had 3 cm depth (0-3 cm,
3-6 cm and 6-9 cm) following [45-47]. The litter layer was deliberately removed. This is
because, the probability of predation, rain-washing seeds from the surface resulted in poorly
guided to conclude restoration potential of woody species from litter layer. To capture spatial
heterogeneity of seed distribution [48, 49], soil samples from similar layers of the five subplots
were mixed and put in one plastic bag to form composites samples and to reduce variability
within the plot. The composite sample for each soil layer was again divided into five equal
parts among which one (400 gm) was randomly selected for greenhouse germination.
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During data collection, permission to collect samples from the study area was granted by
the Guassa Community Conservation Area committee, which consists of nine individual rep-
resentatives from each kebele and the governing body of the area. The Guassa Community
Conservation Area is owned by the government and the local communities surrounding the
area are formally the responsible body to manage and protect the conservation area. Moreover,
there were no protected species sampled during this work. Sampling was completed within
two weeks (February 13-30, 2021) to avoid differences between habitats, and thus any tempo-
ral bias in seed availability and composition following the method used by [50]. These samples
were packed in plastic bags and transported to Addis Ababa University for greenhouse germi-
nation. The soil samples were first sieved using a mesh size of 2 mm to recover seeds of the dif-
ferent plant species [51]. The sieved soil samples were spread immediately in plastic trays in
Addis Ababa University greenhouse for germination of the seeds. Each plastic tray (20cm x
3cm) was perforated at the bottom and plugged by cotton to facilitate proper drainage of water
without losing soil. The seedling trays were kept continuously moist by daily watering follow-
ing the method used by [50]. The emerging seedlings were identified, counted and recorded.
Species identification was done using local reference material (Flora of Ethiopia and Eritrea
Volumes [52-56]. Each of the plant specimens were pressed and deposited in the National
Herbarium Ethiopia (ETH), at Addis Ababa University.

2.5. Data analysis techniques

All the collected data were organized in excel and checked for errors, normal distribution and
homogeneity of variance before the data analysis were run [57, 58]. Using SAS statistical soft-
ware version 9.0.1 (SAS Institute, 2001), all the collected data was fitted into a general linear
model (GLM) and were analyzed using two-way ANOVA (Analysis of variance) to determine
the abundance of Festuca macrophylla and Helichrysum splendidum in the soil seed bank along
altitudinal gradient. Shannon diversity index was used to determine species diversity in the
soil seedbank. Fisher’s least significant difference (LSD) test was employed to separate the
means when significant F values were found at a significance level of p< 0.05. We calculated
species abundance by totaling the number of seedlings that emerged from each sample. The
composition, density and frequency of seeds in the soil were determined from the germination
data recorded in the greenhouse experiment. The density of seeds was derived from the total
number of seeds recovered from the soil samples.

Density is more useful in estimating the importance of a species. The sum of individuals per
species is calculated in terms of species density per sampled area unit, such as hectare [57, 59].

The number of stems of a species
= - x 100
Sampled area in hectar

In order to analyze the diversity of soil seed bank, Shannon-Wiener diversity index (H') was
used following the method used by [60]. The Shannon index, which combines species richness
with relative abundance, is widely used in species diversity studies [61]. The Shannon index
expresses the relative evenness or equitability of species, gives weight to dominant species [62].
Total species diversity, richness and evenness of the soil seed bank of the study area were calcu-
lated taking the pooled seeds from the plots and the three soil layers found in each blocks.

The values of the Shannon-wiener diversity index usually falls between 1.5 and 3.5,
although in exceptional cases, the value can exceed 4.5. The value of evenness index falls
between zero and one. The higher the value of evenness index, the more even the species is in
their distribution within the given area.

PLOS ONE | https://doi.org/10.1371/journal.pone.0288804  August 21, 2023 6/18


https://doi.org/10.1371/journal.pone.0288804

PLOS ONE

Quantifying shrub encroachment through soil seed bank analysis in the Ethiopian highlands

Table 1. Top ranked species with their total number of seedlings in the GCCA.

Species Family Number of seedlings Density (%) Rank

Thymus schimperi Ronniger Lamiaceae 1457 13.2 1
Helichrysum splendidum (Thumb.) Less Asteraceae 1136 10.28 2
Trifolium polystachyum Fresen. Fabaceae 843 7.63 3
Trifolium usambarense Taub. Fabaceae 752 6.78 4
Euryops pinifolius A. Rich. Asteraceae 701 6.32 5
Alchemilla ellenbecki Engl. Rosaceae 610 5.49 6
Alchemilla abyssinica Fresen. Rosaceae 577 5.19 7
Festuca macrophylla Hochst. ex A. Rich. Poaceae 357 3.21 8
Urtica simensis Steudel Urticaceae 336 3.02 9
Cyperus elegantulus Steud. Cyperaceae 172 1.54 10
https://doi.org/10.1371/journal.pone.0288804.t001

3. Results

3.1 Species composition of soil seed banks

The total number of species recorded was 74 species, representing 55 genera and 23 families
from soil samples collected. Of the identified species recorded from the seed bank, 64 (86.49%)
were herbs and 10 (13.51%) were shrub plants. Families with the highest number of species
were Asteraceae (18 species), Poaceae (9 species), Scrophulariaceae (6 species), Cyperaceae (5
species), and the remaining families were represented by less than four species each. Five spe-
cies namely: Thymus schimperi (Lamiaceae, 1457 seedlings), H. splendidum (Asteraceae, 1136
seedlings), Trifolium polystachyum (Fabaceae, 843 seedlings), Trifolium usambarense (Faba-
ceae, 752 seedlings) and Euryops pinifolius (Asteraceae, 701 seedlings) accounted for more
than 56.3% of these seedlings (Table 1). From the three soil layers (i.e. 0-3 cm, 3-6 cm, 6-9
cm), high number of seedlings were recorded from soil seed bank of the upper layer (0-3 cm)

(Fig 2).

Number of SSB seedlings
88888828
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Fig 2. Number of seedlings recorded from soil seed banks of the upper 9 cm soil depth collected from GCCA. Key: SSB = soil seed
bank, SSB1 = 0-3 cm, SSB2 = 3-6 cm, SSB3 = 6-9 cm.
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Eleven of the taxa are endemic to Ethiopia. These are: Anchusa affinis, Cineraria abyssinica,
Cynoglossum coerulem, Euryops pinifolius, F. macrophylla, kalanchoe petitiana, Kniphofia
foliosa, Lobelia rhynchopetalum, Senecio schultzii, Senecio steudelii, and Urtica simensis. In
addition, there are also three near-endemic species to Ethiopia which are also found in Eritrea.
These are: Anchusa affinis, Plectocephalus varians and Thymus schimperi. From these endemic
taxa some of them like F. macrophylla, Kniphofia foliosa, Urtica simensis and Cynoglossum
coerulem are stated in the [IUCN Red list categories as least concern species.

3.2 Density of seeds in the soil

The maximum seed density was recorded in the first sampling layer (0-3 cm). Seed density
and total species abundance decreases as the soil depth increases in the GCCA. The species
with the highest soil seed densities in descending order include Thymus schimperi, Helichry-
sum splendidum, Trifolium polystachyum, Trifolium usambarense, Euryops pinifolius, and
Alchemilla ellenbecki (Table 1).

3.3 Species richness, diversity and evenness of soil seed bank

The Shannon-Wiener diversity index for the diversity of soil seed bank at the study area gener-
ally demonstrated high values for the diversity of soil seed bank as it is greater than 2.5

(Table 2). The Shannon evenness index (E) had no consistence value among the soil layers in
the study area; but totally viewed as 0-3 cm>6-9 cm>3-6 cm. Species in the middle layer (3-
6 cm) are more evenly distributed than the others whereas the species in the bottom layer (6-9
cm) are less evenly distributed. Generally species richness decreased down the soil layers
(Table 2).

3.4 Vertical distribution of seeds in the soil seed bank

The depth distribution of the seed bank was consistent with the highest seed densities in the
upper three centimeters (= 0-3 cm depth) of soil and a gradually decreasing number of species
and densities of seeds with increasing soil depth. The soil seed bank density exhibited a declin-
ing trend with increasing soil depth accounting for 4934 seeds m™ (0-3 cm), 2783 seeds m ™2 (3-
6 cm) and 949 seeds m™* (6-9 cm). There was variation in relation to depth distribution that
decreased to the lower centimeters for the sampled species (Table 3). Most of the species
recorded in the soil seed banks had seeds in all the three different soil layers. Alternatively, there
was variation in the depth distribution of seeds among different plant species. For instance,
seeds of some species were recovered only from the upper three centimeters soil layers e.g. Nep-
eta azurea. On the other hand, most of the species have seeds which are distributed in all soil
layers, e.g. Alchemilla abyssinica, Alchemilla ellenbecki and Euryops pinifolius (Table 3).

3.5 Soil seed bank density of Festuca macrophylla and Helichrysum
splendidum

From the analysis of soil seed bank, the density of H. splendidum was found to be higher than
seeds of F.macrophylla in each block both along aspect and altitudinal gradients (Fig 3A).

Table 2. Soil seed bank species richness, diversity and evenness of GCCA.

Soil layers Species richness (S) Diversity Index (H’) Shannon’s-Evenness (E)
0-3 cm 70 2.85 0.67
3-6cm 53 3.05 0.72
6-9 cm 31 3.81 0.37

https://doi.org/10.1371/journal.pone.0288804.t002
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Table 3. Ten purposively selected plant species with their variation in relation to depth distribution of seeds from GCCA.

Layers Density of seeds m™

AA AE NA EP FM HS TS TP TU UsS
0-3 cm 335 293 2 442 169 681 923 413 457 210
3-6 cm 234 205 0 218 134 263 408 272 208 99
6-9 cm 3 112 0 41 47 192 126 158 87 27
Total 572 610 2 701 350 1136 1457 843 752 336

(Abbreviations: AA = Alchemilla abyssinica; AE = Alchemilla ellenbecki; NA = Nepeta azurea; EP Euryops pinifolius; FM = F. macrophylla; HS = H. splendidum; TS =
Thymus schimperi; TP = Trifolium polystachyum; TU = Trifolium usambarense; US = Urtica simensis).

https://doi.org/10.1371/journal.pone.0288804.t003

3.5.1 Abundance of the seeds of Festuca macrophylla and Helichrysum splendidum plant
species in relation to altitude and soil depth. The abundance of the seeds of the two target
species (F. macrophylla and H. splendidum) in the soil seed bank showed significant differ-
ences. The pooled abundance and altitude were negatively correlated (Two-way ANOVA:
P<0.05), where abundance of the two species showed decreasing pattern as altitude increase in
the sample plots (Fig 3B).

Altitudinal difference had great impact on diversity and abundance of species in the study
site. The lower altitude had a significant variation index compared to upper altitude gradient
(Table 4).

3.5.2. Effect of aspect on the abundance of F. macrophylla and H. splendidum plant spe-
cies. From the analysis done using SAS software, aspect significantly affected abundance of
the two species, where both species with high abundance recorded higher at North-West and
North-East direction followed by South-West and South-East direction (Table 5).

3.5.3. Depth distribution of Festuca macrophylla and Helichrysum splendidum plant
species in the seed banks. Vertical distribution of soil seed bank of both F. macrophylla and
H. splendidum showed similar patterns. The highest amount of seed was found within the first
soil layer (0-3 cm) depth, while small amount for these species were found in the bottom layers

(3-6 cm and 6-9 cm). It showed decreasing trend vertically following with increasing soil
depth (Tables 4 and 5).

4. Discussion

Densities of seeds in the samples collected from the different plots varied greatly within and
between the eight blocks as well as in the three different soil layers. The species composition
and density of the soil seed banks in the study area depends on the type of plant species that
existed in the conservation area. The findings of the soil seed bank study revealed that there
are large quantities of seeds of herbaceous species in the soil. The predominance of herbaceous
may be attributed to small seed size, which makes them more easily incorporated into the soil
to form seed bank and also less prone to predation [63-65]. The endemic species account for
about 14.86% of the total species, which is higher than the 10% endemism of the Ethiopian
Flora. This implies that the area is rich in endemic species of plants. The Shannon diversity
indices for the diversity of soil seed bank showed that species richness declined with altitude
and along the depth. The study agrees with previous findings of unimodal relationships
between altitude and plant species richness [66, 67]. Such relationships have been suggested as
the consequence of productivity associated competitive exclusions at lower altitudes [68] and
productivity-related dilutions of regional species pools at higher altitudes [69]. Despite the
observed declines in species richness, no species evenness pattern were observed, so that not
one species appears to have become dominant as species communities became diluted at
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Fig 3. A) Soil seed bank status of F. macrophylla and H. splendidum collected from GCCA, B) Abundance of F.
macrophylla and H. splendidum along altitude in the GCCA.

https://doi.org/10.1371/journal.pone.0288804.9003

higher altitudes. Although this result partly could have been caused by a declining species pool
at higher altitudes [70], our observations support suggestions of strong abiotic regulation of
plant diversity at higher altitudes [71], coupled with relaxed competition [67]. This variation
can also be attributed to nature of the soil, slope, difference in magnitude and intensity of dis-
turbances could add up to the variation in diversity and evenness of soil seed bank [72].

The present study revealed that H. splendidum had higher density of seeds in the soil than
F. macrophylla. The possible reason for the existence of high seed of H. splendidum in the soil
may be due to high seed production which may persist in the soil for a long period of time
[73]. In addition, the species may have benefited from the current management system that

Table 4. Interaction effect of altitude, aspect and soil depth on soil seed bank abundance of F. macrophylla and H.

splendidum.
Lower elevation
Treatment F. macrophylla abundance
Aspect*soil depth
Aspect Soil depth
0-3 (cm) 3-6 (cm) 6-9 (cm)
NW 18.33" 5.00 4.33¢
NE 50.67° 24.00° 10.00°
P. value 0.0088
Treatment H. splendidum abundance
Aspect*soil depth
Aspect Soil depth
0-3 (cm) 3-6 (cm) 6-9 (cm)
NwW 110.33° 45.67¢ 36.00°
NE 86.00° 33.33¢ 21.33
p. value 0.005
Upper elevation
Treatment F. macrophylla abundance
Aspect*soil depth
Aspect Soil depth
0-3 (cm) 3-6 (cm) 6-9 (cm)
SW 22.67° 19.00°° 14.33%
SE 20.00° 13.00¢ 9.00°
P. value 0.0052
Treatment H. splendidum abundance
Aspect*soil depth
Aspect Soil depth
0-3 (cm) 3-6 (cm) 6-9 (cm)
SW 69.67° 40.00° 25.33¢
SE 51.33° 22.67¢ 14.67
p. value 0.0051

Mean values followed by the same letters in each column and treatment showed no significant difference by LSD

(p=0.05). KEY: NW = North-West, NE = North-East, SW = South-West, SE = South-East

https://doi.org/10.1371/journal.pone.0288804.1004
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Table 5. Effect of aspect on F. macrophylla and H. splendidum abundance on lower and upper elevation of GCCA.

Lower elevation

Treatment F. macrophylla abundance H. splendidum abundance
Aspect
NwW 28.22° 64.00°
NE 17.22° 46.89°
P. value <.0001 0.0001
Soil depth
0-3 cm 34.50" 98.17°
3-6cm 14.50° 39.50
6-9 cm 7.17° 28.67°
p. value <0.0001 <0.0001
Upper elevation
Treatment F. macrophylla abundance H. splendidum abundance
Aspect
SW 9.67% 45.00°
SE 7.00° 29.56
P. value 0.0076 0.0002
Soil depth
0-3 cm 21.33° 60.50%
3-6cm 16.00° 31.33"
6-9 cm 11.67° 20.00°
p. value 0.0008 <.0001

Mean values followed by the same letters in each column and treatment showed no significant difference by LSD
(p=0.05). KEY: NW = North-West, NE = North-East, SW = South-West, SE = South-East

https://doi.org/10.1371/journal.pone.0288804.t005

forbid the local community from harvesting the shrub for fire and for other purposes and
therefore, enabling the continuous production of seeds.

On the other hand, low seed density of F. macrophylla in the soil could be attributed to the
light small sized seed and frequently found on the steep slope. These small sized seeds are mostly
found on the steep slopes getting a chance to be washed by water [74]. Moreover, F. macrophylla
is perennial herb and produce its seed every two year and grass harvesting or cutting (disturbance
by the local community may be done before it produce seed [34-36] which may also result in low
persistence seed in the soil [32, 75]. The current management system in GCCA that involves two-
three years cycle of harvesting festuca grass for various uses may have led to decreasing seed pro-
duction and thus less seed rain as the compared to other species. The dominance of the grass is
possibly due to vegetative reproduction instead of germination from soil seedbank.

Patterns of abundance of F. macrophylla and H. splendidum were determined against alti-
tude and aspect. The result indicated that abundance of F. macrophylla and H. splendidum
negatively correlated with altitude (P<0.05). This result was similar with the one [76] who
found that altitude is the most significant factor that affects species abundance and distribution
in Afroalpine region. A reduction in species abundance might be due to harsh climatic condi-
tion and less competition as altitude increase [76]. According to [67] as altitude increases, rich-
ness of vegetation declines as a result of harsh climatic condition in the upper altitude caused
by restriction in species’ expansion. Altitude was found to be very important in many studies
in influencing the plant species distribution [77, 78]. Altitude was the main variable that deter-
mines the vertical distribution of vegetation whereas the horizontal distribution was affected
by aspect [77].
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Species abundance is also significantly affected by aspect. High number of F. macrophylla
and H. splendidum recorded along North-West and North-East direction followed by South-
West and South-East directions. The high number recorded in these directions may be attrib-
uted to the fact that seed dispersed by wind and also facilitated by human activity giving an
opportunity to widely disperse in the soil [79]. But considering study area as a whole a high
number of H. splendidum was possibility due to high disturbance pressure as a result of high
population density living in the surrounding areas as compared to the other two aspects. In
addition, high disturbance may favor increase in non-native species hence opened area give an
opportunity to germinate seed in soil [44].

Vertical distribution of seeds of a species is assumed to reflect the longevity of its seeds in
the soil [80]. The vertical distribution of the seeds in the soil showed that most habitat types
have highest seed densities in the upper three centimeters of soil and gradually decreasing den-
sities with increasing depth. The vertical distribution of the seeds of the two target species also
showed similar trend [81-85]. The variations of seed density in successive layers may indicate
H. splendidum had better seed longevity in the soil than F. macrophylla in addition to mode of
seed dispersal and seed predation. It also suggests that if the upper soil layer is degraded by soil
erosion or other factors, there may be variation in soil seed bank down to 9 cm.

The finding provides further evidences that H. splendidum showed significant increase in
GCCA. The increase in H. splendidum cover confirms the problem of H. splendidum encroach-
ment in the GCCA. This also confers with other study in the area. For example, the high-rate
expansion of H. splendidum and its encroachment over other habitats, like Festuca grassland
was pointed [30]. The H. splendidum free areas would be subject to competition for various
uses such as agriculture land and grazing. The previous study indicated the expansion of farm-
ing at the western edge of GCCA [27]. Generally, H. splendidum increment was the predomi-
nant factor for the decrease in F. macrophylla and causes a decline in the status of the
grassland in the study area [30]. Commonly H. splendidum encroachment was one but other
drivers also listed as cause for the decreased of grass land cover. Much of the Ethiopian land-
scape from sea level up to 4,000 m is altered by agricultural activities, deforestation and over-
grazing in order to fit the basic needs of a growing human population [86, 87].

5. Conclusions

Guassa Community Conservation Area is one of the protected areas in Ethiopia where the
local community harvest guassa grass for different uses and other shrubs for firewood. The
result of assessment of soil seed bank of GCCA revealed that the species recorded from soil
seed bank were high. A total of 74 plant species were identified from which eleven taxa are
endemic and three are near endemic to Ethiopia. The soil seed bank was dominated by the her-
baceous flora and in terms of seed bank distribution, the upper 0-3 cm soil has high number
of species when compared with the lower 3-6 cm and 6-9 cm soil. The study showed that
abundance of the two target species was significantly affected by altitude and aspect. In addi-
tion, the current management system seems to favor the expansion of H. splendidum.
Evidence from this study showed that there is a significant increase in the expansion of H.
splendidum encroachment in GCCA. The aboveground result also revealed and complemented
that the density of H. splendidum is highly abundant than F. macrophylla. Thus, the GCCA has
experiencing encroachment by H. splendidum. This study also concludes that the rate of the
expansion of H. splendidum encroachment might risk the loss of other habitats (such as Fes-
tuca grass land, Erica and other shrub lands). Furthermore, since the interest of local commu-
nity to protect the GCCA is because of the interest on the Festuca grassland, then if the rate of
H. splendidum encroachment over the Festuca grassland continuous, it might result a failure of
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interest by the local community to protect the GCCA. Thus, expansion of H. splendidum
might result in the loss of F. macrophylia.

Finally, loss of such ecologically and economically valuable plant species would have great
implications for the environment, biodiversity and socio-economic development of the com-
munities. Therefore, conservation and sustainable utilization of F. macrophylla through differ-
ent management approach such as reintroducing the “QERO” management system that has
been exercised for centuries by the local community would bring a better conservation out-
come especially when complimented with scientific management approach.
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